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1. assvaacy MIL.-STD-210A, "Climatic Extremes for Military Equipment,’’ {s being re-
viged. The revision will include twu sects of windspeed design goals for military equip-
ment being developed for worldwide ugage over land: (1) the speed up to which
“operations'' are expected to proceed, (2) the speed that equipment should " withstand"
without irreversible damage, The windieat location in the world for | percent or more
of the time during the windieast month (the "operational'’ extreme) is along the north
coasat of Scotland, Stornoway, Scotland is typical of this general area. Frequency dis-
tributions of the wind for Stornoway indicate 1-, 5-, and 10-percent 1-min speeds of
43, 36, and 33 knots respectively (at a height of 10 ft) with associated gusts up to

62 knots for the windiest month, December, The strongest winds in the world, aside
from those on mountain peaks and {n tornadoes, occur in Pacilic typhoons, Naha,
Okinawa, is situated in an area of the Pacilic noted for its high incidence of typhoons,
Wind extremes recorded at Naha are used as basis for developing " withatanding' ex-
tremes. For a 10 percent risk and durations of exposure of 2, 5, 10 and 25 yerars,

the expected 1-min wind is 119, 140, 156, and 176 knots, respectively, with
associated gusts up to 202 knots, A atudy of gustiness and variations of wind with
helght during strong wind regimes is presented, Nomograms of gust factor versus
gust duration and steady wind speed are used to assign the most dynamically effective
gust according to equipment dimensions, Based on a power-law relationship, [aclors
for adjusting windspeed to a common height to describe windspeed and gusts over the
vertical extent of military equipment usage are presented. Also included {8 a tabula -
tion of wind statistics for selected stations considered in the search for worldwide
wind extremes,
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Lxtreme Wind Speeds, Gustiness, and Variations
With Height for MIL-STD 2108

LOAINTROIVCTION

MIL.-STD-210A "Climatic Extremes for Military Equipn.ent' —a DOD document
which Is regulatory {n nature on the Army, Nuvy, and Alr Force—in heing revised
to MIL.-STD-2108. Amongst other environmental extremes {n MIL.-STD-210R,
there will be two wets of windspend deaign gouls for military equipment being
developed {or worldwide usage over land: (1) the windapeed up to which "operations"
are expected to procced; and (2) the speed that equipment should " withstand" without
irreversible damage even though the critical speed for operations i exceeded, I'he
withatanding capability can be attained through the basic integrity of the designed
equipment or through vse of auxiliary "tie-down' kits,

The present MIL.-STD-210A provides only one set of values, and these are
most applicable to the "withatanding' problem, Guidance furnished by the Special
Assistant for Environmental Services (SAES) of the Joint Chiefs of Stalf (JCS)
indicates that the speed for operations ({cr example, the landing of un aircraft)
will be a value that {8 exceeded only 1 percent of the time in the windiest month at
the windlesat geographical area over which military operations are conceivable,

JCS (SAES) further suggests that [or ''withstanding'' there should be u family of
speeds which have only a 10 percent probability of being attatned in geographical

(Received for Puslication 28 August 1073)
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areas =ubject to strong winds during an exposure lije of 2, 5, 10, or 25 yecars

condidered applicable to the spectrum of fleld Hves of mitlitary equipment,

2 BAAGROVLND

The peopraphical aveas applicable to establishing the "withstanding” speeds are
not necedsarily windy by usual 2tandards, that i8 high aveirages o daily speeds, as
in areas for which the standard for "operadons’” must be deterined,  For example,
1 percent windspeeds during the windiest month may approach 40 mph in the windy
Great Plain States of the U, 85, AL, an "operational problem'; but long term extremes
applicable to "withstanding” (often exceceding the speed defined as o hurricane wind,
75 mph) ave more Hkely on fslands and along coasts subjected to tropical and extra-
tropteal evelones,  Hurricane coasts have much lower average and 1 percent valuesy
than wind, intertor arcas ot mid- and high-latitudes, However, therce are some
mid- and high-latitude coastal areas for which both "operational” and "withstanding”
extremoes are high,

T dectde upon speeds commensurate with “operational’” and "withstanding'

caleulated risk destgm philogophby views of the JOS (SAES), wind records from

—— e —

aperational weather statfons o1l over the world must be used exceluding the area
south of 60°S and fsolated locations of anomolous conditions, At most observatories, !
windupeeds ave obscerved every six hours for internationally established synaptic
weather obhservations, At many locations, mostly airports, observations are
recorded every hour,  Unfortunately, wind observations and equipient ave fare
from standavd,  Por example, dn spite of the great viortation of speed with height
above the ground in the lower tens and even hundeeds of fect, there s no universally
accopted standard anemometer hetght,  The international standard hefght for |
ancmometers, 10, is seldom used,  Alzo, the hejpght above the ground iy a \
fletitious value of Hittle use in caleulating wind at other hefghts for anemometers
locaterl amongst dense bullding arcas 1f the effective heighty of the surrounding
bulldings {5 not properly congidered, Inthe U, S, A, there bas recently been o
trend to expose anemometers at major weather stations, maostly afvports, ot afr-
cruft wing levels of 10 to 20 ft, but some of the older exposures were on hangars
and towers,

Anoither problem is the period of time over which the wind is averaged to
make {t representutive of the synoptic weather situation, the basic use of the

1 .
obdervation,  Panofdaky and Brier® atate V', ., the spectrum of the wind varfance

has u great deal of energy near periods of two to three minutes, implying gusts every

1. Panofwky, H, A, and Brier, G, H, (1958) Some Applications of Statistics
to Meteorology, P'ennavivania State University, p, 146-7,




two to three minutes. This means that a one=minute wind average now and a one min-
ute wind average a minute later may come out quite differently. In fact, it appears that
windg near the surface should be averaged for at least 30 minutes before really stable
estimates can be expeeted, ' This knowledge has apparently had little, ifany, influcnce
on the averaging periods used by varfous observing networks. In past years, counting
the number of miles of wind passing the ancmometer in 5 min and multiplying by 12 to
obtain the miles per hour was the usual U, S, Weather Bureau observation, Very
good records of these H-min synoptic values and dally extremes were kept until
shortly after World War I when more sophiticated indicating and recording instru-
ments (which provide continuous records of speed averaged over only a few seconds)
came into use (U, S5, W, 13, 2) o In continuing the attempt to make wind obscervations
meaningful of the synoptic picture, the current standard U, S, obdervation is an
average for 1 min, However, in England and Canada, the climatic data published
are hourly averages, Aldo, a 10-min windspeed is the usual value for synoptic
observations when recorders are available, otherwisce it {8 something over 15 sec¢
(Shvll:n'«lz{). In 1947 the International Meteorological Organization established a
20-min average for synoptic weather reports, but this rule {8 not tollowed ((‘uurt").
Guats arve indicated in some climatic summaries when instrumentation has this
capauilin,, bul oo ot often roceeled, Theo for o) etndies of wind elimatology, such
an the speed exeeeded 1 percent of the time or the speed with only o 10 percent
probability in several yvears, are best based upon standard observations, often

called "dteady winds, " However, since {t {8 the gust which may be critical to
onerations or "withstanding'' during strong steady winds, {t is important to specify
the strength of gusts, Careful attention 1.ust be given to the time over which guats
are averaged, the speed of the steady wind, and the effect of height above ground,
The sizes (or durations) of gusts most pertinent to the spectrum of equipment sizes
must be related to this obgervational dota, The ML -STD-210A of 1953 =based
only an then available d=min steady winds=apecifies an "ingtantaneous' gust of
150 percent of the steady (5-min) speed at all heights, This peak speed i said to
have o gust factor of 1, 5,

In recent years design of 1nrge structures such as television transmitter
towers, “skyscrapers,' missiles (on the pad), and bridges has reached the point

of sophisitication where latigue of the structure due to vortex shedding, which is

2, U,S, Weather Bureau (I', 8, W. ,) (1863) History of Weather Bureau Wind
Measurements, U.S, Dept, of Commerce, Washington, 17, C,

3, Shellard, H.C, (1968) Tables of Surface Wind Speed and Direction Over the
United Kingdom, Meteorol. Off, 782, Ner Majesty's Stallonary OIMice, T.ondon,

4. Court, A, (1953) Wind extremes as design factors, J, I'ranklin Inst,
286(No, 1):39-55,




in resonance with the natural elastic frequency of the structure, must be considered,
i)uvunpnrtﬁ has also suggested the application of the power spectrum of turbulence

in the wind to this fatigue problem, ‘T'hese treatments are pertinent to such masg-
sive and claborate structures, but would probably be of limited utility in design of
standardized trangportable military equipment, the goals of this study, Also,

since the techniques for appilcation wre not well catablished, no attempt to handle
this so-called elagtic response problem s included herein,

Some studies of stirong wind extremes for structural design are based on the
climatology of the fastest mile ('l‘homﬂ and Hrm-kkc7). Utilization of such data
involves compuring speeds averaged over a spectrum of time perifods, a very un-
satigfactory approach {f shorter period gusts are to be derived since gust lactors
apnly to a specific averaging period, Also, since speed of the wind is dependent
upon the time period over which it i3 averaged, the speeds in such studies are not
truly comparable,

l)urul“ notes that the use of lghter construction material hag necessitated a
more detailed knowledge of short duration winds, and bas provided some prelimin-
ary models showing how speed increascey ag averaging time decreases, Mitsutu”

states that structural failure studies have indicated that "very gshoit duration wind

forces might be effective for destruction of buildings or other constructions',
One such situstion caused the collapse of ~ooling towers in Fngland and way

i
presented in detail by Shellard, 10 '
Studics of the relationship of gusts to the steady wind and thefr variation with
apeed, height, thermatl . aificaiion, and terrain have culminated in general
5 Davenpe.. A !)_vl)endcnrc of Wind [.oads on Mceteorological i
Puarameters, P o 0 1 an Nulldings and Structures, vol, T, URlverslty
of Toronto Pres., - !
]
G, Thom, H.C.... ©: i teguency of maximum wind speeds, Proc, Am, Soc,
Civil Eng, 80(No, 51,
7. Breckke, G.N, (1950 Wind Pregsurcs in Various Aread ol the United
States, Building Material and Structures, RPT 152, NHS, U.S, Dept, of Commerce,
#, Durst, (.S, (1860) Wind speeds over short periods of time, Metcorol,
Magazine 48(No, 1056):181-186,
9, Nitsuta, Y, (1962) Gust factor and analysis time of gust, J. Meteorol,
Soc, (Japan) 40(No, 4):242-244,
10, Shellard, 1, C, (1967) Collapse of cooling towers in a gale, Ferry-
bridge, November 1965, Weather 22:232-240,
10 !




agreement (nn(‘(-mlng the n.uurc of thcm‘ relationships (Davis .uul \m\ stein, t

Camp, 12 Shellard, \!nquta l)ursl l)cu( on, 14 Sherlock, 15, " Fichtl et .nl
Brook and Spillane, 18 and others), llowever, quantitative results have varied
depending on the datz and analytical methods used,

This paper provides the climatological background for specilfying gusts of
various durations during strong winds at several climatically different locations
from operational weather station recorder charts, The intent is to provide the
user with gust factors truly representative during operational and catastrophic
"withstanding' speeds which may be used to determine maximum windspecds
relevant to various sizes of equipment, information on the variation ol windspeed
with height, and finally, climatological background for specifving the extreme

wind design criteria reconimended for MIL-STD-2101,

3, GUST FACTOR RELATIONSHEPS

As indicated in the background, usually avatlable wind observations =lrom
which climatologies arce avatllable—=are speeds averaged over @ minute or more,
Gusts during such averaging periods can often build sufficient force to exceed the
threshold value required to prevent operations or to do irreversible damage,

11. Davisg, F.K, and Newstein, H, (1968) The variation of gust fuctors with
mean wind speed and with height, J, Appl. Metceorol, 7(No, 1):372-378,

12, Camp, DWW, (1968) 1.ow 1.evel Gust Amplitude and Duration Study,

NASA TM X-51771, George C, NMarshall Space Flight Cenler, TTunlsville, Alabama,

14, Shellard, 11, C, (7965) The catimation of design wind speeds, Wind
Effects on Hundhm an, Structures, National Physics Laboratory Symposium
(No, 18):p 3G-51,

14. Deacon, E, 1., (1955) Gust variation with height up to 150 meters,
Quart, J, Roy., Meteorol, Soc, (l.ondon) 81:561,

15, Sherlock, R.H, (1947) Guat Factors lor the Design of Bufldings, Int,
Asgoc, for Hridge and Structural kngineering, Vol. 8, p, 207-215, -

16, Sherlock, . H, (1852) Variation of wind velocity and gusts with height,
Paper No, 2533, P'roc, Am, Soc, Civil Eng,, p 463-508,

17. Fiehtl, G, H., Kaulman, J,W,, and Vaughan, W, W, (1968) Character
of atmospheric turbulenre relnu-d to wind loads on tall utruc!ures J. ‘iga_acemul
G(No, 12):1308-1401,

18, Brook, R.R, and Spillene, K, T. (1970) The variation of miaximum wind
gust with height, J. Appl. Meteorol, 8(No, 1):72-78,
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The relationship of such pustiness to the standard observations must be known
in order to prqvldv "operational” and "withstanding” extremes for M -STD-2105,
Slu-rlm'kl" indicates that o gust must have a duration such that ity size is

about H tirmes the downwind dimension of a structure in order to build a force on
the structure commensuate with the gust speed,  As an example, for a structure
with u 12, 5=t downwind dimension a gust must be 100-t long to huild up full
dynamic pregsure,  Fora speed of 100 fps (3% knots), a pust need act for onhy

1 sec to build up to full foree on such a structure,  Larger structures requite a
longer duration gust, A gust of several seconds {5 often congidered ayw typical

of the eritical duration in buildings of up to 100 It for typical extreme specds, say
100 knots, i‘or stronger winds, the required duration will be even shorter,
Table 1 indicates the gust duration cequired to bujld up full dyvnamic pressure

on structures up to 100 ft,

Table 1, Duration (see) of Guxts Required to Allow Full Buildup of Force on
Structures

T T L T e L e - - e e e e e
Speed Down-wind Dimension
Knots (Tps) hn on [ ]_ 50 1t 100 ft
SRR N SN A SR R A - -]
Gust Duration (sec)
25 42 0.9 1.9 0 , " 10
50 Hd 0.5 0,0 2 ] 5 o
T 127 0.3 0,4 1.6 ' Rt H
100 160 0,2 0,7 .) 1,2 | 9 i
125 211 0.2 0,4 0,4 1,0 4
150 254 0,2 J 0.3 l 0.8 1.6 g
I oo .

Another aspect of the gust-size problem i8 the physical response of structures
to gusts of vacious duration, l.arge structures such as bufldings have great mass,
and it can be contended that there s insuflicient time for reaction to short period
wusty,  CTherefore, onl. the force of the steady wind dpeed would be important in
their deafyn,  Newberry et ulw reported on wid loads experienced on an
instrumented 18-story rectangular office building, 142 ft by 58 ft, He hinds that
displacement of this butlding would be about 1.5 t duriny the course of p 3-sec
gust apeed of 65 knots if the bullding were free floating,  He stated: "Such dis-
placement would be quite unacceptable and the conclusion must be drawn chat the

19, Newberry, C.W,, Eaton, K.J,, and Mayne, J, R, (1068) The nature of
gust londing on tall buildings, \ind Lffects on Bulldings and Structures, Univer-
sity of Toronto Press, Proc, of the International Research SemInar held at the
National Rewearch Council of Canada, Mtawa, Crnada, 11-15 September 1567,
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et of the building plavs onlv o small part in restisting the effect ol gust

Toadingt, at least down to the d=soe averaging pectod”, e further dtates: " In
respect of cladding the indieations ave that even shorter gusts are significant,
bat for the present thetr thnits have not been explored,”

tn the other hand, Newberry ot ulm presents data ‘vhkich support the need for
uat to have wodueation such that it is about 8 times the downwind dimension of the
Atvucaare in order to butld us full force, His measurements in a wind of about
{0 hnots ahow that the gust factor relative to the 1-min apeed derived from the
foree on the hutlding are about those for 5= to 10-scec gusts, supporting the values
n Table 1,

Mont studies of gustiness are from micrometeorological research, Though
nmeasucements obtained from such experiments are generally superior to opera-
tianal datn beeause of refined ancmometry, such studies hardly ever provide
data for the very strong windspeeds important in design of military eguipment,
Therefore, an attempt wax made herein to analyze gust data for a more meaningful
spectrum of windspeeds,  Also included are some other pertinent data from

unusually atrong winds and relevaat research findings,

B Data

Original wind gust recorder charts containing strong, steady speeds, avail-
able in the inventory of the National Weather Records Center, were requested
from 'he Environmental Technical Application Center (ETAC). Stations, dates
and ancmomater heights of the data provider, which were used in our analysis,
are listed in Table 2, An evaluntion of the response times of wind measuring
instrumentation from which the data were taken is presented in Appendix A,

It neder to have suflficiently stable samples of data to examine variations
of gustincas with speed, 10-knot windspeed class intervals were chogen (for
example, 20-20 knots, 30-19 knots, cte,), One method of obtaining gust factors
from the data was to mark off equal time intervals on the gust recorder chart,
take the steady windspeed and compute factors for the highest gusts occurring
within the interval, Another posusibility was to use a long time interval, say
an hour, and compute the gust factors from the highest 5-min, l-min, or
J0-sec winds, no matter where they are located in the hour interval, Assuming
that the most likely gust configuration is symmetrical, as shown by Camp, !
it was decided that the gust being measured should be in the center of the
averaging period, This concept is presented graphically in Figure 1. Since
the "Manual of Surface Observations” (Circular N) used by the National Weather
Service, Air Force, and Navy prescribes the recording of the average 1-min

13
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Table 2. Stations, Dates, Number of Observations and Anemometer Heights of
Primary Data

nemometer
Station Height (It) No. Obs Date

Adak, Alaska NS 80 1 February, 1952

15 81 “arch, 1954

75 14 September, 1956

75 60 March, 1958

75 41 November, 1958

75 4 Qctober, 1958

75 21 May, 1859

58 10 November, 1961

25 38 November, 1964
Argentia, NNd, FW¢C 56 30 September, 1955
Azores/l.ajes Field 10 16 February 1960
Cherry Point, N,C, MCAS 95 13 September, 1955
Falmouth, Mass/Otis AFB 13 11 September, 1960
Guam/Agana NAS 43 1 November, 1957

14 41 April, 1963
Guam/Anderson AFB 13 4 November, 1062
New Orleans, [.a. WBAS 20 18 September, 1965
Okinawa/Futema MCATF 28 9 October, 1961
Okinawa/Kadena AR 13 68 QOctober, 1961
Patuxent River, Md,/ NAs 85 10 Qctober, 1954
Quonset Point, R,I, /NAS 84 3 September, 1954
Rapid City, S.D./Ellsworth AFH 13 30 February, 1963
Thule, Greenland/AB OP Site 13 11 March, 1960

Total-.’ﬂ—s-

14
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Iigure 1. M\ethod Used to Determine iTO 1
Windspeeds of Differing Durations, - W} 8
The peak gust within 2,5 min of the
hour is indicated by an arrow, For E”r »
this example, the 5-min speed is
38 knots, the 1-min speed is 4of 1
40 knots, the 30-gsec speed is g,o_
43 knots, and the 2-gec peak is 1l i
60 knots 20} 30-00¢ 4
—Fslh
L] Fmin 4
1 1 L A 1 i s tmin i
° 1211 ] t L ] i 203PM
DURATION

speed, this speed was used to describe all relationships. Ratios of the 5-min

and 30-sec averages and peak gust (about 2 sec as will be noted in the next section)
to the 1-min wind were computed, For example, the gust described in Figure 1
has a 1-min average speed of 40 knots, a 5-min average speed of 38 knots, a
30-sec average speed of 43 knots, and a peak gust of 50 knots. The 5-min factor
is 38/40 or 0.950, the 30-8ec gust factor is 43/40 or 1. 08, and the peak gust
factor is 60/40 or 1. 50. Since the 1-min speed is 40 knots, these factors would be
ussigned the 40-49 knot class interval in subsequent statistical summarics, A
total of 548 such observations were studied, The method used was to make obser-
vations centered on the highest peak (2-sec) gust within 2, 5 min of the hour, How-
ever, on occasions when a higher gust fell within 2, 5 min of the gust chosen, that
gust then became the center of the obaervation, The vertical arrow in the center
of Figure 1 points to the 2-sec gust chosen at 2:00 I'. M, Because of the scarcity
of recorded steady winds over G0 knots, gusts were studied at 15-min intervals
when such winds were encountered,

Wind near the earth's surface is very sensitive to the terrain; consequently,
any particular location is likely to have its own gust characteristics, Since data
for this section were provided from the many locations listed in 1'able 2, pooling
the obaervations should effectively limit the influence of any one location, The
anemometer heights rang: from 10 to 95 R, The average height of these is
roughly 50 ft,

3.2 Gu<t Factor atistios

Means and the range of ratios of 5-min, 30-sec, and 2-sec averages to the
standard 1-min speed for the sample of 548 observations taken [rom the
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operational recorder charts studied are shown in Table 3, The 50-, 75-, 90-,

and 98-percentile values and the standard deviations of 2-scc gust factors are
shown in Table 4,

Observations at anemometer heights above and below 50 ft were separated
with resulting mean heights being approximately 75 and 15 ft. The number of
obgervations in each windspeed category for these two height classes and the
average heights are shown in Table 5, The mean, standard deviation, and the
50, 75, 90, and 98-percentile values of the 2Z-sec gust factors at 15 and
75 ft are shown in Table 6. A study of Tables 3, 4, and f reveals:

(1) As shown in Table 3, the expected decrease in the mean 2-gec gust
factor with increasing 1-min speeds is evident except at the 70-79 knot t{nterval
where the sample gize is very small, However, when the gust [actors at the
mean heights of 15 and 75 ft are examined (Table 6), the decrease is much
goeater at 75 ft; in fact, the gust factor at 15 ft increases slightly for speeds
through the 40-49 kriot intervals, The standard deviations of the 2-sec gust
factors also decrease with increasing speed at 75 ft but behave erratically at '
15 It.

(2) The 2-8ec gust factors at 75 ft are less than those at 15 It at speeds l
greater than 39 knots, reflecting the decreasing elfcct of surface friction (on ‘
1-min averages) with height, even as low as 75 [t,

(3) The 30-sec ratios remain nearly constant with increasing speed (Table 3), '
whereas the 5-min ratios show no obvious trend. Evidently, measurements
averaged for at least 30 sec tend to filter out most of the small scale turbulence, !

Much of the older extreme wind studies for structural design criteria used
well-defined 5-min average speeds (Court‘). For comparative purposes, ratios
of maximum l-min, 30-gec, and 2-sec averages within each 5-min observation
were computed, Median and mean ratios are shown in Table 7, Means and
mediang are sulliciently close toindicate that the distributions are near normal,
The 2-sec gust factors show the same trends as in Table 6, decreasing with
increa jing speed more rapidly at 75 ft than at 15 ft. Clear trends for the 30-sec

hm e e e ——

and 1-min ratfios are cvidently clouded by the diversec nature of the data.

The tendency for gust factors to decrease with increasing speed at the nominal
height of operational anemometers, 50 ft, is {llustrated in Figure 2, The
operational anemometer gust factor curves were drawn for a 5-min steady wind.
The values were obtained by averaging the mean gust factors for the 15- and
75-ft columns in Table 7; however, the speed categories are in terms of the 1-min
speed. Also shown are the lindings of Sherlockls, Durnts, and Mackeyzo for
Typhoon Mary.

20, Mackey, S, (19685) Discussion of Wind Effects on Buildings and Structures,
Her Majesty's Stationary Office, London, p. 422, .
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Table 3,

l1-min
Speed
(knots}

20-29
30-39
40-49
50~-59
60-69
70-79

L

L.

Ratios of 5-min, 30-sec, and 2-scc Speeds to the 1 -min Speed for All
Observations Regardless of Anemometer Height

| R

“Values in these columns are usually called "gust factors."

Table 4.

e R — S - —— 3
5-min 30-sec r2-gec
No. Obs, Mean Range  |Mean | ~Range |Mean Range
T 113 0, 909.1 0, 692-1,00 ’——;.04 1.00-1,17 ’ 1,35 11,07-2,14
142 0. 911 0.771-1,00 1.04 11,00-1,17 | 1,31 |1,06G-1,81
113 0. 820 0.732-1.00 1,04 {1,00-1,17 1,28 | 1.04-0.81
83 0,917 0,778-1,00 1.04 {1,00-1,16 | 1,27 | 1,08-1,61
67 0,932 0.783-1,00 1,04 11,00-1,15 1.25]1,03-1,58
10 0.911 0.855-0,958| 1,06 |1,03-1,18 1.29 ( 1,06-1, 54
U (R WY SURN SN W I—

Distribution of 2-sec Gust Factors Versus 1-min Average Speed for All
Obsgervations Regardless of Anemometer Height

o e b
1-min Percentile Values
Speed Standard
(knots) Deviation 50 15 90 98
20-20 0.172 .31 | 1.41 1,58 1. 82
30-39 0. 149 1,28 1,309 1. 50 1.71
40-49 0.146 1,26 1.37 1,44 1.68
50-59 0.114 1. 27 1.35 1.41 1.54
60-69 0.140 1,23 1.36 1. 44 1,56
70-79 insufficient data

17
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Table 5,
Recorder Charts Studied

Distribution of Ancmometer Heights Versus 1-min Average Speed for the

[

Mean Height
of All Obs
(ft)

40
46

53
57
19

1-inin —1 l.ess Than 50 ft More ‘T'iian 50 it
Speced Mean Height Mean lHeight
(knots) No, Obs, (ft) No., Obs, (1)
20-29 71 17 56 75
30-39 66 16 76 13
40-49 36 15 77 71
50-59 26 15 57 75
60-69 41 14 26 78
70-79 2 13 8 78
, S N IR o .
Table G. Distribution of the 2-sec Gust Factors During 1-min Speeds by Approxi-

mate Anemometer Height

1-min Percentile . .
Speed Mean Std Dev 50 75 90 98
Kknots) [ i5 ft[75 | ISAJ750 [I5Mt]75 ft|15 ] 75t |15 ft] 76 1t] 15 [t [75 It
20-29 | 1,33]1.37 | 0,122(0,220|1,31|1,30{1,38(1,50(1.45{1,66(1i,66]2,07
30-39 | 1.35}1.27 | 0,120/0,16211,32]1,23 (1,43} 1,33|1.49(1.50{1,71(1.74
40-49 | 1,36)1,25|0,132(0,138|1,35(1,19]1.40/ 1.33|1.52]1,42]1.80(1,63
50-59 1,33[1,25 [ 0.105/0,110{1.31]1.25(1.38] 1.33}1,44|1,40}|1,64(1,51
60-69 | 1,27 11,21 (0.168/0,063|1,31|1,20/1,41]1,24|1,48{1.20(|1,57[1.36
70-79 1,37 1.27 Only 2 observations at 15 ft, and 8 observations at 75 [t,
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Table 7. Ratios of 1-min, 30-8e¢c and 2-gec Speeds to 5-min Speeds
1-min .20 Percentile | . MNean e e
Speed L-min | 30-gec [ 2-gec | l-min | 30-sec | 2-sec
(knots) [ 15 R[75 0t | 15176 PSS PCT75 IS [T P io n]7h |18 R[T4 T
20-29 1,08|1,11 1,121, 161,41 1,44 11,08 |1, 131,12 |1,18]1.4411,55
30-39 | 1,10(1,10 ) 1,1411,14}1.45{1,35}1,10}/1,10{1,14|1.14(1,48]1.40
40-49 1,08!1,08 1,1211,12) 1,46 |1,290}11,081.09 | 1,12 |1, 14| 1,47]1,46
50-50 | 1,06( 1,09 1,101[1.,13(1,39{1,3611.07 1,10 1,12(t,14}1,43]1,37
60-69 | 1,051,100 1,09|1,141.38|1,32 1.05—|l.11 1,00 1,15 l.:Hll.iM

B | ] ! Ll I ]
-1

o—1) —o DURST (1950) MODEL FOR PROBABLE OF IN HOUR
1000 FOR SPEEDS UP TO 80 MW 3
— 3§ = SHERLOCK (1947} MODEL ,HEIGHT SO AND T3 FT, ]
HOURLY AVERAGE SPEZD ABOUT 30 MPN N
o Mamc TYPHOON MARY, AXIMUM GF FOR 3,10,30 AND .
60 SECONDS DURING 5 MINUTE MAXIMUM OF 81 MPH. |
g ™ E
] :
g ]
-
of- 3
- " 3
2070 29 \ -
~ NTO MW (142) .
- TO M 1)) s <

01059 () R \
- 10 (on—————"“)‘ n
\ | ‘] 1 L] N
1.0 120 1.30 140 .80 160 .70
EXPECTED QUST FACTOR
Figure 2, Expected Gust Factor (GF) From Operational Wind Recorders
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Sherlock used a special data sample obtained from anemometry equipment

degigned to indicate gust durations dovn to 0,5 see. The gust factors are higher
than for the aperational anemometers, but Sherlock's data sample was quite

Hmited; hig 2-sec value of 1, 65 i within the distribution of the operational
anemometer datu, Durst's® atatistical model was based upon several samples

ol 10-min long, high speecd recorder, unemometer runs, He obtained the ratio of
these sampling periods to their hourly averages in order to obtain the ratios of
shorter period values to the hourly values, His empirical data were taken at an
anemometer height of 50 ft and limited to speeds less than 42 mph (36 knots), e
applied his model to 10-mph (9-knot) class intervals of speed up to 80 mph (70 knots)
to obtuin expected maximum gusts of vurious durations, Probable gust factors for
G00-, 60-, 30-, 20-, 10-, and H-scc duration, indicated in Table 8, are ncarly the
same regardless of the speed. Mackey, 20 in a report on Typhoon Mary when it
crossed long Kong, derived maximum speeds for 5-, 10-, 30-, and 60-sec duration
during the maximuam S-min gpeed of 63 mph (55 knots), Short duration gust

factors are much higher than those in other sources, as can be seen in Figure 2.

In order to determine if there is a dif erence between gusts occurring from
tropical storing and those from extra-tropical storms, samples of data taken from
stations with anemometer heights of 10 to 25 ft werc selected rom the 544 strip
charts from operational weather recorders for tropical and extra-tropical storms,
Gust factors for 1-min speeds of 20 to 59 knots were combined to increase the
stability of the samrle., These are compared in Table 9, The 2-sec gust factors
appear to be alightly greater for tropical storms, but the significance of this
difference needs subetantiation, Smith and Slnger21 studied the gust factors for
1-min winds during 1954 when two hurricanes, Carol and Edna, were passing cloge
to Brookhaven National lLaboratories, lLong Island, New York, Friez Aerovane
equipment was located on several levels and the authors determined the gust
(assumed to be 2-sec duration) rolationahips to the 1-min averages for about 2 hr
when under the influence of these storms. Pertinent data are provided in Table 10,
The lowest anemometer for Brookhaven i8 37 ft above the ground as compared to
heights ranging from 10 to 25 ft [or the operational data, but mean gust factors
from the Brookhaven observed hurricanes are alightly greater than for the tropical
storms summarized in Table 8. Also, the mean 2-sec gust factors for Carol were
virtually the same as for Edna, although Carol's spceds were considerably astronger,
Since the Brookhaven tower i{s surrounded by a scrub pine forest reaching up to
30 rt, the anememeter height of 37 ft is not comparable to heights of the ¢ 2rnticnal
weather station anemometers which are moastly over open airports, Apparently
there {s enough difference in gustiness with syncptic situation and local terrain to

21, Smith, M, E, and Singer, 1. A, (1956) Hurzicane Winds at Brookhaven
National l.aboratory, Brookhaven National Laboratory, unpublished study.

20




Table 8.

Probable (10 percent) Gust Factors for 20- to 80-mph Average Hourly
Speeds Using Durst's® Model

Mean Hourly
_ Speed o Gust Factor (GF) - o
(inph) T (knots¥ | 600 sec 60 sec 30 sec 20 nec Waee 16 se
20 17 1.05 1,256 1,30 1,45 1,40 | 1.50
30 26 l i,0%7 1.23 1.33 1,137 1,43 ; 1,47
40 35 | 1.07 1,25 1,32 L35, 1,42 | 1,48
50 43 | 1.06 1,24 1,32 L6 1,42 | 1,48
| G0 52 SoL007 1.24 1,32 1,35 1,42 1,48
, (30 ol i 1,06 1.24 1.31 1.36 1.41 1.49
4o (0 1.06 1,24 1,33 1,36 143 | 1.4u
»
Table 8, Comparison of 2-sec Gust Factors During 1-min Winds of 20 to 59 knots
in Tropical and Extra-tropical Storms, Aremometer licight 10 to 25 It
Gust Factor _ Percentile Values |
No.
Storm Type Observ. 50 5 00 08
SV Uy S0 SV e . P SR —
; Tropical 107 1,34 | 1,42 {1,490 | 1,76
Extra-tropical 79 1,29 ] 1,39 § 1,47 | 1,61 J
UV U PRE SO SO G - . N B | N P

Table 10, Mean 2-sec Gusat Fuctors in 1-min Winds for Hurricanes Carol and
Fdna ‘Smith and Singer2l)

Edna

1

“aSpeed [ ""Gust Facton
{knots)
23 i, 45
28 1. 29
38 1. 18

Carol 1

Helght “Speed Gust Factor

(It (knots)
l me— . r————— e ——
; 37 28 1. 43
j 5 36 1.38
l ; 150 47 1.28

355 52 1,32
r 410

21

*Mean of all 1-min average speeds for the period studied, about 2 hr,



obscure a conclusion on the relative turbulence of tropical and extra-tropical

atorms,

Recorder charts of steady winda greater than 70 knots are scarce and
"withutanding' windapeed criteria can well exceed this value, Data for
Mt, Washington, compiled from recorder charts tn 1958 by AFCRI.'s M, Gutnick
for an unpublished study, were utilized to extend the specd range, This source
provided 26 obgervations of gust factors for H-min steady winds ranging from
71 to 183 knots, Another input are four vaiues derived from wind data taken
during hurricanes that passed close to the Blue liill Observatory, near Boston,
Mnas. These inputs are discussed further in the next section,

1.3 Development of Gust Factor Relutionxhips

Our purpose in thia part of the study is to establish a relationahip between
expocted gust and the steady windspeed, regardless of location, Since there is a
wide range ol exposure conditions and instrumentation in the 548 op< rationa},

26 Mt, Washington and 4 Blue Hill wind maxima, it was decided that the most
representative relationship of the guat to the average speed would be that obtained
from uaing all the data and applying it to the average anemometer height from
which the data were taken, approximately 50 ft,

The form of the relationship between the gust factor and the steady wind
poses another problem, A straight line regre=sion curve would provide a fair
approximation of the expected decreaze in gust factor with increasing speed;
however, it would imply that at some speed, perhaps between 150 and 200 knots,
expected gustineas becomes zero, l.ogic implies that the true relationship is a
curve asymptotic to a gust factor of 1,0, so that there is expectancy of some
gustiness no matter liow strong the speed. This I8 in general agreement with
findings of turbulence in the upper air, At jet stream levels of 30- to 40-thousand
ft, aircraft research by “ndlich and McLeanzz show gusts running 5 to 20 fps
(3 to 12 knots) with a peak gusat of 27 fps (22 knots) when there is measurable
turbulence, The average jet stream core speed is 240 Ips (142 knots), but speeds
approaching 338 fps (200 knots) with turbulence have been encountered, The gust
factor at such extremes is evidently about 1.1 when there is turbulence, but the
expected factor must be closer to 1.0 since measurable turbulence was observed
only about 30 percent of the time during research in the jet stream,

To obtain a more realistic solution, a least aquares relationship in which the
gust factor, GF, approaches unity with increasing 5-min speed was developed.

22, Endlich, R. M, and McLean, G.S, (1965) Jet stream structure over
central United States determined from aircraft observations, J. Appl. Meteorol.

4(No. 1):83-90,
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The resulting equation takes the form

Gr 1+ aeBY (n
where A and B are constants and the speed of the steady wind, V (> 20 knots), is
taken to be the 5-min average. This impliecs a gust fuctor of 1 plus A when the
5-min speed is truly zero, but this relationship was not designed to be applicable
below the range of data used, 20 knots.

Figure 3 shows the median (50 percentile) gust fuctors (taken from Table 7)
versus class interval midpoints of 25, 35, 45, 55, and 5 knots, the 2-sc¢c
GV curve GF 1 + 0,55 6-0.0093\/' and a 30-scc GF curve subjectively drawn,
Also included are two points of median gust factor for the Mt, Washington winds,
one for 11 observations ranging from 71 to 89 knots, and the other for 15 observa-
tions ranging {from 92 to 188 knots. The Blue Hill point includes four values with
a speed rangce of 73 to 105 knots.

A study of Figure 3 indicates that although the Mt, Washington points do not
quite follow the pattern of decreasing gust factor as speed increases, the small
decrease (from 1, 19 to 1, 23) does not appear significant. Also, the Blue ilill data
point does not help in establishing this pattern, probably because two observations
for the September 1938 hurricane are based upon passage of miles of wind over a
3 -cup anemometer which did not have modern few-second response recorders,
These values were obtained from notes made by the observer, Since the Blue Hill

18 . . v e ey v o g v r - ey -
; - 19N

36) (64) (38 SLUE MILL (4} o 73M

»

GUST FACTOR
~_ o

(34) . .
Q! _n on @ 30-00¢ TO S-omn G F
an M e e - (EYE ESTIMATED Cumve]

|%° . o [P SRR W A A A i A e i Y WY SRR o e —

40 0 0 00 20 140 160 180 200

Figure 3, Median Values of the Guat Factor for 5-min St:ady Speeds, the
2-sec GF Curve, GF - 1 + 0,55¢-0.0093V  and a 30-sec GF curve subjectively
drawn (number of observationa for each point is shown in parenthesis)
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average (s based on much less data than the other points, it may not be representa-

tive of the true average.

The constants and parameters giving statistical representativeness for the
entire sample of and various selections of the data are shown in Table 11. Also
shown are the gust factors for 5-min speeds [rom 25 to 200 knots which were
computed from the relationships derived [or the sample. There is little difference
between the values obtained with all 578 observations ( column I) and the same
sample excluding the four questionable Blue Hill obgervations (column II).

The F-ratio for significance shows both lits are very highly significant, but

Table 11, Distributions of the 2-sec Gust Factor (GF) to the 5-min Steady Speed
Calculated From a l.east Squares Fit to: GF : 1 + Ae BV

[ Samples*
I I1 il v A"
Sample size, n 578 574 548 260 248 ‘
Constant, A 0.55 0, 56 0.61 0.59 0.62
Constant, B 0.0093 0.0102 0.0122 0.0116 0.0115 l
Standard error, SE 0.45 0.44 0.44 0. 44 0.43
Coel. of Correl., r 0.35 0.38 0. 34 0,31 0,35 !
F-ratio 81 85 69 27 34
Gust Factors ,
9-min '
Steady '
Speed
V(kts) GF GF GF GF GF
25 1. 44 1.43 1.45 1.44 1.47 ‘:
35 1.40 1.39 1.40 1.39 1,41 |
45 1.36 1,35 1,35 1.35 1. 37 ;
55 1.33 1.32 1,31 1,31 1.33 {
65 1.30 1,29 1,28 1,28 1. 29 ]
75 1.27 1.26 1.24 1.25 1.26 .
100 1.22 1,20 1.18 1.18 1. 20
125 1. 17 1,17 1,13 1. 14 1. 15
150 1. 14 1.12 1.10 1,10 1. 11
175 1.11 1.09 1.07 1,08 1.08
200 1.09 1.07 1,05 1. 06 1. 06

*Samples:

I. All data from operational anemometers plus

Mt. Washington and Blue Hill,

II. A1l data except Blue Hill,
NI, Operational anemometers only.

IV, Operational anemometers at 75 to 85 N,
V. Operational anemometers at 10 to 28 v,
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exclusion of the Blue {lill values raises the I'-ratio irom 81 to 95, The values
obtained using all 548 operational anemometer data, the 260 observations from
operational anemometers between 75 and 95 1, and the 248 between 10 and

28 ft, are shown in columns lII, IV and V, respectively, Forty obgervations,

30 at 56 ft and 10 at 58 [t, of the 548 observations in the distributions of

Tables 3, 4 and 6 were omitted [rom columns IV and V, There i3 little difference
between the resulte for higher and lower anemometers, justilving application of
the expression to all ohservations of the steady winds of the climatological distri-
butions selected for "operational” and "withstanding' extremes. The tendency for
gust factors to be gmaller at greater heights, especially as speed increases (as
shown by the mean and standard deviations of gust factors in Table 6), ig mostly
masked out by the least squares regression,

The relatively small correlation coefficients (Table 11) clearly depict the
great variability of gustiness from onc situation und place to nother, It appears
desirable to gsettle on one relationship between 5~min windspeeds and 2-gec gusts;
that relationship is probably best depicted by Fq, (1) and the values under columin (
in Table 11, Selecting column | values over column Il values avoids any arbitrary
discarding of available data, It algo provides some conservatism since gust [actors
at extremely high windspeeds will be in the sarae "ball park” as {3 implied from
the jet stream turbulence encounters of aircraflt at comparable high windspeeds in
the free air. The curve for the 2-gec gust shown in Figure 3 is for the constants
A and B given in column I, Table 11,

A tool to obtain gusts of other durations which would be applicable to the
various downwind dimens’ons shown in Table 1 {s still required, To develop this,
the general assumption that the gust factor diminishes logarithmically with in-
creasing duration, as in Figure 2, was accepted, but it was recognized that the
relationship {3 not exact and details providing departures {rom it would be
destirable, As a first step the 2-4ec factora were computed from Eq, (1) and
column I, Table 11, These are listed in Table 12, The next step was to plot
the median (50 -percentile) values of the 30-sec GF from Table 7 on IFigure 3, A
curve was fitted by eve to the remalning points, resembling the 2-sec curve, but
with a much amaller slope since the range of ratios of 30-gec to H-min winds is s0
much lower han 2-sec to 5-min. Gust factors for the 10-sec wind selected from
this curve are shown in the second column of Table 12, The values in Table 12

S5=min

are plotted on Figure 4, It permits one to estimate, as a function of the
speed a most-probable gust for various durations between 2-sec and H-min, Asn
has been indicated, much of the recent wind summaries contain steady winds that
are | min averages; consequently, gust factors are required for these | -min
steady speeds, Gust factors for 2-sec gusts in 1 -min wind speeds can be estimated

by dividing the 2-sec gust factors for 5-min winds by the 60-dec gust fuctors for
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Table 12, Gust Factors With Respect to the S-min steady Speed.
was estimated from Figure 4, the 30-sec GF was estimated from Vigure

2-gcc GF was derived from Eq. (1)

‘TThe 60-s5cc¢ GFF
3, and the

5-min
Speed
(knots)

i — e

1,120
1.105
1.094
1,085
1,077
1. 066
1,057
1,049
1,042
1,035
1.028

60-3ecc

A S

l

i
:
!

Gust Factor (GF)

i
|

30-secc 2-3e¢
R —_ DU
¥ 45606

1.172 1,

1.151 1.4160
1. 134 1,3701
1. 121 1. 3454
1. 111 1.3147
1.095 1.2613 |
1.081 1. 2170,
1.069 1.1719]
1.059 1, 1363
1.050 1. 1080
1.040 1. 0856
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Figure 4,

Expected Guat Factors Versus 5-min Steudy Windspeed
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Table B3, Gust Factors With Respect to the L=min Steady Speed, The
10-nee GF was caleulated using the ratio of the 30=xec to the 60-scc GF
12, Similarly, the 2-50c GF was caleulated using
the ratio of the 2-xe0¢ to the G0-3ec G values in Table 12,

vialuen piven in ‘lable

L =min
Speed
{knots)

20

10

40

' H1Y
(H¢] !

Ho

100

125

! 150
175

200

Gust FFactor (GF)

~N
T

TIME (sec)
aat

[<]
[
T

0.2+

o}

IRARES]

0.0%

0.02

1
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[N

\
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30=-3¢0 2-500
1, 0464 ! 1.3005
1.0416 ' 1.2814
1, 0365 ! 1, 2606
1,0331 1.2400
1.0315 ) J, 2207
1,0272 ! 1.1832
1.0227 1.1513
1,0190 1.1172
1,01 63 1, 00905
1. 0144 1.0705
1.0116 1, 0560
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! Figure 5. Expected Cust Factors Versus 1-min Steady Windspeed
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5 min, both in Table 12, These values are provided in Table 13, Analogous 30-sec
values, obtained by dividing the 30-sec gust factors by the (0-sec gust factors are ;
also presented in Table 13, tgure 5 is a plot of the values in Table 13. It pro-
vides a tool for estimating gust factors for durations down to less than a tenth of
A second,

The value of the gust factors obtained using Figures 4 and 5 is the best
estimate of a gust to usce for a windspecd which has a specific visk, considering
the many locations and synoptic situations typical of exposure of military equipment,
In some cages gusts will be higher, in others, lower, but the probability of a 2-gec
gust using these gust factor relationships will thus be about the same as the steady
specd decided upon,

3.1 \dditionul Considerutions

The emphasis in this report has been placed on the most common wind condi-

tions; however, there are other locally prominent situations for which general

applications would be unreliable, Wind llow in the lec of mountains represents one .
such gituation, These occur frequently during the winter months along the ecastern l
foothills of the Rocky Mountains and other areas of the world (Juli;\nz3 and [
l,ovillu) where moderately strong winds at low altitudes run into miountain bar- !
riers, Wind recorder charts during the storms of 16 January 1967 and 7 January

1969 at the National Center for Atmospheric Research (NCAR), Boulder, Colorado '

were reproduced in the NCAR Quarterly (Spring 1967 and May 1969), Steady winds
were nearly 50 mph (43 knots) for several hours while peak gusts were 110 to ;
125 mph (96 to 169 knots), It was not possible to resolve 1- or 5-min velocities
due to the slow speed of the recorder, but the gust factors, [requently greater than
2,00, were congiderably higher than any other strong winds studied, This ex-
treme gustiness from a lec wave in the foothills of a mountain barrier scem far
more gevere thaa gustiness on an isolated mountain peak, such as Mt, Washington,

— . ———

where steady winds are more severe, Designing military ecuipment to with-
stand such gust factors is not required, since gusts as strong as thesc are ob-
tained with the lower gust factors at higher steady winds availuble from the
climatology of typical windy areas,

Terrain differences can also produce large variations in windspeed. For
example, Santa Ana and Newhall wiuds of California occur when northly winds

23, Julian, 1., T, and Julian, I’. R, (1969) Boulder's winds, Weatherwise
22(No, 3),

24. lovill, J,E, (1969) Transport Processes in ()I"Qq%phicl“)' Induced
8p

Gravity Waves as Indicated by Atmospheric (Ozone, Atmo eric Science
Paper "No. 135, Colorado Slaie Univerally, Fort Collins, Colorado,
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are channeied into mountain passcs and valleys with a resultant increase in
velocity (Koutnickzs). Similarly, a change in wind gustiness can accompany a
change in wind direction. One such occurrence seems to be present in the data
sample used for this report, Figure 6 illustrates this change which occurred
during a typhoon at Kadena A3, Okinawa, As the storm approached, betwecn
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Figure 6. Windspeed Record (knots) During a Typhoon at Kadena AB, Okinawa,
2-3 October 1961, Figure 6(a) was taken with a NE wind as the storm approached,
and Figure 6(b) was taken after the wind had gradually veered to the SSE when the
center of the typhoon had passed

25, Koutnick, W, (1968) Newhall winds of the San Fernando valley, Weather-
wise _2_}_(No. 5):186,
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2000 and 2100 hr on 2 October 1961, the winds were out of the northeast and very

gusty; the mean 5-min speed was 60 knots and the mean gust factor was 1. 62,
When the center of the typhoon passed, the wind direction gradually veered to the
SSE and by 0600 to 0700 -hr on 3 October 1961, although the mean windspeed
was still very strong, 63 knots, the strong gustiness was not longer present—the
mean gust factor had dropped to 1,11, Wind records at nearby Futema MCAF,
Qkinawa during the same hurricane do not indicate any reduction in gustiness such
as shown in Figure 6. Since no reference to instrument damage was made on the
recorder chart, it appears that orographic differences were the probable cause,

f. BEHNAVIOR OF EXTREME RINDSPEEDs AND GUSTS RITH HEIGHT

A major problem with pooling the various inputs of wind data was the deter-
mination of the best method for adjusting windspeeds to a common height, Once
this relationship was established, it could then be used to describe windspeed and
gusts over the vertical extent of use of military equipment,

Wind flows in response to a difference in pressure in the atmosphere. These

!
pregsure gradients change slowly with altitude, and so for practical purposes, the {
changes within the layer for which equipment must be degsigned is negligible; vet ’
changes in speed with height through this layer are known to be quite great
because air motion near the surface does not obey the pressure gradient law, ,
Anemometers near the ground may be hardly turning, whereas those on tall '
buildings and towers may show moderately strong, gusty winds; kites may be dif-
ficult to launch, but once several hundred feet high, they fiy without difficulty,
Friction caused by terrain is one of the main factors affecting the vertical gradient
of the wind up to an altitude at which [riction is considered negligible, the gr:.dient
level, At this height, 1 or 2-thousand [t, the pressure gradient is said to be
dynamicclly balanced against two components involving rotation: (1) that of the
rotation of the earth; and (2) the curvature of the wind path, A theoretical wind

— . . ———

can he computed for isobars on a surface weather map which quite closely _ '
corresponds to observed winds at the gradient height,
The height of the gradient level and the velocity profile of the wind up to that
level can vary greatly, mainly due to the type of surface and the stability of the
air. Stability is chiefly a function of the temperature structure in the boundary
layer which can range from a super-adiabatic lapse rate (temperature decreasing
with altitude so sharply that air displaced .pward will continue upward because
it ie warmer than its surroundings), to a negative lapse rate or inversion
(temperature increasing with height and consequently air displaced upward
is cooler than its surroundings and tends to sink back to its original level).
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The inversion is a very stable situation during which fog and pollution is often

present, A neutral condition {adiabatic) is said to exist when the temperature lapse
rate is such that a parcel of air, displaced vertically, will experience no buoyant
acceleration, This report is concerned with the relationship during which very
strong speeds occur at the surface and for which equipment must be designed to
operate, In gencral, a neutral (adiabatic) lapse rate is established by the turbulent
mixing caused by these strong winds at the surface, simplifying the problem of
arriving at the most typical windspeed profile for very high speeds,

Basic equations for specifying windspeed and direction with altitude in the
boundary layver, originally developed for ocean depth, is termed the kman Spiral.
However, micrometeorologists who have been studying the energy transfer and
diffusion phenomena in the boundary layer, have found various empirical relation-
gships which fit windspecd data gathered at various heights above the ground. Two
general relationships, a logarithmic and a power law, have been ugsed. For thick
layers {(when heights are between several meters and about 300 m), wind profiles
21 28). This relation-

tend to obey a power law (DeMarris, 26 Johnson, and Munn

ship is normally used when neutral stability exists, The power law is the form
/ p
\IAN (H/Ho) (2)

where Vo is the windspeed at some reference level, Ho, and V is the windspeed at
the desired level, {, The exponent, p, is dependent on the atmospheric tempera-
ture lapse rate, windspeed and, to a lesse." extent, on ground roughness.

The exponent, p, averages between 0,1 and 0,3, but can range (rom near zero
to about 0.8. It is larger under a stable vertical temperature gradient and smaller
for neutral and unstable conditions; it decreases with increasing windspeeds and
increases somewhat with terrain roughness (DeMarraisZG). The typical value used
for pis 1 7 (equal to 9, 143) (Sherlockm). Early workers had already recognized
that this p value was applicable to typical steady or mean winds but not applicable
to gustiness, and Sherlock noted that gusts were better described with a value of
p 0.0625. Sheliard, 3 in reducing high windspeeds and gusts to a common height
of 33 t, used the power-law relationship with a p value of 0, 17 for mean speeds
and 0,085 for gusts,

26, DeMarris, G.A, (1959) Wind-speed profiles at Brookhaven National
Laboratory, J. Meteorol, 16(No. 2):181-180,

27. Johnson, (), (1959) An examination of vertical wind profile in the lowest
layc:'s of the atmosphere, J, Meteorol. 16(No, 9):144-148.

28. Munn, R.E, (1966) Descriptive Micrometeorology, Advances in
Geophysics, Academic Press, Nev York and London,
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It is difficult to determine appropriate p values for extreme speeds because
the majority of studies of wind profiles are made under regimes of light to

modcrate windspeeds; therefore, p values resulting from such studies may not be
applicable to extremely high windspeeds,

In one of the most recent reviews of this problem, Davenports introduced
the topic with the following summary of the average p values aud also the average
height above the ground of the gradient wind,

' Gradient
p Height (It}
Flat open country 0.16 900
Rough wooded country, city suburhbs 0.28 1300
Heavier builtup urban centers 0.40 1400

Since Davenport is most concerned about design of large buildings and struc-
tures, he also presented p values obtained from cities all over the world based
upon observations at different heights up to 1250 ft. These values are generally
0.3 to 0.4 and, if applied to anemometer heights of the data sample studied
herein to obtain operational and withstanding extremes, could lead to considerable
gradient in the vertical of the mean or steady windspeeds. The reason for this
is that they must show the increase such that the gradient which ts attained at the
gradient level will be the same as in the surrounding open country, Since the
winds in the lower boundary layer in the cities will be much weaker because of
the blocking of the buildings, a very large increase with height must be shown.

In fact, Davenport provides a comparison of maximum windspeeds on tall city
buildings with those from much lower anemometers of neighboring airports. The
airport speeds are considerably higher. Our problem is to arrive at the correct
p values for flat and open country when very strong steady winds are being en-
countered and for the various gust durations found applicable to equipment,

To get a better uppreciation of the probiem, a special study was made with
research data obtained by AFCRI.'s Boundary Layer Branch (I.YB) in connection
with diffusion and energy-transfer research, The study is summarized in
Appendix B, As noted therein, the surrounding terrain was fat and unobstructed,
Unfortunately, steady speeds up to only about 25 knots were obtained, considerably
lower than the values needed in establishing extreme windspeed relationships,

Figure Bl in Appendix B describes the pattern of decreasing p values as
steady speed increases and gust duration decreases as noted by Sherlock. 16
Except for the decrease of p with increasing windspeed, these values support
the practice in the United Kingdom of applying mean hourly windspeeds of
anemometers to other heights utilizing a p value of 0, 17, and using a p value of
0.085 for a 3-sec gust,
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Since our chief concern is how wind and gust varies during exceptionally
strong winds, no conclusions as to the appropriate p values can be made on the
materinl provided thus far, Unfortunately, there are few micrometeorological
research data available under such extremely strong wind conditions, Smith and
Singerm studied continuous wind recordings at four levels in one case and three
levels in another to altitudes of roughly 400 [t during the passage of two hurricanes
near micrometeorological towers at Rrookhaven, New York., (me-minute averages
and 2-sec gusts were obtained continuously for about 20 hr in each case,

Table 14 has been prepared from the mean 1-min and mean peak gust data,

It shows the p values very much higher than were expected when the heights used
in the power expression are those of the anemometer above the ground, A review
of the situation indicated that the meteorological data tower is surrounded by
gcrub pine with an average height of 30 ft.  Therefore, the p values obtained with
30 ft subtracted [rom the actual anemometer heights has also been included in
Table 13. These are much closcr to the typical values suggested for flat areas;
however, differences are not as great as would be expected, cspecially on the
basis of the Sherlock, Shellard, and Gringorten data which are for nominal speeds,
No explanation can be provided,

One of the best sources of high wind speed data at various levels was the
Avrgonne National I.aboratory Fifteen-Year Climatological Summary (Moses and
Bognerzg). Table 87 in that summary contains the maximum windspeed (gust)
recorded each month f[rom 1 January 1950 through 31 December 1964 at the 19-
and 150-ft levels of their meteorologically instrumented tower in Argonne,

Nlinois, Gust speeds up to 62 mph were recorded at 19 ft, and up to 86 mph at

Table 14. Power l.aw Exponent, p, for Hurricanes Carol and Edna (based on
2 hr of 1-min and 2-sec speeds measured at the Brookhaven Laboratory, N.Y.)
Values in parentheses obtained when average height of surrounding scrub pine
30 ft, is subtracted ’

Carol Lidna
37/355 1t (71/325 ft) 37/410 1t (7/380 It)
Average of 1-min Speeds 0.310 (0, 182) 0.326 (0,197)
Average of Max, 2-sec
Speed ~per-Minute J 0,233 (0,137) 0, 236 (0.142)

—

29, Moses, H, and Bogner, M,A. (1967), Fifteen-year Climatological
SnmmaqI Jnnmr; 1, 1850-December 31l 1964, Argonne Natlonal !.a&rn!ory,
uPage County, Argonne, nois, - . Argonne National Laboratory,

Argonne, Nlinois,
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termined that only threee of the 180 monthly maxtmum wind paies did not occur on

I private communications with My, Moses and hig co-workers, we de-

the same dav,  For the remaining 177 pairs the exponent, p, was determined fron

the wind peefile power luw
, . B
v m/\ 150 (19/150)

where Vw and \.150 ave gust speeds obscrved at 19 and 150 t, respectively,
Pigure T shows the computed p values plotted againat the 18-t windspeed for the
177 pairs, The digpersion of p values for a given sapeed is quite large; however,
the average p values plotted by S-mph increments (the x's) decreases relatively
amoothly for 19-ft gust speeds up to 55 mph, Such a wide spread of the data
sigmifies that the derived relationship may be valid in the mean, but could have
poor correlation in individual cases,

Figure 8 is a sopavate plot of the mean p values with the sample size for each
catepory shown next to each point,  Followine the seneral decrease in p values
with increasing wind apeoed up to 35 mph, there i« a sharp increase in p for the two
highest windspeed intervals, [t cannot be determined i this unexpected increase is
veul or {f it is the result of the small sample size at the higher speeds, T'he
relative dispersion of p values around the plotted means is imdicated by the stundard
deviation by H-mph intervals (the dot-dash curve on the left),

Also shown in Figure 8 ave the curves of best linear fit (correlation coefficient
r -0, 20) and best quadratic fit (r 0,2 to the total data sample, Equations lor
the curves are:

P 0.164 -0,00118 V ()

and

)
p 0,388 - 0,0120 V19 + 0,000127 VXO . (4)

The linear ecquation has the drawback of a zero p value at about 140 mph, becoming
negative at higher speeds, a result that is neither logical nor borne out by

mear remenis, Although the quadratic equation appears to fit the data better

and his a higher correlation coefficient, there is no physical reasoning to support
a continuously increasing exponential value with increasing windspeed at speeds
greater than 47 mph, It was decided that the best compromisc is to fit a hyperbola
to the data, depicted in Figure 9, forcing p to infinity as the 19-It gust speed

T ——— —— ——
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approaches zero and allowing the data to determine the best vertical p

nsymptote, The resulting equation is

P0.TT ¢ LBEV,,

where the limiting p value approaches 0,077 ad \’w (mph) becomes vory
large; however, the vorrelation is still quite low, 0,24, due to the dis-
persion of the data points, This p value {8 close to the value Sherlockm
suggested, 0,0625, in conjunction with gusts,

The Argonne National I.aboratory alio observed gust speeds at the
75-Mt level on their instrumented tower, but did not tabulate the maximum
monthly speed at this level. In a private communication, we obtained a
few gust maxima for the 75-ft level, [live of which could be matched
(within 3 min) to maximum gusts at the 19+ and 150-ft levels ligted in
Argonne's Table 87 (Moses and Bogner29). Co nputed p values for various
levels are shown in Table 15 (19-ft windspecds ranged from 52 to '
G4 mphl, f

Specilic conclusions cannot be drawn from the previous small sample,

It illustrates how the p vaiue i3 highly variable and is dependent upon ‘
both the altitude increment and {ts height above ground, Consequently, '
generalized values for the entire houndary layer may not even be appli- !
cable to the height of most standardized military equipment which will
not extend more than a few hundred feet,

Table 99 of the Argonne National Summariles presents a percentage
frequency of p values versus the 10-min averaged windspeeds measured
at 19 ft, The period of record for this Table is 1 January 1961 through
31 December 1964, It contains about 35, 000 hourly observations, Ior
19-It windapeeds greater than 24 mph (the highest speed class interval
presented), the medfan p value is about 0, 125, Based on this informa-
tion, it was deciued that for converting all windspeed data in this report
to commen heights, the power-law relationship will be accomplished
with p values of 0,125 for 1-min mean speeds up to 50 knots which
will be shown to he applicable to operations, A value of 0, 080 will be
used for 1-min mean speeds greater than 50 knots (applicable to
"withstanding’' extremes) as well as for all gust speeds, The appro-
priate conversion factors are presented in Table 16,

- — e ——
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19-ft Gust Speeds Approach Zero
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Table 15, P Values for Five Cases Between 19~, 75-, and 150-[t levels

|
l
— - S— - !
!

Be tween RBetween Between
19and 75 1t 75 and 150 ft 19 and 150 1t
| 29 August 1955 0.1398 0.2125 0. 1642
4 July 1957 0,0653 0.1375 0.0895
27 March 1961 0, 1650 -0,0395 0. 0964
30 April 1962 0, 2062 0, 1500 0.1874
19 June 1964 0, 2004 0,1225 0,1742
Mean: 0,1553 0,1166 0, 1423
t
k¥



Table 16, Factors te Convert Wind Speeds at 10 ft Above Ground to
Wind Speeds at other leights Hased on the Power Law Relationship
Vi/Vig pt  (H/10ft)P (Use reciprocal factors to convert from height

H to 10 1)
o Height W
i It (meters) PP 0,125 P 0,080 ox
5 (1.5) 0,917 0.946
10 &) 1. 000 1.000
20 (6) 1. 090 1,057
30 (9) 1. 147 1,092
40 (12) 1.189 1,117
50 (15) 1.223 1.137
75 (23) 1. 286 1.175 |
100 (30) 1.334 1,202
125 (38) 1.371 1,224
150 (46) 1.403 1,242
200 (61) 1,454 1,271
250 (76) 1. 500 1.294
300 (91) 1.530 1.313
350 (107) 1.560 1.329
400 (122) 1. 586 1.343
500 (152) 1. 631 1.367
600 (183) 1. 668 1.388
700 (213) 1,701 1.405
800 (244) 1.729 1,420
900 (274) 1.755 1.433
1000 (305) 1,778 1.445

#  For use with 1-.nin steady wind speed up to 50 knots,

“#*  For use with 1 -min steady wind speed greater than 50 knots
as well as for all gust speeds.
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30 RIND ENTREMES APPLICABLE 10 DENGN FOR SORLDRMDE OPERATHINS
AND RETHATANDING

Unless otherwise noted, windspeeds in this section will apply to a height of
10 ft above ground., All data used were reduced to that height using the power-
law relaticnship described in Section 4, The factors in Table 16 can be used to
convert the 10-ft winds to other heights.,

Directly recorded data for record wind extremes are very rare due to damage
or destruction of the wind measuring instruments, power outages, etc,, during
the event, After the passage cf severe weather phenomenon such as tornadoes,
typhoons and hurricanes, there are numerous reports in the newspaper or other
media, of very high wind speeds (up to 200 mph), but attempts to obtain the
meteorological records substantiating such reports invariably indicate that the
speeds had been estimated, perhaps exaggerated. Thesc estimates have somu-
times been calculated from the amount of {orce required to blow over a building or
tree, to overturn an automobile or to drive a metal rod through a wooden post,
Since the reliability of such reported speeds are unknown, they have not been used
in this report, Even estimates from meteorological sources have been excluded
unless the speeds were at least observed on a visual indicator, if they were not
actually recorded,

3.1 Record Nind Extremes

Since the policy for MIL.-STD-210R is that extremes be applicable to general
areas rather than specific point-type locations, mountain-peak windspeeds,
tornadoes and orographic funneling situations have been excluded., A few out-
standing examples of these are presented in this section for general background,
If the designer expects his equipment to be used in such locations, a special wind
study should be tailored for the installation,

T'he recognized worldwide maximum windaspeed measured at a surface station
is a 5-min speed of 188 mph (163 knots) and a 1 -sec gust of 231 mph (201 knots)
measured at the Mt, Washington, N, H. Cbservatory on 1Z April 1934. These
were later corrected to 204 mph (177 knots) and 225 mph (195 knots) reapectively
(Pagluica et al°%). The Mt. Washington Observatory is 6262 Nt above MSL and
the anemometer was mounted at 38 ft,

Mt. Fuji, vapan (Elevation 12, 375 ft} is also known for its windiness. Ina
23-year record, a maximum 30-min windspeed of 141 knots was observed in 1942,
Gust speeds were unavailable from this location,

30. Pagluica, S., Mann, D.W., Marvin, C.F. (1934) Monthly Weather Review

2:38.

e

e,

L —




Tornado winds also are excluded from military design criteria because they
are congidered to be too localized. No wind measuring device has ever survived
the full fury of a tornadic wind, although speeds up 120 mph have been observed
in close proximity to tornndoes: Some authorities have suggested that winds

31

could exceed 300 mph (Huschke™ '), It has been estimated that winds in localized

32

regions of the funnel may reach peak speeds close to the speed of sound (Battan™ ©),

3.2 Highest Recorded Winds \pplicuble to MIL-sTD-2108

Excluding the Mt, Washington extremes, the highest known windspecd was a
180-knot gust observed (on a visual readout) at Thule AFB, Greenland during a
severe arctic storm in March 1972 (Stansrieldss). The gust was measured by an
Aerovane anemonicter mounted on top of a phase shack (shelter hut) ut a height
of about 30 ft, with a remote readout indicator at a BMEWS site. The phase shack
is located at the base of the Greenland Icecap in a valley hetween two small
mountain ranges leading to Baffin Bay. The additional speed due to the gravita-
tional downslope flow of the ice-cap air mass being fu:nii. led into a valley makes
such a location ideally suited for sustaining exceptionally high windspeeds as
severe cyclones (often exceeding hurricane intensity) move northward over Balfin
Ray. It was in such a storm that the phase shack experienced winds of 120 knots
or greater for 4 hr during which the record gust of 180 knots was observed, It is
of interest to note that at Thule AB (located in the same valley, only 5 n mi awsy),
a maximum gust of only 96 knots was cbserved during the storm, This example
emphasizes the extreme variability which can occur over short distances,

The maximum gust apeed that has been recorded is 152 knots (height, 30 ft,
corresponding to 119 knots at 10 ft), It occurred during a typhoon that passed
over |wo Jima AB, Volcano Islands in 1948, The maxin:um recorded sustained
wind is a 5-min speed of 131 knots measured at a height of 54 ft (corresponding to
119 knots when corrected to a 1-min speed at 10 ft) at San Juan, Puerto Rico,
However, a wind of this magnitude appears to be an extremely rare occurrence
for San Juan, Ina G9-year record, the next highest annual 5-min sustained winds
were only 104, 78, T0 and 61 knots.

The extremes cited above should not be considered the highest ~inds that
have occurred. Higher speeds most certainly have occurred, but they merely

31. Huschke, Ralph E. (Editor) (1958) Glossary of Meteorology. American
Meteorological Society, Boston, Massachusetta,

32, Battan, 1..J. (1961) The Nature of Violent Storms, Anchor Books,
Doubleday & Co., Inc.,, Garden Clly, New York,

33. Stanafield, J.R. (1972) The gsevere arctic storm of 8-9 March 1872
at Thule Atr Force Base, Greenland Weatherwise 25(No. 5):228-233,
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have nut been recorded due to theie devastating damage or abgence of wind
matrumentation,

The highest windapeeds affecting stzable areas occur within tvphoons that
pasa over the falands of the Weatern North Pacific Ocean, Of these, Typhoon
Naney was the most intense typhoon ever observed by the Joint Typhoon Warning
Conter QFIWCEY ainee {ta inception in 1945, During the peak intensity of Typhoon
Naney, theve were five consecutive alr reconnatssance observations during the
periad 0230 Z, 10 September to 1630 72, 12 September 1961, each of which in-
dicuted reliable extimated maximum surface winds of 200 knots, However, the
total analvsis of the storm must have indicated a somewhat lesser intensity
becaude the JTWC officially reported the maximum surface winds to be 185 knots
from 11 1200 % to 1270600 2 (JTWC ),

Windspeeds determined by aerfal reconnaissance are considered to be steady
winda with averaging times corresponding te a duration of several minutes, One
of the primary methods used for estimating surface windspeeds is [rom the state
of the gea, such as size and number of white caps, coler, etc. Other methods ‘
{ncorporate measurements from deppler radar and sea-level pressure measuring
dropsondes, This latter technique was probably used for the 200-knot estimates ,
cited nbove since, in such an intense storm, low-level penetrations needed to I
determine the state-of-the -sea are not made,

For documentation, it is assumed that the highest sustained wind speed i
affecting a sizable area of military concern was the 185 knots (sustained for a
duration of several minutes) that was calculated during Typhoon Nancy, Assuming .
this to be a 5-min steady wind, the most probable 2-sec gust expected to accompany
this suastained wind would have been 204 knots,

33 Opecational

Military equipment sensitive to wind forces, such as ships, and aircraft
{during takeoffl and landing) rotating radar antennae, etc., must be able to operate
in a reagoably strong surface wind, but it would be unreasonable to expect opera-
tions during extremely infrequent winds of say, hurricane force, even though the
equipment should be able to withstand fairly rare extremes, \ind currents are
often very localized, especially in rough terrain; hence, it is difficult to obtain
specds of var lous risks for the entire earth in order to select the windiest
locaticns over which military operations are considered possible, Maps of the
1-, 21/2-, 5=, 10- and 20 -percent probable 1-min steady wind speeds, based
upon observations at major weather stations, are available for North America

—— S — sttt

34. Joint Typhoon Warning Center (JTWC) (1962) Annual Typhoon Report
1061, FWE/JTWC, Guam,
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for every third n-onth (GRDBS). Because of strong dependency of windspeed on
height above the ground at which it is measured, data for these maps were
1. uced to 10 ft, the level in MII.-STD-210A considered applicable to equipment.
Maps in this publication for the windiest month, Janvary, for 1, 5, and 10
percent risk are presented as Figures 10, 11 and 12. The Great Plaing, Aleutians,
and coastal Canada's maritime provinces are noted for strong winds, This is quite
apparent on the maps, If these were the windiest locations in the world of military
interest, and a 1 percent risk were acceptable for inoperability, an extreme of
35 mph (or slightly higher) would be selected for the 10-t level, A 10 percent risk
would drop this to 25 mph. For areas with lesser winds, say, New England and
Canadian Pacific coasts, a 25-mph speed is a 1 percent risk,
Stronger winds than those discussed for North America occur along the northern
const of Scotland and nearby islands, A survey of wind statistics over England
(Shellard’) reveals that Stornoway, Scotland (58° 13'N, 6° 20'W, altitude 11 ft,
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Figure 10. 1 percent Calculated Risk Steady Windspeeds (mph) at a
Height of 10 ft, January (GRD, 1860)

35. GRD (1960) Wind, Chapter 5, Handbook of Geophvgica, AFRD, USAF,
MacMillan Co., New York,
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Figure 11. 5 percent Calculated Risk Steady Windspeeds (mph) at a Height of
10 ft, January (GRD 1960)
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Figure 12, 10 percent Calculated Risk Steady Windspeeds (mph) at a Height
of 10 it, January (GRD, 1960)
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anemometer height 36 It} is typical of the general area with strongest winds, and ;
December is the windiest month, Frequency distributions are available for 10-min
averaged observations which are tabulated hourly. Another nearby station of
interest ig lLerwick, Scotland (60° 08'N, 01° 11'W, altitude 289 ft, anemometer
height 37 ft),
The published 10-year, percent frequency distributions of hourly observations
for the windiest month, December (other winter months are only slightly less
windy), for these two locations, averaged over 10 min and corrected to a common
height of 10 m (33 ft), are:

Speed (knots) <4  4-6 7-10  11-16 17-21 22-27 28-33 34-40 >40

Stornoway 6,6 5,0 10,9 22,4 18,1 17,2 11.1 6.4 2.3
{percent)
Lerwick 7.9 6,2 12,8 18,1 19,7 15,9 13.4 5.1 0.9
{percent)
Converted to cumulative percent frequency exceeding the lower limit of each '
class these become: [
Speed (knots) O 4 7 11 17 22 28 34 40 ’
Stornoway 100 93.4 88.4 77.5 55.1 37,0 19,8 8,7 2.3 '
l.erwick 100 92,1 85,9 13,1 550 353 19.4 6,0 0,9 .

These [requency distributions show that Stornoway is slightly windier than Lerwick,
To compare the winds at these Scotland locations to the values shown in
Figures 10, 11 and 12, the 1-, 5- and 10-percent high windspeeds were [irst de-
termined by plotting the distributions given above on probability paper. These
* 10-min averaged values must now be converted into 1-min speeds,
It was shown in Section 3 that gusts of several seconds can be represented by
a multiple of the stecdy wind, the gust factor, which decreases as the steady wind
increases, The ratio of the maximum 1-inin speed to the speed averaged over
10 miu can also be congidered a gust factor in relation to speeds averaged over longer
time periods, Durst8 found that such long-time averaged gust factors were not
especially sensitive to the steady speed in his sample which included speeds up to
. 42 mph., He determined that a value of 1, 17 can be used to convert the 10-min
' values to l=-min speeds, His factors for shorter time intervals were comparable
to those given in Table 7 in the speed intervals of 30-49 knots. This 10-min
factor was used to convert the Stornoway and Lerwick data to 1-min speeds
resulting in the following values:
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' 1-min Speed (knots) at 33 ft

Probability (percent) 10 5 1
Stornoway 10 min 33 36 43
1 min 30 42 50
Lerwick 10 min 30 34 40
1 min 35 40 47

When reduced to a height of 10 ft by use of the power~-law relation given in Section 4,
and converted to mph to make them comparable to the values at the centers of wind
maximum in Figures 10, 11 and 12, the following comparison can be made:

1-min Speed (mph) at 10 ft

Probability (percent) 10 5 1
) Stornoway 3s 40 48
Figures 10, 11 and 12 25+ 30 35+

' Evidently, low probabilit; winda over the Scottish coasts are about 12 mph

¥ (10 knots) higher than the windiest North American area, and the speed of 43 knots

at 10 ft seems appropriate to the 1 percent risk windiest month value for which

military equipment should be designed. Values of 36 knots and 33 knots at 10 ft,

associated with 5 percent and 10 percent risks, respectively, can be considered

when the | percent goal is shown to be impractical (too costly or too cumbersome),

) it should be noted that special consideration has not been given to the "roaring

d forties" in the Southern Hemisphere which may have extremes exceeding those
presented above, This area was notorious for windiness during the days of com-
mercial sailing., Since there is little land area in this belt ol atrong winds, the
area should not be important for ""land" operations; however, it certainly merits

* special consideration when investigating extremes for the '"Naval Surface' portion
of MIL-STD-210B.

The design criteria for winds for military operations is the steady wind rather
' than short pericd gustiness, but the system designer must be aware of the gustiness
; which occurs concomitantly with the steady wind, To determine the most probable
i gust expected tc accompany the 1 percent (5- or 10-percent) steady speeds of
; 43 knots (36 or 33 knots), the procedures outiined in Section 3 must be employed,
’g It should be emphasized that it {s not the gust that occurs 1 percent of the time,

but rather, it {s the median gust that will be present in conjunction with the 1-min
steady speed which occurs 1 percent of the time.

It was shown in Section 3 that the structural response to wind gusts depends
on the downwind dimension of the object, For example, if one were designing a
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25- by 40-t shelter, the most dynamically effective gust which could be expected
to accompany the steady wind would have a gust length of 200 ft (8 times the shortest
dimension, 25 ft), For the 1 percent speed, 43 knots (73 fps), the gust duration
would be about 3 sec. From Figure 5, the expected gust factor for a 3-sec gust
on a 43-knot 1-min steady speed is 1.23 resulting in a gust of about 53 knots., These
values are applicable at a height of 10 ft, If the effective height of the shelter were
determined to be 20 ft, these speeds should be converted, using Table 15 to a steady
speed of 47 knots (1,09 x 43 knots), with a gust of 56 knots (1,057 x 53 knots),

For easier use by systems designers, gust speeds have been provided in
Table 17 which are "scaled" to several sizes of equipment such that gust duration
is sufficient for the gust to build up full dynamic force on the object, Since most
equipment will not be installed with any special regard to the direction from which
the extreme windspeeds will blow, the designer should design as {f the shorteat
horizontal dimension of the objec* would be the downwind dimension,

Table 17. Operational Wind Extremes (based on Stornoway, Scotland): 1-, 5- and
10-percent probabilities of 1-min Steady Wind Speed and Associated Gusts., All
speeds are in knots and apply to a height of 10 It

. t——— f— i,

1 -minute Most probable gust to accompany 1-minute
Probability steady ateady speeds for various sized equipment
speeds (ghortest downwind dimension),
(knots) 2n 5t 10 ft 25t 50 ft 100 1t |
( Percent) (knots) | (knots) | (knots) | (knots) | (knots) | (knots) !
43 62 59 56 53 50 48
5 36 52 49 47 44 42 40
10 33 48 45 43 40 38 36
"

3.1 Nithstunding

e e —— ——an e

In addition to being able to operate under wind conditions outlined above, equip-
ment must also be able to withstand, without irreversible damage, that windspeed
which can be expected to occur, with a 10 percent probability, during the projected
field life termed "expected duration of exposure' (EDE) of the equipment at the
area of the world subjected to highest windspeed extremes (10 percent probability
of irreversible damage during the EDE was considered acceptable in the views of
the JTS (SAES), as noted in the Background, Section 2).

For values applicable to equipment which must not be destroyed by the wind
during several years exposure, annual extremes for many years are required for
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application in extreme theory models. The cumulative frequency distribution of
these extremes have been shown to fit the model made popular by (}umbel36 and
further explored by Gringorten”. Means and standard deviations of the annual
extremes serve as a bagis {n this model of extremes, To determine 10 percent
probability risks for field lile exposure of up to 25 years, periods of record of
25 years or more are needed to reliably depict the double exponential distribution
of extremes, Using thia model, speeds determined for return periods of about
20, 50, 100 and 250 years are comparable to 10 percent risk within the
expected field exposures of 2, 5, 10, and 25 years, respectively. (A more
precise cstimate of a 10 percent risk within a given period ia pussible, but
resulting dilferences are negiigible,) For example, a landing-aid antenna with an
expected field life of 10 years should be designed for a speed that is attained only
once {n about 100 years, the return period, However, in using the model to ob-
tain distributions for extremes, a standard deviation based on only a few years
could be so unrepresentative of the true standard deviation that the 100-year retum
period speed could be eftherr double or half that which would be obtained iI the
perind of record represented the true distribution, Probably the best available
data for this problem were carefully-edited annual extremes of 5-min speeda at
25 U. S, observatories for 37 concurrent years (Court‘). Only records of stations
with anemometers below 100 It which were not changed by more than 10 ft during
the period of record were treated with the extreme analysis theory, The 20-, 50-,
100-, and 250-year return period values for the ten stations with highest 250-year
return periods are provided in Appendix C, Table Ci, Coastal stations predominate
because of the direct impact on them of tropical and very strong extra-tropical
storms which develop their greatest strength over the oceans, The largest return
period extremes are from Atlantic hurricane locations, the shorter return period
extremes are from extra-tropical cyclones, Since Pacific typhoons are known to
be stronger than Atlantic hurricanes, the search for the area in the world sub-
jected to strongest annual extreme windspeeds was focused on data from the typhoon
belts on the Pacific Islands and Asian coast.

Previous searches for the areas ol extreme windspeeds, such aa those for the
Corps of Engineer's AF Manual No, 88-338, show that the worldwide highest wind-
speeds occur in the center of the typhoon tracks of the North Pacific, To insure

36. Gumbel, E.J, (1958) Statistics of Extremes, Columbia University Press,

New York.

37. Gringorten, I.1. (1960) Extrems Value Statistics in Mﬁ”?loF—A
Method of Agétcutton, AFCRC-TN-60-442, [N , Hedlord, Massachu-
setts,

38. Departments of the Army and the Air Force (1866) Load Assumptions for
Bulldlnn, Technical Manusl No, 5-808-1, Air Force Manual No, B88-3, Eﬁiﬂer 1.
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that no other locations had been overlooked, the Alr Morce's Lnvironmental
Technical Applications Center (ETAC) was usked to provide {nformation which had
been uncovered for earlier worldwide, high-wind searches, Appendix ¢, Table C2,
In addition, ETAC was asked to provide listings of annual extremes of sustuined
and gust speeds for udditional locations suspected of high extremes, The means,
standard deviations and 10 percent risk speeds for 2, 5, 10 and 25 years for

' many of these stations are given in Appendix ¢, Table C3, The results confirmed
the previous findings. The Volcano Islands (for example, Iwo Jima) and Ryukya
lalands (for example, Okinawa) had the highest withstanding extremes, with a few
stations in the Aleutian Islands running a close second,

One of the most severe typhoons to ever hit lwo Jima occurred {n'1885, The wind
acnsor and/or the recorder were not operational during the most intense part of the
storm. The maximum 1-min steady speed was estimated to be 130 knots with the maxi-
mum gust estimated to be 175 knots at a height of 35 ft (corresponding to 111 knots with
a maximum gust of 158 knots at a height of 10ft), However, as stated in the beginning

-

—

-

o e < e

oon gregn

of this section, such estimated winds are not acceptable and, therefore, were not
included in the data determining the means and standard deviations for Iwo Jima,
On the other hand, to exclude data representing one of the most severe storms on
record would be an unwarranted bias., To alleviate this sityation, the second
higheat annual apeeds (1 -min steady of 107 knots and gust of 139 knots at 10 ft)
were substituted for the 1955 estimated speeds, The resulting distribution is shown
in Table C3 for Iwo Jima along with extreme wind distributions for other selected
locations,

Unfortunately, the stations having the highest extremes have only about
20-year periods-of-record, falling short of the goal of at least a 25-year period-
of-record. Therefore, these design extremes for winds may not be representative
of the true distribution and should be considered again whan five or more years of
record become available,

Although Naha, Okinawa and Iwo Jima AB are about 900 miles apart, the
10 percent risk probabilities are very similar as can be seen [rom the data in
Table C3, In the procedure for determining the return prriod extremes the high,
mean annual gust speed at Naha is compensated for by the high standard deviation
at Iwo Jima. Since each station had only 19 years of maximum annual gusts, con-
sideration was given to combining the two samples if they were independent and
representative of the same general wind extreme area. Desgpite their spatial
separation, the correlation coelficient for their 14 common years, 0,44, was too
high for such a treatment, Cumulative Irequency distributions of the gusts for
the two locations were plotted on extreme probability paper, Figure 13. Based on
the means and standard deviations of the data, the straight lines, depicting the
double exponential distributicn of 2-sec gusts for the two stations are also shown,
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Figure 13. Probability Plots of Maximum Annual Gust Speeds at Iwo Jima and
Na )

Analogous to normal probability plots, a double exponential distribution becomes a
straight line when plotted on extreme probability paper, The line passes through
the mean probability (0, 5772 for this type of distribution) with a slope which is
determined by the standard deviation of the distribution,

Since Iwo Jima and Naha had essentially ilentical return period gust extremes
and there were no eatimated windapeeds in the Naha record, Naha was chosen to
be representative of the North Pacific typhoon belt and was used to establish the
withstanding extremes for MIL.-STD-210B, To scale the gust speeds to various
sizes of equipment, similar to that in Table 16 for the Operational Extremes, the
1-min steady values for return periods of 20, 50, 100 and 250 years must be
known, For many stations, including Naha and Iwo Jima, ETAC's data give the
annual maximum l-min steady speeds. Based on Nahe's average annual 1 -min
maximum speed of 53.4 knots and standard deviction of 15,3 knots, the 10 percent
risk probability for 2, 5, 10 and 25 years are 82, 93, 101 and 112 knots,
respectively. Assuming that the annual maximum gust occurs during the annual
maximum 1-min steady wind, the resulting gust factors are extremely high for
such speeds, For example, based on the annual extreme data the median gust
factor for Naha was about 1,65, whereas the data presented in Section 3 show that
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for 1-tn steady apeeds of 80 knots or more, gust factors of lesas than 1,2 would
bhe expected,  The caune of thir digcrepancy was the manner in which the " maximum®”
steady values were recorded, as described below, The peak gust of the day is
recorded {n column 71 on WBAN 10 (the woeather observation form in convmon usage
for the NWs, Navy and Air Forcee), This value s determined by scanning the strip
recovder chart, Since there {8 no cotumn for the maximum stewdy speed, this value
wan retrieved from the archives by scanning the observation sheets for the hicheat
steady speed listed on that form, When u "record" (hourly) or "specinl" observa-~
tion {s made, an eye-averaged, or l-min speed ia determined for a representative
period of the observation and listed on the WHAN 10, Ad far as poasible, this
representative speed {8 not tu be taken during periods of extremes, either high or
low. Therefore, the highest 1-min asteady speed asasociaicd with the peak gust
(that {3, the average for 30-sec either side of the peak speed), is not necessarily
recorded on the WBAN 10 and may very well have been lost,

The nomogram in Figure 14 shows the expected relationship between the 1-min
atendy speeds and the 2-sec gusts, This curve was derived [rom the 2-sec gust
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Figure 14. Expected 1-min Steady Speed to 2-sec Gust Relationship
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factors given in Figure 5. Naha's 2-scc gust extremes (shown in Appendix ()
were then used in I'gure 14 to determine the 1-min steady wiinls (instead of the
reverse procedure) so that the design qusts could be scaled tu equipment sizes,
The resulting 10 percent risk 1-min speeds for Naha, Okinawa for lield exposure
of 2, 5, 10and 25 yrs are 119, 140, 156 and 176 knots, respectively.

Following the sume computational procedures as vutlin.d in Section 5, 3, the
deaign speeds recommended for the worldwide withstanding extremes are given

in Table 18,

Table 18, Withstanding Wind Exiremes (Based on Naha, Okinawa): Scaled Gust
Speed . and Associated 1-min Steady Speeds for 10 percent risk with 2-, 5-, 10-
and 25-year kapuocted Duration of Exposure (EDE)

 evrese——— — e e
EDLE 1-min Gust to be agsociated with the shortest
steady downwind dimension of equipinent
speed 21t 51t 10 1t 256t | Soft | 100 M
(years) (knots) (knots) | (knots) | (knots) | (knots) | (knots) | (kno -}
- B R - 4
2 119 149 144 141 137 134 132
5 140 169 164 162 158 155 152
10 156 184 180 177 173 171 167
25 176 202 198 196 193 190 187

6. RECOMMENDATIONS

(1} Equipment designed for worldwide surface level deployment must be able
to operate when the steady wind at 10 It is 43 knots and gusts are 48 to 62 knots,
depending upon horizontal dimension of equipment (Tuble 17), Steady winds and
gusts for other heights may be obtained [rom Table 16, Values for greater risks
are also provided in Table 17,

(2) Equipment designed for worldwide surface level deployment must also be
able to "withstand', without irreversible damage, steadv speeds of 119, 140,
156, and 176 knots at 10-ft height for estimated durations nf exposure of 2,

5, 10, and 25 years, respectively. Gusts associated with these conditions
could be as high as 202 knots, depending upon the horizontal extent of the equip-
ment as indicated in Table 18, The vaiues foi’ other heights may be obtained by
using factors in Table 16,

(3) Ice loading should not be added to the loads resulting from the wind
extremes recommended above since extremea herein will occur at temperatures

above [reezing.
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Appendix A

Response Times of Operational Wind lnstrumentation

Nefore one can evaluate the statistics of windspeed recorder data, it {3 neces-
sary to determine the capability of cup and propeller anemometers to record short
duration gudats, Approximately 85 percent of the data studied in Section 3 of this
paper was recorded by a Friez Aerovane wind-velocity recording system which haas
u propeller as the speed sensor, This anemometer is used at a majority of Air
Force tnatallations, .\lzutznrt.*llul ntudied the regponse characteristics and the
overall performance of seven Aerovane speed sensors, He concluded that nearly
all the tranamitters were {n good agreement after they had been used under severe
conditiona for long periods of time, so0 that degradation of equipment used in opera-
tiona should not be an important influence, Most of the remaining 15 percent of the

observations were recorded from 3-cup generator-type anemometers, Ramnch«ndmn2

and ¢ rounera have studied the response of cup anemometers,

All generator-type anemoumeters are nrone to errors caused by highly fluctuating
wind conditions. I\Iazzamllml gives the error as less ‘han 1 percent for winds
fluctuating + 14 percent around the mean, anachnndr;m2 states that ""transient and

1. Mazzarella, D, A, (1854) Wind Tunnel T« ls on Seven Aerovanes, Rev,
Sci,_Inst, 25(No, 1):63, -

et

2. Ramachandran, S. {1968) A theoretical study of cup and vane anemometers,
Quart, J, Roy, Meteorol, Soc, (l.ondon) 95:183,

3. Crouser, I, H, (1 687) Notes on Wind Measurement, Technical Memorandum
WRTM ENDL.-2, U,S, Dept, «* Commerce, ES3A,
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fluctuating wind conditions show that a considerable amount of attenuation of the
amplitudes of gusts, a large exaggeration of mean readings and a distortion in the
gust shapes occur, Tkhe nonlinearity in the responae characteristics of the
anemomcters g responsible for these results,'

The reaponse of cup and propeller anemometers is analogous to that of
thermometers and other lirat order response instruments with the exception
that instead of having a time constant as the basis of reaponse, these instruments
have a digtance constant. The distance constant, used in conjunction with the
“characteristic response function,' (1-1/e), represents the length of wind which
much pass the propeller (or cupa) for the anemometer to indicate 62, 8 percent of
a ster-chnnge h:_) speed, The distance constant for the Aerovane is about 15 ;t
(Gill” and Slade”) and about 26 ft for the typical 3-cup anemometer (Crouser™ and
Sladeb). Experiments huve shown that over the normal range of atmospheric
gpeeds, the distence constant, 1., {s independent of windapeed, u., Consequently,
since L - uv, the time constant, 7, is inversely proportional to the windspeed,
This means the greater the step-increase in windspeed, the faster will be the
response, Thia relationship is shown in Figure Al which presenta the percent of
=eaponse versus elapsed time for anemometers with 15- and 26-ft distance con-
stants. This [igure shows that for step-increases of 20 knots or greater from a
calm condition (neglecting starting friction), 98 percent of the increase will have
been sensed within 2 sec for the Aerovane and within about 3, 5 sec for the cup
anemometer,

The response of these anemometers also depends on the speed of the steady
wind upon which the gust is imposed. The higher the steady windspeed, the faster
the response will be as shown in the following equation (Crousers):

Vi 7 Vy - (Va=V ) exp ('V2'/0- 8L) (A1)
whoere
V, - the instantaneous windspeed, knots, at elapsed time t,

i
V, : the original speed (assumed to be the mean speed), knots,

Vg = the linal speed (assumed to be the peak gust), knots,

1. = distance constant (ft),

4. Gill, G,C, (1837) On the dynamic response of meteorological sensors and
recorders, Proceedings of the First Cenadian Conlference on Micrometeorology,
Part I, Motooroloacn‘ Service of Canada, Toronto, Canada.

5. Slade, D, H. (Editor) (1868) Meteorology and Atomic Ener 1968 ,
United States Atomic Energy Commiasion, bl#-lcm of Technlcal lﬁormn!lon.
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Figure A2 shows response times for a 20-knot step-increase at various
mean speeds,

These two relationships, high mean windspeeds and large imposed gusts,
combine favorebly to provide laster anemometer response. Figure A2 shows that
for mean speeds of 40 knots or better and a ''step-increase’ gust of 20 knots or
better, 99 percent of the gust will be sensed in roughly 1 sec or less for both the
cup (1. - 26 It) and propeller (1. - 15 ft) anemometers,

Thus far, the discussion has been iimited to a "step-increase” guat, This
type of gust is a rough approximation for short intervals; that is, 1 sec or less,
A more realistic approximation of wind fluctuaticna for sumewhat longer intervals
might be sinusoidal deviations around a mean windapeed. Such an analysis has
been made by Gill, 4 who showa the relationship to be:

V@ -
_;«_ . ____*2.;__ (A2)

where

L

1"

distance constant

A = Gust wavelength = (mean speed, U) x (wavelength period, t)
X = Actual amplitude of speed change

X, Indicated amplitude of speed change

For an anemometer with a given distance constant, Eq. (A2) can be applied
to determine the wavelength period for various gust responses at selected mean
windspeeds. The results of ihis procedure, shown in Figure A3, are hyperbolic
curves of given percentage response, It can be seen from this graph that for a
mean windspeed of about 50 knots with a 2-sec gust (4-sec period}, anemometers
with 26- and 15-t distance constants will have ra2sponded to approximately 80 and
96 percent, respectively, of the actual amplitude of the gust,

It is not the intent of this paper to delve deeply into various aspects of
anemometry, but it is necessary to be aware of the capability of anemometers to
respond and to record atmospheric wind motions. The conclusions that can be
drawn from this discussion is that for stap-increase and sinusoidal-type gusts at
high mean windspeeds (40- to ! |. ... " 1-min averages), the Aerovane will indicate
between 95 and 99 percent of a 2 -4ec (half-wavelength) gust and the standard
3-cup anemometer will have sensed 80 to 89 percent of the gust.

Even il the wind sensor [ollowed the windspeed perfectly, limitations imposed
by the wind transmitter and recorder agsemblies damp out the [inest gusts, and
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these are not indicated on the recorder chart. Because of this recorder limita- :
tion, H, H. Krauser of the National Weather Service and R, M. Peirce of AFCRI.'s

- Meteorology I.aboratory-both authorities on anemometry instrumentation—have '
advised that peak gust speed on recorder charts of operational anemometers can \
be assumed to repreasent a 2-sec gust. This assumption was followed in the main :
body of thiy study.
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Appendix B

The Dependence of Windspeed on Height Abeve the Greund in the
Windy Acres Project of 1967

L INTROIX CTION

In the power law, the windapceds (V, VO) at two levels above ground (H, llo)
are associated by

. PP o
A% \'0 (H. "0) (BY

where p is usually presumed constant, Thus, given a wind2need Vo at height Ilo,
the equation gives a corresponding windspeed V at height !i,

In previous work, p has been assigned values varying from 0,05 to 0.8, Since
investigators or authors have not always atated the temporal relationship between
V and Vo, it usually hag been supposed that V {s the expected value of windspeed at
height H that occurs simultaneously with windspeed V, at height H .

This work explores the possibility of assigning values to p, recognizing its
dependence upon (1) the magmitude of the speed at a specilied height above the
ground, and (2) averaging time of the wind measurement (for example, 1 sec,

10 sec, 1 min, etc. ), Equation (Bl) will not be used to estimate a profile to cor-
respond to a given speed at the specified height; instead, it will be modilied to
provide the probability distribution of windspeed at height H when each percentile
of the windspeed {s assumed to be & function of height H only, A percentile of
windspeed at one level does not necassarily occur simultaneously with the same
percentile at another level,
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The data on-hand for this investigation consist of 39 hr of i-sec windspeeds of

the Windy Acres Project, taken in the summer of 1967 at 8 heights on u 32-m tower

in southwest Kansas, The area {8 very lat and partly covered with wheat stubble
6 to 8 in tall. The 1-sec windspeeds did not exceed 15. 3 m/sec.

2. METHOD OF ESTIMATING p
Equation (B2) can be written as
MTH kHP (B2)

where V“ is the f-percentile windspeed at height H, and k is a constant for the
given percentile (D),
Set y - log V}, and x : log I, Then from Eq. (B2)

y logk+px, (B3)

Using N heights along the tower where wind measurements are made, the
estimations of p and k, by the method of leust squares, are

6 Nl‘.t;-}.‘z!:x (B4)

NZx® - (Xx)

(BSs)

i For the Windy Acres data, N - 8 where these eight heights are 1,5 , 1 | 2,

' 4,8,16, 24 , 32 m. The windspeeds (V) are classified into sets according to
the probability level of occurrence (f) and duration (m). The chosen probability
levela (I} are

0,02, 0,10, 0,25 0.50, 0,75 0,90, 0,98, 0.998, 0.8984,

The chosen durations (m) in seconds are

1, 2, 4, 8, 16, 32, G4, 128, 256, 512, 1024, 2048, 3600,

3. RESULTS

For each probability level {f) of the windspeeds and duration (m) a value of the
exponent p was estimated from Eq. (B4) (Table Bl), Figure Bl is drawn to show
smoothed {sopleths of the exponent p in the power law, as a function of duration (m)
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Figure B}. A Nomogram to Obtain Windspeeds of Duration 1 to 1000 Seconds
ata Height of 1 to 32 Meters. Left-hand side shows percentiles of }-min wind-
speed as a function of height above ground level, Right-hand side shows isopleths
of p in the power law plotted as a function of duration and windspetd; read
horizontally to the left side for given height and percentile
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- and the percentile of the windapeed, It also shows percentiles of 1-minute wind-
spevds {or heights from 1 to 32 meters,

§. CONCLUNONS

These concluaions pertain to a study of windspeeds measured at 0, 5 to 32 meters
above the ground in which the fustest 1-sccond gust did not exceed 15,3 meters per
second,

Table Bl and Figurc B1 show a systematic variation of p with windspeed and
duration, For the high speeds, the value of p ig leas than 0,13 and has been com-
puted as low as 0,08, Up to the 90-percent windspeeds, the value of the exponent
varies almost ‘inearly with the windspeed from approximately 0, 20 for the 15-

percent winds to 0, 13 for the 85-percent winds, Put lor the speeds equal to or

} qreater than the 80-percent winds, the exponent p has an nlmost uniform value of
0,12, except for short durations of 1 min or less, (Previous work with the same
data indicated that the Windy Acres winds became turbulent above the 95-percent '
windspeeds,) For gusts, the value of p varies jointly with their speed and dura- [
tion, from 0, 11 down to 0, 08 for the unusually high 1- or 2-sec winds or gusts, '
suggesting a tendency toward a uniform intensity of turbulence with height as the ‘
speeds become greater, ‘

3, REMARANS

This npproach to the problem shows considerable promise, niaking it desirable
to find more complete data than the 39 hr of Windy Acres data, Several questicns
. remain unanswered, What is the effect of terrain and of thermal stratification?
? How should the vertical and horirontal dimension of the strong wind gusts be .
handled ? \hile the value of 0,08 for p is the lowest computed in this exercise, it

o m ——— ———

seemx reasonable to expect a value close to zero il the turbulence is mixed
t thoroughly in both vertical and horizontal directions.
All told, the conclusions need to be considered tentative, Data ure required
‘ in areas where the windspeeds are normally high to obtain information pertinent
' to strctural design,
€
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Appendix C

Worldwide Wind Extremes

Table C1, Strongest 5-min Wind Expected in 20, 50, 100, and 250 years at 10
l.ocations in the United States With Anemometer Heights Below 100 ft (Court6 ),

— e i e mm———— & ——— e e e ey

Return Period (years)

l.ocation B 0 50 100 250
North lead, Wash, a1 oo ] T es 17 Tro0 ]
Corpus Christi, Tex. 13 84 81 101
Tatoosh is., Wash. 78 84 88 93
Block Is,, R, 1, 74 81 85 91
Key West, Fla, 66 15 81 80
Sheridan, Wyo, 60 68 14 81
Charleston, S,C. 80 67 T2 8
Duluth, Minn, 62 (] 69 13
Canton, N,Y, 57 62 66 n
Famport, Mo B N R R

6. Court, A. (1983) Wind extremes as design factors, J. Franklin Inst.
456(No. 1):39-33,
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Tatle €2,
Are Not Standardized)

Extreme Wind Data Prepared by ETAC in 1964 (Anemometer Heights

- g - -
Maximum Peak Gust
l.ocation 1-min
Mean S.D. | Period ol | nfean | S.D. [Perlodof
(knots) |(knots) Reco_r d (knots) |(knots) Reco‘rd
Alaska |
Elemendor! AFB 35,5 5,6 14 58.8 8,7 12
Shemya Island 55, 4,9 10 79.4 ] 11,3 10
Davis AFB Adak NS 83,5 | 7.1 16
Cold Ray 7.1 7 9.8 21
Middleton Island 70.5 | 15.1 18
i
Greenland !
Narsarssuak AB 84,2 10,3, 13
Sondrestrom AR 56,7 ! 15,3 17
simiutak AR 92,2 | 15,1 12
Thule AR 62,9 9,8 14
Formosa .’ ;
Tainan 41,6 16,17 30 i
Taipel 46,17 17, 39 '
!
Japan
Itazuke AB 34,2 1.9 14 48. 6 11.8 14
Misawa AB 17.3 5.6 11 53.3 10, 7 11
Tokyo Intl. Arpt 40,7 9.6 15 56,3 10. 8 15
Kimpo ARB, Korea 33.3 4.3 8 40,1 T. 6 4
Bangkok, Thailand 36,9 1.7 15
Peshawar, Pakistan 53.8 G5 17
India
Bombay 8.7 11,2 6
Calcutta 44,7 5.8 6
Gaya 41.2 5.4 G
Madras 35,2 5.9 G
New Delhi 40,5 3.0 6
Poona 1.3 4.8 6
Central AB, Iwo Jima 61.4 20,9 17 87.1 36,1 17
Kadena AH, Okinawa 4,7 20,0 14 1,4 25,8 14
Clark AR, P, I, 30.6 0.6 13 44.8 11,17 13
Hickam AR, Hawali 35,1 6,6 17 44,8 0,5 11
l.ajes Field, Azores 40,5 13,4 13 72,0 10.7 10
Albrook AB, C, 27, 21.3 3.3 18 K| 5.1 14
70
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Table €2, (Continued) Extreme Wind Data Prepared by ETAC in 1964 (Anemometer
Heights Are Not Standardized)

IS T IS T L L Ty
Mgximum Peak Gust J
l.ocatfon on Perloa ol T Period of |
San Pablo (Sevilla), Spain 60,9 12.1 11
Wheelus AB, 1.ibyu 9.1 SN U ' 51.1 8,2 14
Dhahran AR, Saudi Arabia | 46,1 9,5 19 |
Stuttgart, Germany 32,1 3.8 1 15 51.8 7.9 13
Edinburgh, Scotiand 65,2 5,6 21
Keflavik, Iceland 66,8 8,5 9 90,3 1.3 9
I, Harmon AB, NMfd. 64,9 9.9 15_—J
7
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