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1. ABSTRACT

The 1959 paper "Hurricame Design Wave Practices" (ref. 1) has been widely
used in the past for obtaining design wave criteria., Additional wave data and
revisions in wave forecasting procedures, including computing techniques, ideas
and experience, make it possible to bring these techniques up to date.

This paper should be considéred also as an extension of the paper "A Non-
Dimensional Hurricane Wave Model" (ref. 2) as well as revisions to the 1959
paper (ref. 1).

Graphs, formulae and procedures are presented making it possible to calcu-
late the entire deep water wave fields from model hurricane wind fields.

The revisions have been applied to the U.S. East and Gulf coasts past his-
torical hurricanes and also to the U.S. Weather Service standard project and
probable maximum hurricanes for deep water conditions. The results of these
calculations are presented in figures and tables and can serve as inputs for
particular locations to calculate design storm surge and design wave criteria
over the continental shelf to the coast line, making use of the materxial in the
references listed at the end of this paper.

2. SUMMARY BASIC RELATIONSHIPS FOR STATIONARY
MODEL HURRLCANE WIND FIELDS

Detailed equations are given in reference 2. Specifically,

U
D5 o= o-n B[ BHR MWD,y B2
R UR r UR

)
C‘H’]
Wi

where Ur and U are the wind speeds at radial distance r and R (radius

R
of maximum wind) from the hurricane center, ¢ is latitude, w is angular
velocity of the earth, and £ = 2 wsin ¢ . (See list of symbols)
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For wave generation we consider only Ur for r = R, and avoid

>
entering into the eye of the hurricane. Fig. 1 shows relationships for eq. 1
for r/R z 1.0 . The wind speed U, is given (ref. 5) by

2) UR = K VAP - 0.5 fR

where AP is the central pressure reduction in inches of mercury from normal
pressure, and the constant K wvaries from 67 at 20 to 25 degrees latitude to
about 63 at 45 degrees latitude for U.S. coasts.

The sustained wind speed at the l0-meter reference plane above mean sea
level is given (ref. 5) by

* *
3) URS = K UR , where K = 0.865 for all U.S. East Coast and

%
Culf Coast zones, except K = 0.886 for Gulf Coast Zone B. The components
Ux/UR and Uy/UR of the wind speeds depend upon the angular position of t/R

and the incurvature angle B that the wind makes with the tangent to the
isobars.

3. SUMMARY BASIC RELATIONSHIPS FOR STATIONARY
MODEL HURRICANE DEEP WATER WAVE FIELDS

Detailed expressions are given in reference 2. Specifically, the com-
ponent wind fields are used together with wave forecasting relationships to
calculate component wave fields H /H_ and H /H_ , and the final resultant

. xR y R
wave field becomes

|
H u =\/a% + 5% ana 5w, =k \ar

Fig. 2 in analogy to Fig. 1 gives relationships for Hr/HR , based on

calculations for 51 model stationary hurricanes. Fig. 3 can be used to deter—
mine K' for use in eq. 5. K' in Fig. 3 must be increased by 0.886/0.865 =
1.024 for Zone B of the Gulf of Mexico.

4,  MOVING HURRICANE

The stationary model hurricane wave field is directly coupled with the
corresponding model hurricane wave field. Any change in the wind field will
result in a directly related change in the wave field. For a moving hurricane
the changes in wind speed components are :
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6) AU = % V cos @ and 7) AUX = 0 , where V is the
forward speed of the hurricane, whose path is parallel to the y- axis and ©
is the angle of radius r measured counterclockwise from the x— axis. There
will also be a change in effective fetch length as a result in movement of
the hurricane.

There is a critical forward speed of the hurricane, when the hurricane
moves in phase with the group velocity of the waves, afterwhich a faster
forward speed will result in the hurricane moving ahead of the maximum waves.

Eqs. for critical forward speed are as follows:

8) V = 1.515 T knots

Cc [

-7575 Ty -1 A

9) T = T 1~ = T 1+

C R URs R URs

v, 2

10) H = H 1L+% =

c R URS

and the wave period can be obtained from

0.6
= 0.4 tanh jl.07 l:arc tanh 30_1'_21_] }

!

11)

=1

In eq. 11 T=TC and TR in sec, H=HC and HR in feet and

U= URs + L VC in knots. Egs. 10 and 11 can be used also for actual
forward speed of the hurricane when Va = '\7c , by replacing Vc with Va s
H and HC with Ha ,and U = URs + 4 Va .

For complete development of the above equation, see reference 2. TFigs.
1, 2, 3 and 4 are selected from reference 2.
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5. APPLICATION TO HISTORICAL, STANDARD PROJECT
AND PROBABLE MAXIMUM HURRICANES

The parameters of the hurricanes for various zones and latitudes are
R, AP , and Va (see refs. 5 and 6). The summary of relationships given in

this paper were used to calculate the deep water wave characteristics. The
range in critical forward speed seems to be between about 18 and 28 knots.
Only a few of the Gulf of Mexico hurricanes exceed the critical forward speed.
However, there are quite a few Atlantic hurricanes, particularly for higher
latitudes that exceed the critical forward speed. Calculations are made for
H.R N Hc and Ha and TR , T and T ., However, when V_ > V_ we

c a a [
use the values of Hc and Tc in place of Ha' and Ta respectively.

The results of these calculations are given in appendix A for the histor-
ical hurricanes and in appendix B for the standard project and probable maximum
hurricanes, all for the U.S. Gulf of Mexico Coast and the U.S. East Coast.
Fig. 5 shows the various zones for the Gulf of Mexico and the U.S. Eastern
seaboard.

6. PRESENTATION OF RESULTS

6.1 Historical Hurricanes (See Figs. 6, 7, 8 and 9 and appendix A)

The above are for the historical hurricanes. Generally, the maximum
significant wave heights occur for the East Coast. Most of the hurricanes
for about latitude 30°N enter the U.S. mainland from the Gulf of Mexico.
The extreme range in critical forward speed of the hurricanes for maximum
significant wave heights fall between 18 and 28 knots. For latitudes lower
than about 309 latitude, the actual forward speeds are less than the critical
forward speed. For latitudes greater than about 30°N latitude, many of the
hurricanes exceed the critical forward speed. The maximum intensity of the
hurricanes seem to be reached at about 30°N latitude. At higher latitudes the
actual forward speeds of many of the hurricanes greatly exceed the critical
forward speed.

Generally speaking R increases and AP decreases with increase in
latitude, and RAP dincreases with latitude to about 30 or 35PN latitude.
According to Fig. 3 K' decreases with increase in latitude. Thus the
product K' V RAP increases to a maximum at about 30°N latitude and then
decreases northward. This, of course, is for deep water conditions. The
effect of the depth and width of the continental shelf will result in other
possible modifications. The total water depth, including storm surge will
have an effect on the maximum waves over the continental shelf.

6.2 Standard Project and Probable Maximum Hurricanes (See Figs. 10
through 14 and appendix B)

The above are for the standard project and probable maximum hurricanes
for the East Coast U.S.A. These figures show that the worst hurricane deep
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water wave conditions occur around 30°N latitude. Fig. 10 adds emphasis to
the fact that there is a sudden increase in actual forward speed between 30°N
and 359N latitude, and these speeds exceed the critical forward speed. Figs.
13 and 14 show the limiting wave height conditions as governed by the critical
forward speed.

The standard project hurricane is estimated as that extreme hurricane
that can be reasonably expected to occur within a particular zone on the average
of once every 100 years. Similarly the probable maximum hurricane has the
1000-year recurrence interval.

It is interesting to compare the historical with the standard and probable
maximum hurricane. The maximum significant wave height calculated for the
historical hurricane moving at actual speed and that for the maximum standard

project hurricane are about HR = 60 feet. The maximum significant wave

height calculated for the historical hurricane assuming critical forward speed
and that for the maximum probable maximum hurricane are about HR = 70 feet.

Thus the wave energy spectrum of the 1000-year hurricane as compared to the 100-

year hurricane will be in the ratio of §7O/6O)2 = 1.36.
7. WAVES OVER THE CONTINENTAL SHELF

The standard project and probable maximum hurricanes given in appendix B
can be moved over the continental shelf. The data in the tables can be used
as input data, together with previous expressions for calculating the storm
surge (see ref. 1, 2, & 4). Each location will have to be treated as a separate
problem. The two-dimensional hydrodynamical equations for storm surge should
be used to determine the total water depths. The generation of waves over the
continental shelf will have to take into account the modifications of wave
height due to bottom friction, percolation, refraction and diffraction, and a
regeneration due to the wind, and finally the breaking wave criteria.
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9. LIST OF SYMBOLS

e base of natural logarithms

f Coriolis parameter

H significant wave height (in general)

Ha significant wave height due to actual increase in forward speed
of hurricane

Hc maximum significant wave height for hurricame moving at critical

forward speed

HR significant wave height at R, stationary hurricane

HX component of H along x-axis

Hy component of H along y-axis

K constant varying from 67 at 20 to 25 degrees latitude to about

63 at 45 degrees latitude for U.S. coasts

K 0.865 for all U.S. East Coast and Gulf Coast Zones and 0.886
for Gulf Coast Zone B

K' coefficient (see Figure 3)

AP central pressure reduction from normal in inches of mercury

R radius of maximum wind, nautical miles

r radial distance

T significant wave period

Ta significant wave period at R for actual forward speed of hurricane

TC significant wave period at R for critical forward speed

TR significant wave period at R for stationary hurricane

U wind speed (general)

UR geostrophic wind speed at distance R from hurricane center

Ur geostrophic wind speed at distance r from hurricane center

U surface wind speed at distance R from hurricane center

Rs
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component of wind speed along x-axis
component of wind speed along y-axis
change in x component of wind speed for a moving hurricane
change in y component of wind speed for a moving hurricane

forward speed of the hurricane

actual forward speed of a hurricane
critical forward speed of a hurricane

incurvature angle of the wind vector

angle position of the radius measured counterclockwise
from the x~y axis

latitude

angular velocity of the earth
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FIGURES
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APPENDIX A
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TABLES I AND II
Deep Water Hurricane Wind and Wave Calculations for Historical
Hurricanes, Hindcasts for U.S. Gulf Coast and U.S., East Coast.
TABLE I
Atlantic Ocean U.S., East Coast Historical Hurricanes Zomes One to Four
TABLE II

Gulf of Mexico U.S. Coast Historical Hurricanes Zones A, B, and C.

Notations in the Above Tables:

o] latitude degrees

R radius of maximum wind nautical miles

AP central pressure reduction from normal in inches of H

UR maximum sustained l0-minute average wind velocity above friction
layer for stationary hurricane in knots

URS 0.865 UR - 10-minute average at the l0-meter level for statiomnary

hurricane (except Zome B)

URS 0.886 UR for Zone B only
Vc critical forward speed in knots
1
URC URS + 2 Vc
Va actual forward speed in knots
1
URa URs + 2 Va
H (L H‘R’ (2) Hc’ (3) Ha significant wave height feet at R for

(1) stationary, (2) critical speed and, (3) actual speed respectively
TR’ Tc’ Ta significant wave period seconds at R for (1) stationary,
(2) critical speed and (3) actual speed respectively.
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TABLE I

-1

ATLANTIC OCEAN U.S. EAST COAST HISTORICAL HURRICANE ZONE ONE

7 i I STATIONARY I CRITICAL SPEED T ACTUAL SPEED 1
' Lt e 3 I
rl | U [ s THR LTR J Ve Yo | B [T Ya J Yra J " Ty —J
Oate | Degrees | M [ lnHg [ Knots [knots [ Feet | Sec | Knots | Kots | Feet | Sec knots | Knots | Feet | Sec |
} Kn
Sept. 2, 1935 2.8 6 3.57 | 125 | w8 | 325 | 120 | 200 | 11g | 38| 12| 9 m 35.3 | 12.6
Sept. 9, 1919 | 2418 15 2.48 | 103 89 | 3.4 (136 | 2.3 [ 0 | 49.0 | 154] 8 93 | a9 | 142
gct. 20, 1926 246 21 240 | 101 87 | 419 | 143 | s | 99 | 546 | 163] 6 95 | 5000 | 156
Sept. 10,1960 | 2415 | (5.4 2.37 9
Sept. 18, 1926 258 24 2.3 | 99 86 4.5 | 145 | 25.1 99 | 5.9 ] 16.6] 17 94 51.4 | 5.9
Sept. 16, 1928 | 26.7 53 230§ 95 8 | s1.2 | 160 | 285 | 96 | M6 | 18] 13 8 596 | 1.3
Sept. 17, 1047 | 2.2 34 2.16 9 | 8l 4“5 | 150 | 263 9 | 605 | 14| 1o 8 50,5 | 5.9
Sept. 4, 1933 2.9 2 191 | a9 7 | 399 | 181 | 24.8 | g9 | 5.7 163] 1 8 | 458 | 15.1
Sept. 15, 1945 2.5 2 8 | 88 | 76 3.9 | 135 | 27 | gg | 49:3 | 15| 10 8l 419 | 144
Sept. 8,196 | 257 22 1| w 75 34 (B2 | B2 g | a2 B3] N 80 008 | 142
Sept. 28, 1929 | 249 28 177 ] 86 7 BO LT ) 23 | gs | 514 %ol la 7 4.3 | 147
Avg. 26, 1949 | 267 25 | 1% 8 | 352 | 13z | B 8 | 471 153] 14 81 422 | 15
Oct. 17, 1950 25.8 (25,8) 1.72 6
oct. 11,1909 | 245 2 162 | 83 72 3.6 | 13.0 | 227 | s | 452] 50| W0 7 3.5 | 13.8
aly 28, 1926 2810 1a 15 | s [ N B2 (1071 204 | g | 36.8]| 134 an™ 7
Sept. 22, 1948 2%.8 16 1.51 80 | 6 290 | 1206 | 210 | g | 380 | 0 5 3.0 | 13.0
Sept. 27, 1964 25,5 (25.8)*1 1.3 9
dov. 4, 1935 (25.8)* [(25.8)* 1.19 (]])m]
Oct, 20, 1924 2578 26 109 | 67 | 58 2.2 [ N7 20 | g [ 3791 13.8] 6 61 30.0 | 12.3
Sept. 11, 1903 25.8 43 1.08 64 55 30.3 12.4 22.7 67 43.9 14.9 59 34.8 13.3
Oct. 18, 1906 26.9 35 1.08 65 56 28.8 12.1 21.9 67 41.0 14.4 6 59 31.9 12.7
O0ct. 5,1048  25.8 3 | o7 | e | 56 282 | 19 | 215 | 7 | 399 | 2| 13 63 | 350 ) 13.3
due 17,1506 | 269 % | e | o 5.8 | 1 | 205 | g5 | 3.3 | 135 12 61 317 | 27
I
I I
* Average of all latitudes Zonme One
** Average of all R Zone (ne
** Average of all Va Zone One
TABLE I -2
ATLANTIC QCEAN U.S. EAST COAST HISTCRICAL HURRICANES ZONE TWO
T I | T [ STATLONARY T CRITICAL SPEED ACTUAL SPEED
: | i
| | Ya g% [ e ‘ Yo Y% [ (T [N Yo | M [ Th
| o Date Degrees | d.M. | InKg | Knots | Knots | Feet Sec Knots | Knots Feet | Sec rKnots } Knots Feet | Sec
rl Sept. 26, 1958 w27 | 18 | 240 | 00 87 | 986 |13.7 | 23.6 | o9 | 49.8 | 156 12 93 | 4. | 146
f 2 oct. 15, 1954 2.0 | 3% 2.26 95 82 44.4 14.9 | 26.1 95 59.7 7.2 | (26) 95 §9.7 | 17.2
i3] sept. 29, 1959 2o | ead Le 12
| & awy 28,192 28.4 14 158 | 82 n AR A A A AR
|5 | Aug. 30, 1954 (31.0)* | (29.31* 1.57 (126
6] Aug. 12,1955 2.5 45 1.52 5 s5 [ w7 B4 fad |y w2 w7 ] e | |14z
I 7| sept. 10, 1960 32.9 E 1.65 75 65 | 325 | 128 | 228 | v [ aa9 | 150 [ (25) 8 | 49 | 150
8 Sept. 19, 1955 2.8 50 .o n 61 35 [ 132 2 | 3 |49 | 58| 0 66 | 40.3 | 14.3
} 9! sept. 9, 1964 3.1 | (20.9)* 1.39 7
10| oct. 15, 1947 2.1 13 1.33 75 65 | 202 [100 | 190 | 74 |39 25| 1| % 31.0 | 12.4
I [ sept. 16,1028 | 295 (20.0*1 107 ¢12.6)
‘12 " Aug. 11, 1940 2.0 27 118 | 67 | 58 | 2.9 | 1.6 | 208 | 68 | 3.4 13.7] 12 64 | 327 | 128
§13 7 oct. 25, 1921 \ 2.0 |(20.3)"] 1.0 ool ‘
\14 Sept. 15,1945 | 200 | (20.3)"1 101 (12.6) |
P15 | hug. 28, 191 L 321 27 e | e 54 J 2.7 | Nz | 201 | e 34.7l 12| 8 58 | 285 | 12.0 |
- L 1 i | i
* Average all latitude Zone Two 1
** fverage all R Zone Two ) vy
* Average all v, Zone Two a
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TABLE T - 3

ATLANYIC OCEAN U.§, EAST COAST HISTORICAL HURRICANES ZONE THREE

181

STATIONARY CRITICAL SPEED ACTUA
\ Lat ¢ R AP L 0, 0, m v H T "T%}mﬁﬁv!
l R 3 R R he 3 e (Y U Ta |
o Date begrees | A.M. | Inkg [TKWoEs | Knots | Feet | Sec | Knots | Knots | Feet | sec | Knoks | Km Feet |Sec |
11| sept. 27, 1958 3.0 2 2.26 | 9 8 0.0 | 10| 284 o 527 | 6] 18 92 r49.2 15.6 |
V2] oct. 1s, 105 1.0 % 2.26 | 98 81 4.0 | 148 26.0 | 9¢ s9.2| 17.2} 2 % ( 9.2 | 7.2 [
13| sept. 21, 1938 3.7 50 2.06 | 88 76 420 | 14.9| 265 | o so.2 | 12| (') 8 | sa9 | 66
4| sept. 14, 1988 3%.2 (B30* | 204 9% 78 B4 | 28| 20| & 33| sl (21| o | 233 | us ‘
5| sept. 10, 1954 (38.8)*| 17 1.95
i 6| sept. 16, 1933 3.2 a2 167 | 78 68 6.6 | 13.6] 203 | 80 0.9 16.0| 9 72 | M6 | 145
71 Aug. 28,1958 34.0 39)* 1.66 17
8| Aug. 30, 1954 33.4 (39)* | 157 an,
9| Sept. 11, 1960 37.4 36 157 | 76 66 335 | 13.0| 23.2 ] 78 a4 | 153 ') & ) 464 | 153
0] Aug. 12, 1955 3.5 a5 152 | 75 65 3.0 | 133 280 | 77 49.3| 15.8] 7 68 | 39.0 | 140
1 | sept. 19, 1955 3.0 50 141 | 7 81 B7 | 1Ba] BT | N 1] 16 9 65 | 389 | 140
12 | sept. 18, 1936 3.2 3 | 7 62 e | 125] 224 | 74 34| 1s8f 6 n | w7 | A
13| Aug. 23, 1933 .9 6 129 | 68 59 9.6 | 122) 20| N a6 | 1as| 18 |68 | 293 48t
14| g, 25,1928 3.2 34 12z | 67 58 8.6 | 120]| 2.6 | 69 ©.3 ] 1.3 (22) 69 | 40.3 | 143
15| Sept. 3, 1913 3%.8 a1 11| 63 55 276 | 11.8| 215 | 66 9.7 1wzl % 63 | 36.4 | 136
\16 Aug. 24, 1949 33.5 2 106 | 65 56 2.7 | nez| v | 6 .3 131] 2 67 | 3.3 | 131
17 | Dec. 2, 1925 M.z 54 o7 | a7 a 6.4 | 16| 21.4 | 51 .2 | 1a2| 14 56 | 345 | 13.3
18 1 Sept. 16, 1967 36.6 (39)* .95 9
‘19 Sept. 17, 1906 | 3.0 61 9 | 55 4 261 | N6 215 | 59 ®.2. 2| 16 56 | 3.6 Lm.s
* Bverage for Zone 3 () UERA
TABLE [ -4
ATLANTIC OCEAN U.S. COAST RISTORICAL HURRICANES ZONE FOUR
— —- —
STATIONARY CRITICAL SPEED ACTUAL SPEE|
lat o R ap [ Ues He T X [ He T X [
—
No Date Degrees HoM. In Hg | Knots Knots Feet | Sec Knots Knots | Feet | Sec Knots | Knots | Feet Lsec
1| sept. 21, 1938 a.g 50 2.0 | 82 n a0.8 | 13| 267 @ s6.8 | 16.9| (an'| o5 56.8 ! 16.9
2 | sept. 11, 1954 a3 (88) 1.95 {40y’
3| Sept. 16, 1933 (40.3)* | (a4) 1.67 (33
4| sept. 14, 1984 4.8 48 1.6 72 62 .4 | 13.2| 23.8] 78 s8] 17| o) | » 8.8 | 157
5 | Sept. 11, 1960 8.0 (43) 1.57 (3!
6] Aug. 31, 195¢ a8 22 154 75 65 2.8 | 120 2tz s 2991 1ol Gatl e 2.1 | a0
7| Sept. 18, 133 38.0 L] 1390 N 61 04 | 24| 22| 7 2| s ('] 7 24 | 146
81 Aug. 26, 1924 a3 66 122 59 5 w7 | 20| 24| e 27| wal @' 6 27 | us
9| Mug. 29, 1958 39.0 (44) 1.19 2
L |
* 1
Average Zone 4 C Y v,»y
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TABLE

n- a

COAST HISTORIGAL HURRIGANES ZONE A

STATIONARY CRITICAL SPEED ACTUAL SPEED
Lat ¢ R ] U | U e | Tp v Une e | T v, [N Wy [T,
No | Date begrees | M.M. |InHg | knots | knots | Feet | 5ec | Knots | Knots | Feet | Sec | Knots | Knots | Feet | Sec
1| sept. 2, 1935 24.8 6 4.00 12 | e | 325 | 20| 200 | ns [ 0 132] 9 1| 383 | 126
2 [ sept. 9, 1919 246 15 2.50 103 89 | 384 | 136| 8.3 101 | 490 | 154 8 93 | 42:0 | 142
3 [ oct.” 20, 1926 238 21 | 20 101 88 {422 | 184| 249 100 | 550 | 16.4 16 95 | 50.2 | 15.7
4 | Sept. 10, 1960 %.0 (18.6)7 2.37 - - i 2 - - - e _ . R
5 | Sept. 21, 1948 24.5 7 2.30 100 g7 | 274 | N3] 1o | 106 | 337 | 25| 8 a1 | 300 [ e
6 [ oct.” 17,1910 245 1% 2.12 95 83 | 3.8 | 132] 22.8 | 94 | .3 [ 15.0] 1N 88 | 4.7 [ 140
7 | Sept. 8, 1965 252 21 2.00 90 78 | %6 | 134 23,4 90 | 483 | 1555 15 & | 440 [ 147
8 [oct.” 18, 1944 26 7 1.90 89 77 1393 | 10 26 9 | 52:8 | 16.2| 13 83 | 46.2 | i5.2
9 | Sept. 17, 1947 26.4 3 1.90 8 76 | &0 | 143 253 &7 | 55.9 | 16.7 [(0.7m] 75 | 471 | 153
10 | Sept. 18, 1926 2.5 2 1.90 88 | 76 [ 371 | 135 | 2317 sa | 4904 | 157 |7 8 | 45.8 | 1500
13 ) Sept. 28, 1929 4.8 2 2.00 % 74 |30 | 38| 203 8 | 514 ) 6.0 10 19 433 ) 1.7
Oct. 25, 1921 281 1B 200 83 72 | 310 | 12.4] 20 g | g |zl 7| 34| 132
13 | oct. 11,1908 2.3 22 2.00 83 no| 337 | o 227 45.3 | 15.0 [ 10 76 | 386 | 138
14 | Sept. 16, 1928 27.7 53 2.00 78 | 68 | a0.3 | 143 | 2.8 | & | 570 w0y e | 57.0 | 170
15 | Sept. 4, 0 29.1 (18.6)* 2.00 - - - - - - - - (39.7)* - - -
16 | Aug.” 26, 1949 272 2 2.00 80 69 | 325 [ 12.7| 22.4 0, | e 148 56 | 3.4 | 140
17 | Sept. 15, 1945 25,5 2 | 2.00 30 69 | 331 [ 12i8| 2.7 81 | 448 [ 15010 74 | 380 | 138
18 | Oct. 6, 1964 24, (18.8)% 1.45 - - - - - - - - 15 - - -
19 [ Sept. 4, 1933 27.8 2 e 1% 66 | 329 | 12| 22.8 8 | 452 1501 72 | 3.6 | 180
June’ 9. 1966 0.0 018.6)*| 1.28 - - - B - B - - 9 - - -
21 [oct, 19, 1924 25,0 19 Lz 7 62 E e | 0.5 72 | 368 | 13.5| 8 6 | 30.6 | 12.4
22 flloy, 4,193 2.0 (18.6)"| 1.20 - - R R - - - 2 laeam - - R
23 | sept. 11, 1303 27.0 a3 110 6 | 56 1231 2.5 | 66 1| 7 59 | 33.8 | 13
2 | oct.” 18, 1906 5.0 35 .10 65 57 12.2 | 221 8 16| 6 6 | 325
25 |oct. 51948 24,0 N L Lo 66 57 21| 2| e 184 13 63 | 356
26 [ 0ct, 18, 1950 28.0 (18.6)"( 1.04 - - - - - - Slneaet o -
27 [ June 17, 1906 2511 2 | 1o 64 56 ws | 207 | 66 | 37.0 | 13.7 (10704 55 | 37.0
28 | Oct. 4, 1966 24.2 (8.6)"| 1.00 - - - - - - - 7 - -
29 |oct. 7, 1941 9.8 18 1.00 62 54 0.5 | 187 63 | 303 | 23| n 59 | 267
NQTE: .
TAverage all R Zone A *“Averace all V, Zone A
TABLE Il - B
GULF OF MEXICO U.8. COAST HISTORICAL HURRICANES ZONE B
STATIONARY CRITICAL SPEED ACTUAL SPEED
Lat ¢ R » Uy Ups S vy the He | Te v, Ypa Hy T
Yo Date Degrees | M.H InHg | Knots | Knots | Feet | sec | Kmots | Knots | Feet | sec | Knots | Knots | Feet | Sec
27.0 a2 | 2.28 98 87 | 37.3 | 140 | 2.2 | 98 49.0 94 43.5
2879 32 2.3 93 83 {438 | 17 | 25.8 | 95 58.6 91 3.3
29.9 29, | 2.05 9 81 | 413 | 143 | 25.0 | 94 55,1 8 .6
27.0 (&1 2.00 . - - - - . - .
30.5 1 172 8 7 3.7 | 125 ] 216 | % 4l ] 3417
26.8 19 1,61 82 7 32.3 | 126 | 2.0 | 8 2.7 7 a7
296 27 1.61 81 7 3.0 | 132 233 | & 473 7 4000
290 21 1.59 8 7 325 127 | 222 | & 433 75 35.7
30.7 50 154 7 6 82 [ M0 | 250 | @ 533 -] 5.8
5 19 1.46 18 69 | 297 | 1201 | 21z | 79 39.5 b} 3.7
4 33 1.44 75 67 | 38 | 1o | 22| B 46.6 73 4.3
30.6 bl 1.42 69 6 380 | 150 ] 254 | M 55.3 5 48.5
30.0 37 1.40 7 6 342 | 131 ] 2355 | 7 476 73 [
30.9 33 1.35 73 2 326 | 1258 | 2.3 | 7% 45.2 ] 4.2
30.0 n 120 6 6 0.2 | 124 | 21 | T2 423 8 37.6
304 ¥ 116 69 6 5.8 | 1.4 200 | N 3.0 ” 5.0
29.0 1 1.6 70 6 20 [ 0.4 | 18) | 7 29.0 66 2.0
3.0 22 176 69 6 7o [ N | 206 | 7 37.0 66 36
282 16 114 69 61 | 287 | nafwal o 3211 65 28.0
201 65 12 62 5 3200 | 1358 | 235 | 66 472 58 35.6
2 21 1.00 64 5 243 | 11| 197 | e6 335 68 33.0
2.6 28 .99 63 5 28 | 1.4 | 205 | 6 36.3 6 36,3
299 88 98 58 4 2903 | 123 | 230 | 60 5.0 54 36:4
24 | oct. 7. 1941 203 18 kT 62 5 225 | 0.6 | 18:8 | 65 30.8 62 27.2
25 | Sept. 15, 1960 28.1 19 1.04 91 8 35,0 | 130 | 230 | 92 45.0 87 a2
wore: () v> v, ()2 Estimted *Averace of all R ‘Average of all ¥
TABLE H - C
GULF OF MEXICO U.S. COAST HISTORICAL HURRICANES ZONE C
STATIONARY CRITICAL SPEED ACTUAL SPEED
lat ¢ R o
Y| Vs Y Tr Ve Yre e | Te Ya Yra " T
o) oate tegrees .M | InHg | Knots | Knots | Feet | Sec Knots | knots | Feet | Sec | Knots | knots | Feet | Sec
11 sept. 20, 1967 2.0 (19.9)7 2.6 - - - - - - - - aref] - - -
2] sept. 11, 1961 27.2 20 2.28 | 98 8 | 1.3 | 13.9] 240 | o7 51.2 | 15.8 6 88 20 |13
3| sept. 8, 1900 29.2 1 2.28 | 99 85 | 7 | 129 | 22| 9 “3 {146 | 10 %0 389 | 1.7
4] Mg, 13,132 | 200 12 2.09 | 95 g2 | 3.4 | 23| 2.0 92 400|139 | 15 89 374 134
5| June 27, 1957 2.2 19 197 ] 9 79 | 3.0 | Ba| 27| %0 4.8 (150 | 14 % a5 143
6| Aug. 18,1916 2.5 35 192 | &8 76 | 4.3 | 144 254 | 8 6.3/ 168 | N 82 475 [ 154
7| sept. 14, 1919 2.7 9.9 1.9 - - - - - - - - 2 - . .
8| Sept. 5, 1933 2.9 2 1.9 | 90 8 |36 | B2 Bo | 8 46.9 | 15.2 8 82 9.3 | 3.9
9| mg. 30,1942 28.5 18 185 | 88 76 | 333 | 12.8| 22 88 4.7 146 | 14 3 39.7 | 140
10| Awg. 16, 1915 29.8 32 178 | 85 73 {378 | 87| 23| & 514160 [ N ” @37 | us
N gune 22,1921 2.7 17 L5 | % 74 | 3.4 | 124 216 | 85 arzfa2 | n 0 3.3 | 13.3
2| guy 21,1909 | 29.0 19 161 | 82 nofna | 1za| 26 | 82 2|13 | 12 ” %5 |13.4
13| sept. 23, 1941 29.7 21 1.6 | ez nofne | 26| 20 82 42,5 [ 145 [ 13 ” 38.0 [13.7
18] Aug. 27,1945 29.0 18 1.3 75 65 {275, N7 | 205 75 36.8 | 13.5 4 67 9.2 | 12,0
151 June 28, 1929 28,5 1 130 | 64 204 [ Na| 2| m 22126 | 15 72 30.5 | 122
6] Aug. 7, 1940 29.9 n vie | 70 6 |25 | 03| e | n 23| .8 8 | 6 2.4 [0
7] iy 27,1943 2.5 16 104 | 6 60 | 239 [ 109 w2 | 68 2.2 ] 12.6 4 64 272 U8
18} g 8,193 | 259 % 192 | 68 59 1276 | Nl 2.1 ) 6 384|139 | 10 64 2.5 |12.8
19 oct. 4, 1949 28.9 28 1.04 | es 56 [ 263 | M5 | 207 ] 66 370 {137 | n 61 37 |z

*Average of all R Zone C

**hverage of all ¥, Zone €
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TABLES III TO VI

Deep Water Hurricane Wind and Wave Calculations for Standard Project
Hurricanes, Probable Maximum Hurricanes. Predictions for U.S. Gulf of
Mexico: Zones A, B, and C; U.S. East Coast: Zones 1, 2, 3 and 4.

TABLE IIIX

Standard Project Hurricanes for Gulf Coast U.S. Zones A, B and C.
TABLE 1V

Probable Maximum Hurricanes for Gulf Coast U.S. Zones A, B and C.
TABLE V

Standard Project Hurricanes for East Coast Zones 1, 2, 3 and 4.
TABLE VI

Probable Maximum Hurricanes for East Coast Zones 1, 2, 3 and 4.

Notations in the Above Tables:

¢ latitude degrees

AP central pressure reduction from normal inches of Hg

R radius of maximum wind nautical miles

UR maximum sustained 1lO0-minute average wind velocity above friction

layer for stationary hurricane, knots

v forward speed of hurricane in knots (V = 0 stationary, V = VC
critical speed, V = slow, medium or fast speed of tramslation
as indicated)

U maximum l0-minute average sustained wind speed at 10 meter
Rs
water level, knots
1
URs 0.865 UR + 3 V, knots (except Zone B)
1
URs 0.886 UR + 5 V, knots for Zone B only
HR significant wave height in feet at R
T significant wave periods in seconds at R



TABLE I11- A
DEEP WATER WAVES
STANDARD PROJECT HURRICANES FOR GULF COAST U.S. ZONE A
Stat Crit Slow Med Fast Stat Crit Slow Med Fast Stat Crit Slow Med Fast
1 Small R = 4 Medium R = 7 Large R =11
Lat ¢ = 24° Up | 1218 121.1 120.7
aP=338intg ¥ 0 17.7 3.0 10,0 17.0 ] 20.6 3.0 1.0 7.0 g 23.2 3.0 10,0 17.0
Ups| 1051 7140 96,6 151 M36 [ 1048 msT 1063 1148 N33 | 1044 60 1059 1054 112.9
He| 265 31 27,2 29.0  30.9 33.5 405 345 3.8 39.2 | 40.6 50,1 4.7 446 47.4
Tl 0.8 N7 09 N3 M7 12,4 136 125 13,0 13.4 || 13.8 153 140 144 149
2 Small R = 4 Medium R = 7 Large R = 12
Lat ¢ = 25° g | 1196 119.3 18.7
APp=320inng ¥ 0 17.6 3.0 10,0 17.0 0 20.4 3.0 10,0 17.0 0 23.5 3.0 10,0 17.0
. 9 Uy 103.5 123 w050 1085 N2.0 [ 1032 1134 1047 082 M7 J102.7 145 1042 1077 12
He| 260 30.6 267 285 0.4 32.9  39.7 339 3.2 385 [ 4.3 5.3 4.5 4.4 8.4
Tel 107 6 08 Mz 116 2.3 135 12,4 12,9 133 | 13.9 155 141 146 151
3 Small R = 4 Medium R = 8 Large R = 14
Lat ¢ = 26° U | 168 116.3 115.6
aP=309inHg ¥ 0 17.4 40 1.0 7.0 0 20.9 40 1.0 7.0 0 2.1 40 1.0 17.0
" Upg| 101.0 1097 1030 106.5 109.5 00,6 100.1 02,6 106.1 109.1 [/ 100.0 112,01  102.0 105.5 108.5
Hy| 25,2 29.8 26,2 281 29.7 33.8 4.2 3.2 37.6 39.8 || 424 532 440 4.1 499
Marco, Florida R
: Tp| 106 M5 08 N 114 12,5 13.8 12,7 132 136 [ W2 159 145 150 15.4
4 Small R=5 Medium R = 10 Large R= 18
Lat ¢ = 27° b | nza n.s 0.6
o286 1nHg 0 18.1 40 1.0 180 0 21.8 40 1.0 18.0 0 2.8 40 1.0 180
. Ups| 97.0 106.1 99.0 102.5 106.0 96.5 107.4  98.5 102.0 1055 || 956 108.0  97.6 101.1 104.6
Lemon Bay, Florida Hg| 265 317 27.6 29.6 3.7 3.5 440  37.0 39,7 4.5 || 436 556  45.4 8.8 522
Te| 109 120 M2 1.6 120 12,9 144 132 137 140 14.5 6.4 148 153 15,9
5 Small R=6 Medium R = 12 Large R = 21
Lat ¢ = 28° Ug | 106.7 1059 104.8
AP =260 1nHg ¥ 0 18.6 40 110 19.0 () 22.2 40 1.0 19.0 0 24.9 40 1.0 9.0
’ Ups| 923 1006 943 97.8 101.8 91.6 102.7  93.6 97.1 1011 90.7 103.2 927 9%.2 100.2
ounedin, Florida Mr| 272 3.9 283 30.5 3.0 452 375 40.4 43.8 || 4.9 555 449 83 5.4
.
| M2 123 14 e wx 130 147 134 13,9 144 [ 145 164 148 153 16,0
6 Small R= 6 Medium R = 13 Large R = 24
Lat ¢ = 29° Ug | 108 103.2 101.8
aPez8inkg ¥ 0 18.4 40 1.0 200 9 22.3 40 1.0 2.0 0 25.2 4.0 110 20.0
’ Ups| 90-0  99.2 920 955 100.0 89.2 100.4  91.2 94,7 99.2 [ 88.0 100.6 92.0 935 98.0
He | 26.4 32 27,6 29.7 3.7 4.2  37.3  40.2 441 3.2 564 452 8.7 835
Tl Mo 121 3 17 s 131 147 1B.4 139 145 4 145 166 149 154 162
7 Small R= 7 Medium R = 14 Large R = 26
Lat ¢ = 30° U | 102 101.4 99.9
AP =241 tnig ! [ 19.0 40 1.0 210 0 22.4 40 Mo 20 o 25.3 40 1.0 210
: Up| 885 9.0 90.5 104.0  99.0 87.7 98,9 89.7 932 98.2 |86.4 99.1 88.4 9.9  96.9
Carbur, Florida  Mp | 2.7 339 289 31.2 =« 3.7 454  37.4 4.4 448 [43.2 56.7 46,2  48.8 543
Tef M3 126 16 120w 131 148 134 139 147 [14.6 6.7 149 155 163

* * FORWARO 5PEEO GREATER THAN CRITICAL FORWARO SPEED
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11- 8
DEEP WATER WAVES
STANOARD PROVECT HURRICANES FOR GULF COAST U.S. ZONE 8
[ stat  Crit Sl Med  Fast || Stat _ Crit  Siow  Med Fast | stat  Crit sl Med  Fast
1 Small R =7 vedium R = 14 Large R = 27
Lat ¢ = 30° u, | 1015 10.6 98.9
! 19 4.0 110 22.5 20 1.0 25.6 49 1.0 280
P =237 v 9 Bl 2 . 28.0 0 . . . 28.0 . - . -
epazainbs § i e sa on 95 18| S0 w0 910 9 tag | H-5 1003 85 950 0hs
fpalachicola, Hel| 281 343 293 als  ** 36.2 459 3.8 408 ** fl 4.2 58.3  46.2 499  **
Florida Tl M4 26 N7 20+ 1.2 4.8 135 0 ** | a7 6.9 150 157 **
2 Small R =7 Medium R = 14 Large R = 28
Lat ¢ = 30° Up | 100.8 99.9 98.1
. v 0 19.1 40 1.0 280 0 22.4 40 1.0 2801 o 25.7 40 1].0  28.0
aP=234MnHy | g9, 9gg 912 947 032 g4 9.6 924 939 1024 | geg 96 B8 9H3  100.8
Grayton Beach, He| 27.9 31 200 sla o+ 3.9 4.6 3.6 405 ** | M3 58.4 4.4  50.1 *
Florida Tl 14 26 16 120 .. 130 W8 W4 w9 *r | us 70 1A 157
3 Small R = 7 Medfum R = 14 Large R = 29
Lat ¢ = 30.5° Up| 1005 99.6 97.6
ap=-233dnng ¥ 0 9.0 40 1.0 28.0 0 22.4 40 1.0 280 o 25.8 40 1.0 280
. 9y 8.9 98.4  90.9 94.4  102.9 88.1 99.3 90.1 103.6 102,01 | 8.4 99.3 .4 9.9 100.4
pensacola, Wl 27.8 360 200 313 e 3.7  45.4 374 M0.3  *x | 445 58.8 4.6 50.3  * %
Florida Toi V.4 126 1.6 121 . 131 148 134 139 »x il 128 7.0 152 15.8 *»
4 Small R= 7 Vedium R = 14 Large R = 30
Lat ¢ = 30.5° Up| 100.3 99.4 97.2
ape23ziang ¥ 4 19.0 4.0 - 1.0 280 0 22.3 40 1.0 280 o 25.9 4.0 110 28.0
. 9 U 8.8 983 90.8 943 t02.8[ 8.9 997 8.9 934 1019 | 8.0 9.0 8.0 9.5  100.0
K| 277 340 290 3L2  wx 3.6 453 373 4.2+~ | 448 5.3 4.9  50.7 * v
Tej 13 126 16 120w 1B Wy 34 139 x| s 170 5.2 15,8  **
* % FORVARD SPEED GREATER THAN CRITICAL FORVARD SPEED
TABLE 111~ 8
DEEP WATER WAVES
STANOARD PROJECT HURRICANES FOR GULF COAST U.S. ZONE 8
{ CONTINUEQ)
Stat Crit  Slow Mad Fast Stat Crit Slow Med Fast Stat Crit Slow  Med Fast
5 small R=7 Medium R = 14 Large R = 30
Lat ¢ = 30° Up | 100.4 99.5 97.4
v 19.0 40 1.0 28.0 0 22.4
ap=2.32 . 4.0 1.0 28.0 0 26.0 4.0 1.0
- U B9 oas  ag 94.4 102.9 | 8.0 99.2  92.0 93.5 102.0 || 86.2 9.2 8.2 9.7 lggig
Louisiann* Hp | 27,7 340 290 3.3 aw 3.7 45.4 374 403 »x || 45,0 59.5  47.1 509w s
Tg | M4 2.6 N6 1201w 131 148 3.4 139 s« 189 17.1 6.2 158w w
6 smal] R =7 Medium R = 14 Large R = 29
Lat ¢ = 29.5° up | 100.7 99.8 97.8
v 0 19.1 40 1.0 2gp 22.4 40 1.0 ] 25.9 40 1.0
4P =2.334n H 3 28.0 28.0
9 e | 891 9.7 91.1  g4.6 103.1 o 99.0 9.3 93.8 102.3 || 86.6 9.6 88.6  92.1 100.6
Lake Barre, He | 278 341 291 34 xw 3.9  45.6 3.6 40.6 ** | 44.8 59.2  46.9 507 w*
Louisiana Tp f N4 1260 M6 120w 13,1 4.8 134 140 ** [ 1a9 17O 152 158 e
7 Small R = 7 Madium R = 14 Large R = 29
Lat ¢ = 29.5° Ug | 100.9 100.0 98.0
v 0 19.1 40 1.0 280 0 22.5 40 1.0 25.9 40 N0 280
4P =2.344n K 28.0 .
9 U | 89-3 989 913 948 1033 | 885 9.8 90.5 940 1025 ob.s 9.8 8.6 923 100.8
March 1s1and We | 279 3s2 292 34 x|} 360 5.8 3.7 0.6 ** [ a9 59.3  47.0  50.8  x
Loutana ’ T 1.4 12.6 1.6 12,1 o« 13.2 14.8 13.4 140 * o 14.9 17.1 5.2 15,8  **
8 smll R=7 Medium R = 14 Large R = 29
Lat ¢ = 30° Up |101.3 100.4 98.5
AP =2.3% tnHg ¥ 0 19.1 4.0 1.0 28.0 0 22.5 40 1.0 230 | ¢ 25.7 40 M0
9 Up | 896 982 916 9501 1036 | 8.8 10001 90.8 943 1028 | 8.2 1002 8oz 9.7 15?22
Grand Chenier, Wy | 280 343 293 a1 e 3.1 45.8  37.8 407 xx | 44.5 58.7  46.6  50.3  « »
Louisiana Tr n.4 12.6 1.7 120+ 13.2 14.8 13.5 4.0 LR 4.8 17.0 5.1 157 e

* * FORWARO SPEED GREATER THAN CRITICAL FORWARD SPEED
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TABLE [V - A
QECP WATER WAVES

PROBABLE MAXIMUM HURRICANES FOR GULF COAST U.S. ZOME A

K . jstat  crit Sl Md Fast | stat Crit  Sloa  ted  Fase | Stet  Crit Slas  Med  Fast
1 Small R= 4 Medium R = 7 targe R = 11
Lat ¢ = 24° U | 1328 1321 131.7 B
sp-zozimmg B | 0, (84 30 100 10 ] 21.3 3.0 0.5 17.0 0 2 3.0 10,0 17.0
s ) . . . M4 100 158 11903 12208 | Mg 126.0 1154 Nsl9 1224
Mp| 290 3.9 .8 3.6 335 | 6.8 40 I8 400 a5 ®.5 545 4.7 485 5.4
Te| TRZ120 w4 7120 | j2s 4T 130 134 138 1.4 159 146 15.0 154
2 Small R = 4 Mediun R = 7 Large R =12
Lat ¢ = 25° g | 1308 130.1 129.5
29 =35 10t | ”g s Bz 300 100 110 0 21.2 3.0 10.0  17.0 0 g4 19 09 179
s . 9 143 7.8 1213 | vz 230 10 11705 1210 | wizo 1262 NES 170 1200
Mol 285 333 2.2 311 329 | 61 432 ¥ 9.4 4.8 4.3 5.7 465 9.4 524
Rl oMaor200 3 e 120 [ iz Mo 290 133 187 195 161 W7 152 156
3 Small R= 4 Vediun R = 8 Large R= 14
Lat ¢ = 26° U [T 127.0 126.3
ap=aeainng ! 0o 8.0 4.0 1.0 17.0 0 21.7 40 10 1.0 0 2.1 4.0 1.0 17.0
Ups| 1103 119.3 1123 1158 118.8 | 109.9  120.8 11L.9 1164 1184 | 1093 1219 1.3 148 7.8
) We | 277 324 287 306 322 | 3.2 a9 BS540 8 4.9 583 487 5.2 545
L”"‘“' Florida Te| MO M9 M2z w5 M8 | 130 143 133 137 180 4.9 166 151 156  16.0
4 Small R= 5§ Medium R = 10 Large R = 18
Lat ¢ = 27° Up | 124 123.5 122.5
sp-aminng || 0 18.9 40 1.0 180 0 2.7 40 1.0 180 9 %.1 €0 110 180
ks .3 116.8 109.3 W12.8 1163 | 106.8  118.2  108.8 1123 158 | 106.0 9.1 108.0 1.5 1180
Mg | 2.6 3.0 307 327 348 | 9.6 485 411 438 6.6 9.1 6.9 5.0 544 57.8
tenon Bay, Floridar | iy 25 7 20 124 | 136 6.0 138 143 147 | 163 172 156 161 16.6
5 Small R = 6 Mediun R = 12 )' Large R = 21
Lat ¢ = 28° Up | 1210 120.3 19.1
sp-sansmng ¥ | 0 19.6 4.0 1.0 19.0 o 23.6 4.0 1.0 19.0 0 2.5 4.0 1.0 19.0
s .7 A5 1087 0.z 11a.2 | 104.0  115.8  106.0 109.5 113.5 | 103.1 116.4 105.1 108.6 112.6
He | 311 372 323 34 3.0 | #6515 432 460 495 4.8 635 5.8 55.3  59.5
Oueein, Flortda ¢} 415 120 123 125 129 | 100 66 W2 147 153 | 155 W5 168 163 169
6 Smatl R =6 Medium R = 13 Large R = 24
Lat ¢ = 29° Up | a7 n7.8 6.4
ap-szzmug L | 8 19.4 40 1.0 2.0 0 23.7 4.0 L0 2.0 ] 26.4 4.0 1.0 20.0
s 7 M2l4 1047 1082 1127 | 1019 113.8 1039 107.4 1119 | 10007 1140 w027 106.2 1107
Yankeeton Mo | %04 3.4 316 337 e+ M6 519 4.3 462 50.2 505 649 525 56.2  61.0
Homaem Rl VT 28 1200 24 x| w0 157 143 148 154 196 177 189 W5 172 |
7 Small R = 7 Medium R = 14 Large R = 26
Lat ¢ = X° U | 1168 115.9 14.3
e -aizimug |00 20 40 N0 20 0 23.8 40 Mo 210 0 27.0 40 M0 210
s 00 ML 3.0 1985 1115 | 0.2 N2 1022 1057 1107 %8 183 100.3 1043 1093
Hp | 39 3.5 3301 354 a7 522 43.4 864 50.9 50.5 653  52.6 56.3 62
Tel 121 133 123 7 181 157 143 148 15.5 .7 17.8 0 16.0 6.5 17.3
Carbur, Florida
._l
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TASLE IV - B
DEEP WATER WAVES
PROSABLE MAXIMUM HURRICANES FOR GULF COAST U.S. ZONE B
Stat  Crit  Slow  Med  Fast | Stat  frit Sl Med Fast | Stat Crit  Slow  Med Fast
1 Small R=7 Medium R = 14 Large R = 27
Lat ¢ = 30° U | M58 8.9 13.2
AP -3.08inHg V 0 20.2 40 1.0 280 0 24.0 4.0 1.0 80| 0 27.3 5.0 1.0 28.9
. Upg | 2.5 112.6 1045 1080 1165 | 1017 137 1037 107.2 157 100.2 M3 102.2 1057 1142
Apatachicola, Hp | 323 3.0 336 359 ** | 42,3 528 439 46.9 ** | 5.8 66,9 53,9 57.6 **
Florida T 12,1 13.3 12,4 12.8 * 4.1 15.8 14.4 149 * % 15.9 18.0 6.2 _16.7  **
2 Small R=7 Medium R = 14 Large R = 28
Lat ¢ = 30° Ug | 5.3 Nna.3 112.5
N . v 0 20.2 4.0 N.0 2804 0 23.9 4.0 1.0 28.04 0 27.4 3,0 1.0 280
4P =3.05 in H
. 9 Upg ! 1020 121 1040 1075 116.0 [ 102 M3z 1032 106.7 V5.2 | 99.6 113.3 1016 1051 1136
Grayton Beach, Ho | 321 388 3384 357  «x | 420 525 43.7 867 *» | §2.0 67.3 541 §7.9 **
Florida To| 121 raa 124 28 wxx | 18 5.8 W4 W9 x| 159 18 6.2 6.8 **
3 Small R =7 Medium R = 14 targe R =29
Lat ¢ = 30° Up | 187 113.8 11.8
aP=3.02inmg ! 0 200 40 1.0 200 0 23.8 20 1.0 280} 0 27.6 40 1.0 28.0
. Upg | 100.5 1116 103.5 107.0 1155 | 100.7 1126 102.7 106.2 114.7 | 98.9 137  100.9 104.4 1129
H 2.0 8.6 3.3 3.5 **+ | 1.8 52,2 434 465 »» | 522 67.8  54.4 582 x%*
Pensacola, R
Florida Te | 120 13 123 127 L IRT R 15.7 W3 188 «x | 159 182 163 168 **
4 Small R =7 tedium R = 14 Large R = 30
Lat ¢ = 30° v | a7 13.8 11.7
. v 0 201 4.0 11.0 28.0 | 0 23.8 4.0 1.0 2804 0 27.7 4.0 1.0 28,0
aP=3.02 .
3.02 in Hg Ups | 0.5 1116 1035 107.0  115.5 [100.7  112.6  102.7 106.2 114.7 | 98.8  113.7 100.8 103.3 112.8
Mebile, Mabana R | 320 3.6 323 355 »x [ #.8 522  43.4 865 % | 52,8  68.6  54.9 58.8  xx
' Tr 2.1 13,3 2.3 2.7 % i 14 15.7 1.3 18.8 x| 1601 18.3 6.4 16,9
* * FORYARO SPEEQ GREATER THAN CRITICAL FORWARD SPEEO
TABLE IV- 8
DEEP WATER WAVES
PROBABLE MAXIMUM HURRICANES FOR GULF COAST U.5. ZONE B
{CONTINUEO)
Stat Crit Slow Med Fast Stat Crit 5low Med Fast Stat Crit Slow Med Fast
5 Smalt R= 7 Medium R = 14 Large R = 30
Lat ¢ = 30° Up | 8.7 113.8 n.7
N v 0 20.1 4.0 1.0 280 0 23.8 4.0 1.0 280 0 21.7 40 M0 280
AP =3.02 in Hg Upgll 101.5 NM2.6  103.5 107.0 1155 || 100.7 112.6  102.7 106.2 114.7 98.8 2.7 100.8 104.3  112.8
He | 3.0 386 333 3.5 xx a8 52,2 434 465 x 52.8  §8.6 54,9 58.8 % *
ew Orleans, R
Florida o 121 133 123 127 xx | 140 15.7 143 148 ** 6.1 18,3 16.8 16,9 *
6 Small R = 7 ediun R = 14 Large R = 29
Lat ¢ = 30° Ug I M5 14.1 23.9 40 1.0 2.2
N v 0 20.2 40 1.0 2.0 9 28.0 27.6 40 11.0 280
4P=3.00dnHg i j01.8 171109 1038 1073 1158 | 1010 1130 3.0 1965 1500 993 113.2 1014 1049  113.4
Lake Barre He | 321 388 334 857 «w 4.9 524 436 46.6 ** 52.5  68.1 54.6  58.4 % x
Loutsiana Te| 120 13 123 2.8 %« 14,1 5.8 144 189 xx 6.0 182 16.3 169  xx
7 Small R = 7 Medium R = 14 Large R = 29
Lat $ = 30° Up | 1150 18.5 N2.6
- v 0 20.2 4.0 1.0 28.0 0 23.9 4.0 11.0 28,0 0 2.6 4.0 1.0 28.0
AP=3.061nHg y | w22 2.3 1042 1077 62z | 014 134 1034 1069 154 9.6 1134 1016 1051 1136
March 1sland He | 32.2 389 335 6.8+ 2.1 52,6  43.8 46,8 ** 52.7 683  54.8 58.6 *
Louisiana Ta 120 133 2.4 12,8  *x 14.1 15.8 1.4 189 xH 16.0  18.2 6.3 16.9 * x
8 Small R = 7 Medium R = 14 Large R = 28
Lat ¢ = 30° b I me.2 5.3 UER
. v 0 20.2 4.0 1.0 280 0 24.0 4.0 1.0 280 [ 27.5 40 1.0 28,0
AP=300MnHg b ojo2.8 1123 042 107.7 1%6.2 | 1020 3.4 1034 196.9 1i5.4[ 1004 1134 016 1051 1136
Grand Chenier He || 324 39 R.7 %0 x+ 82,4 53.0 441 471 % 52.5 67.9 54,7 585 %
Louisiana Te 12,2 13.4 12.4 12.8 * * 14,2 15.8 14.4 14.9 * * 16.0 18.2 16.3 16.9 * x
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TABLE V - 1
DEEP WATER WAVES
STAHOARD #ROJECT HURRICANES FOR EAST COAST U.S. ZONE 1
stat ceit  Slor  Md  Fast | Stat  Crit Sl Med  fast |Stat  Crlt  Slaw  Med  Fast
1 Small R = 4 Vediom R = 7 "Terge R= 0
Lat ¢ = 23° Up | 1229 N 122.6 122.3
5P =342inng ¥ 9 7.8 3.0 100 16.0 o 2.7 3.0 0.0 60| o 228 3.0 0.0 6.0
Up| 1063 1152 T07.8 1.3 143 | 1061 165 107.6 M 140 ] 1058 N7z 107.3 108 1138
e | 269 316 276 2.5 311 341 410 30 7.4 9.8 | 9.6 86 0.7 434 458
Te| 09 18 Mo e N7 125 137 126 130 134 136 1.0 138 142 146
7 smllR=4 Mediun R = 7 Large R = 11
Lat ¢ = 24° v | 1215 21 120.7 T
ap- 33t ing ! o 1727 30 w00 170 o 0.6 3.0 100 17.0{ 0 3.2 3.0 0.0 170
U] 1051 11308 1066 1101  M3.6 | 1048 11501 106.3 109.8 113.3 | 1084 1.0  105.9 109.4 112.9
we| 265 30 27z @m0 39| W5 .5 M5 368 9.2 | 4.6 0.1 417 4a6 474
Te| 108 M7 09 L3 1L7| 24 136 125 130 134 138 153 140 144 149
3T Small R = 4 - Vedium R = 7 lorge R=12 |
Lat ¢ = 25° U | 196 9.3 8.7 o
ap=328mnm ! 0 176 30 100 170 o 0.4 3.0 w0 70| o 2.5 3.0 100 170
Ugg| 1095 M23 1080 1085 112i0 | 1032 M35 1047 1082 NL7 | W27 1185 1045 1077 110.2
e | 2.0 3.6 267 285 0.4 29 307 339 362 385| 4.3 5.3 45 5.4 484
| 107 ME 08 M2 M| 123 15 124 129 B3] 139 155 141 146 150
4 Small R = 4 Wedium R = § targe R= 13
Lat ¢ = 25.5° Ul 188 118.0 7.5
ap=318inHg V¥ 0 17.5 3.0 w0 70| o 2.0 30 100 10| o 23.9 3.0 10.0 170
Upsl 1025 1113 1040 1075 10| 1020 1126 w36 107.7 10,6 ] 1016 N36 1021 106.6  110.)
Me | 257 30.2 264 282 0.0 344 4.9 B4 39 M0.4] 422 527 434 464 A5
el 1.6 5 0.8 Tz S| 126 139 128 132 136f 4.1 158 143 148 153
5 Small R = 4 Medium R = 8 Large R= W
Lat ¢ = 26° up | 116.8 116.3 115.6
ap=30sinng ¥ 0 17.4 40 1.0 170 0 209 40 10  17.0| o 281 40 1.0 17.0
Upg| 108.0 109.7  103.0 106.5 109.5 | 100.6 121.1  102.6 1061 109.5] 100.0 32,9  102.0 105.5 108.5
e | 5.2 298 262 8.1 0.7y 338 4.2 %2 3.6 39.8] 424 532 e 41 499
Te| .6 s 08 1A M| 25 138 127 132 16| 42 159 145 150 154
6 Small R =5 Medium R = 10 Large R = 18
Lat ¢ = 27° [ M2 s 110.6
ap=z2.86inng ¥ 0 18.1 4.0 11 180 o 2.8 40 M0 180| o0 24.8 40 1.0 180
Ups| 97.0 1061 99.0 1025 106.0 | 96.5 107.5  98.5 102.0 107.5| 9.6 108.0  97.6 10l.1  104.6
Wl 265 3.7 27.6 296 37| 3.5 440 7.0 307  42.5]| 43.6 565.6 454 484 522
T | 0.8 120 12 M6 Mz0f 129 Wa B2z 137 | 145 164 a8 153 159
TABLE V - 2
EEP WATER WAVES
STANOARD PROJECT HLRRICANES FOR EAST COAST U.S. ZONE 2
Stat crit Slow Hed Fast Stat crit Slow Med Fast Stat Crit Slow Med Fast
7 Small R = 6 Vedium R = 12 Large R = 25 R
Lat ¢ = 28° U [ 10625 105.7 1081
R v 18.6 a0 .0 19.0] o 222 40 1.0 190§ 0 2.7 40 1.0 19.0
aP=2891nKg y | e21 014 941 776 0ls| 9.4 1025 934 9.9 9.9 9.1 1030 921 9.6 9.0
e | 271 328 283 w4 oxx | 39 451 35 03 47| 6.2 9.0 4.2 0.8 852
wl maroza oma ome <r fsa 1.7 132 139 146 189 17.0 152 5.8 6.4
z Small R= 7 Medfum R = 15 Large R = 32
Lat ¢ = 29° g [ 027 101.6 99.5
v 0 19.1 40 M0 20| 0 228 40 10 20( 0 26.0 40 1.0 200
bP=2821nHy y | .8 984 908 955 988 | &7.9 992 899 2.4 97.9| 8.0 990 880 9.5  96.0
Ha| 27.8 361 290 3.4 ++ | 368 4.0 385 M6 57| 462 5L5 484 523 576
TR 1.4 12.6 1.6 120 * * 13.3 15.0 13.6 14.2 14.8 15.1 17.4 15.5 16.1 16.9
3 Small R= 7 Medium R = 17 Large R = 38
Lat ¢ = 30.5° Vg [ T00.0 98,7 95.9
R v 0 8 40 1.0 2.0 | o 230 4.0 1.0 20| 9 2.7 40 110 2.0
aP=2421nMg y | gss 959 885 9200 97.0 | .3 9.8 973 908 58| 8.0 964 a0 885 935
We| 270 33.2 282 W5 ** 36.9  47.6 387 4.9  46.6) 46.2 623 485 525 587
Tl 12 124 M5 Mg #* 13.4 1.2 137 4.2 15.0] 152 176 155 162 171
7 Swall R= 7 Vediun R = 17 Large R= 38
Lat ¢ = 30° [ -2 97.9 95.1
. v 0 B8 40 1.0 220 | o 2.9 40 11.0 20| o 2.5 40 1.0 220
ap-23inbg gt gsp 95z &8 03 9.9 | ey 962 87 2 57| 822 955 sz &7 92
We| 26.8 329 280 303 ** 36.5 471 383 414 46.7| 45.6 6.5  47.9 519 587
| Mz 24 s mg oxx 13.3 B 136 182 1500 5.1 175 154 161 170
5 Small R = 7 Vediun R = 18 Large R = 40
Lat ¢ = 31° v | e 97.4 94.4
v 0 188 40 1.0 2.0 [ o 23.1 20 w10 230 9 2.6 a0 1.0 2.0
aP=22inMg y | g55 949 875 90 79.0 | ‘e4.2 958 862 8.7 957{ 8.7 950 837 82 932
We| 2.7 328 2z9  m2 ** | w0 478 388 2.0 4.8 458 620 41 522 596
| Mz 24 ua g e 134 153 137 143 s.2) 150 7.6 155 160 172
3 Small R = 7 Mediun R = 18 Large R = 40
Lat ¢ = 32° v [ 98 97.1 94.0
v 0 187 4.0 120 2.0 3.0 40 120 2.0 0 2.5 40 120 2.0
ap-z2in¥e y | g3 947 ez 93 983 | 840 955 8.0 9.0 97.0 8.4 9477  8lL4 8.4 944
Mo | 26-6 328 2.9 m5 ** 36.8 4.5 385 422 *v | 454 6l 47 2.4 6l
Rl maoze ma ng e 13.4 1.2 137 143+ 150 7.5 154 162 1715

.
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TABLE ¥ - 3
DEEP WATER WAVES
STAYDARO PROJECT HURRICANES FOR EAST COAST U.S. ZONE 3

Stat  Crit  Slow  Med  Fast | Stat  Crit  Slow  Med fFast fStat  Crit  Slow  Med fast
i Small R = 7 Vediun R = 18 Large R = 1
Lat ¢ = 33° [ TN 97.1 9.9
i v| oo 1.7 2.0 130 .0 [ o 23.0 4.0 130 30,0 9 %.4 4.0 1.0 300
4Pl 2,27 in Hg, Ugs| 853 947 87.3 9.8  35.3 | 840 9.5 86.0 90.5  99.0 8.2 946 832 8.7 9.7
We | 6.6 328 27.9  20.8 s | 366 47.4 3.4 425 %+ 8.2 611 4.4 527
Te| M w4 4 20 we |ng B2 37 144 *e 1O 174 5.4 6z v
2 small R = 7 Medium & = 17 ' Large R = 37
Lat ¢ = 34° g [958 98.0 95.1
. v| oo 18.8 5.0 1.0 340 o 22.8 5.0 150 340 0 26.2 5.0 150 34.0
aP-z3@inMy y | g1 955 s 936 W31 | san 9.2 8.3 923 W8 | 2a I &8 BE &S
e | 26.8 3.0 284 3Ly ++ | 363 4.7 385 43.0 *w 4.7 6.0 8.4 532 **
T | M2 za s 22 oee |3 150 137 44 e M9 173 154 163 **
3 Small R = 7 tediun R = 17 Large R = 35
Lat ¢ = 35° Yy | 99.9 98.4 9.7
abezswintg ¥ | O 18.9 50 170 380 0 228 50 1.0 8o o 26.0 5.0 1.0 380
. 9 Up| 864 wsla esly  9al9 1054 | s 9.5 816 96 1041 | s2.8 9.8 8.3 9.3 1018
e | 2720 3.3 286 26 ** | 364 6.9 86 481 ¥ 483 59.2 470 538 N+
Tel M2 25 s 13w | 133 1) 137 W6 ww el 153 6.3 +*
4 Small R = 7 tedium R = 17 targe R= 34
Lat ¢ = 35.5° UR 99.9 928.3 95.8
ap=237tnHg ¥ | Q 18.9 50 180 0 o 22.8 5.0 180 40.0{ 0 25.8 5.0 18.0 0.0
. Ups| 8.4 959 sai9 %54 106.4 | 85 9.5 87.6 9.1 105.] || s.8 1057 853 918 1028
He | 221 333 87 Bo o+ | 36 2.9 3B.6 445  ww 3.9 587 466 580 **
Tl M2 s e a4 wx |33 B 17 187 e W8 w1 152 164 v+
5 Small R = 7 Medlun R = 17 Large R = 34
Lat ¢ = 36° Yy | 99.6 98.) 95.5
AP 2.3 inHg ¥ 9 18.9 6.0 2.0 42.0] o 22.8 6.0 20,0  42.0 0 5.8 6.0 200 42,0
. Up| 8.2 957  09.3  %.2 107.2 [ 84.8 9.2 8.8 9.8 104.8 | 82.6 95.5 85.6 92.6 103.8
Hp | 220 333 289 xx s | 363 6.7 389 454 ++ | 47  ses 4.0 550
Tol M2 25 6 4w w133 B 37 M e W7 170 8.3 65
3 Small R= 7 Mediun R = 17 Large R = 35
Lat ¢ = 37° v [ 987 97.2 94.3
4P 2.3 inng ¥ 18.8 7.0 2.0 40§ 0 22.7 7.0 22.0 5.0 0 25.8 7.0 220 5.0
. Uil 854 ss esls sl 079 | e 9.4 875 950 1055 || sl.6 1045 850 926 1041
Ho | 26,8 331 291 xx ww | 359 %.3 39.0 4.0 xw 3.4 582 4.2 559 v
[N e N A RN 1BO 138 149 ww w7 170 183 167 **
* *FORMARDSPEED GREATER THAN CRITICAL FORKARO SPEEQ
TABLE V - 4
DEEP WATER WAVES
STANDARD PROJECT HURRICANES FOR EAST COAST U.S. ZONE 4
stat  Crit  Slor  Med  Fast || Stat  Crit  Slee  Med  Fast || stat trit  Slow  Md  Fast
1 Small R= 7 o Medium R = 18 Large R = 37
Lat ¢ = 38° | 9 9.8 EN
v 0 18.8 9.0 2.0 47.0 | 0 2.8 9.0 250 470 0 25.8 9.0 2.0  47.0
AP=2.324nHg y | ga4  93l8 889 .9 W07.0 | 829 93 97.4 953 106.4 | 80.2 €. 847 ez7 1035
He | 26.6 2.6 205 % x| 361 867 4001 ww  we | 432 $8.3 482 v« >
7 Mz 24 18 s owe L33 B 0 s oxw 187 7.0 155 e ..
R —
2 Smell R = 7 vediun & = 19 targe R - 38
Lat ¢ = 39° G| 59 939 0.5
v 0 18.7 1.0 27.0  49.0 0 22.9 .0 27.0 49,0 0 25.8 1.0 27.0 49.0
SPe227inMg o | g9 923 984 9.4 107.4 | 812 %27 8.7 97 W67 || 784 1013 8.9 9.9 1029
e | 6.2 w5 2.8 o+ e+ | 360 6.8 40 xx wa | o427 57.9 489w .
Tl M1 izs e xr we 33 150 M2 e s ) W6 7o 156 W .
3 Small R = Medium R = 21 Large R = 43
Lat ¢ = 40° U | 938 91.6 87.9
v 0 191 W0 320 500 0 2.2 140 320 500 | 0 25.8 1.0 320 50
aPme2ling y | g, w3 ez 72 W62 | 793 909 863 %53 1043 | 76.0 8.9 8.0 2.0 101.0
Hp 26.9 33.7 3.8 v+ x> 36.2 47.6 4.9 e . 42.4 8.0 50.5  wx i
Te| M3 nze 23 e e w3 1530 M5 e we || W6 7.0 159 = ..
T [ Smalt R = 8 T MedimR=22 TlareeR=8 |
Lat ¢ = 40.5° U | 929 9.5 8.6
v o 191 140 ;o sLa | 0 23.3 4.0 33.0 L0 0 5.8 140 3.0 510
4P=2384n Mg y | g3 &9 813 .8 5.8 783 00 83 948 1038 | 749  ws 819 94 100.8
Ha| 2.7 34 35 e aw %3 a9 81 «x v | a2 57.9 504 xe *x
Tl 12 125 122 ew  ww [ 138 154 WE e ww 145 AT X I .
5 Small R= 8 T kedimR= 28 - Large k=48
Lat ¢ = 41° i 917 88.9 84.8
v 0 19.0  15.0 3.0 510 o 23.4 1.0 340 510 0 5.9 1.0 340 510
aP=214inHy y | 793 sais 88 9.3 1048 | 769 86 84 99 1020 724 B2 789 W4 SS9
HRS 2.3  33.0 3.5 xx  xx | 365 484 439w+ e | 419 58,0 50.9 o+ ..
Tl M2 es 122 e ww |34 s W7 ew ww | 1S 17.1 .
[ 7s o Small R = 8 1 )
Lat ¢ = 42° v [ 86 8.2 81.9 e
s ) X 16 520 o 23.6 160 3.0 5201 0 5.8  16.0 36 .
4P =2.07 in Hg ﬂﬂs ns ks B 103.5 | 7a.5 864 826 926 1006 | 70.8 8.7 788 8.8 968
Ho 25.7 32.3 3 i 36.4 4.9 44.6 Ko a.1 57.4 50.9 ** i
TRl M za 2 L BRI EX SR T R A A IR EN] 7.0 160 ** .
| Small R Medium R = 31 Large R = 57
78.5
Lat ¢ = 43° Ui 8.0 8.1 i
190 170 %0 0 238 7.0 3.0 520 0 25.6 170 3.0 52.0
AP =1.99 in Hg ﬁ,s .3 e B3 WL 53| Ae s @4 w4 B9 e 0.7 6.4 %4 939
el 25,9 32 R % e | 363 493 454 ee  we | w0 6.4 506 ** ..
L LA XL A T LR A R B A B 6.9 160 xx  *x

* *FORJARO SPEEO GREATER THAN CRITICAL FORWARO SPEEO



HURRICANE DESIGN WAVES

TABLE VL -1
OEEP WATER WAVES
PROBABLE MAXIMUM HURRICANES FOR EAST COAST U.S. ZGWE 1

193

Gt st o _past |

Stat Crit Slow Med Fast Stat Crit Sow Med Fast L
[ 1 small R =4 Medium R = 7 Large R = 10
Lat ¢ = 23° U | 1828 132.3 132.0
v 18.4 3.0 10.0 16.0 0 21.4 3.0 10.0 16.0 0 23.5 3.0 10.0 16.0
AP =38 inlg 4 Wiy 1239 nez 199 1227 | Mes sz 160 Nes 125 | 14z 1.0 1157 w2 1222
HR 29.2 34.0 29.9 3.8 33.4 37.0 44,2 38.0 40.3 42.3 43.0 52.3 4.1 46.8 49.2
TR 1.3 12.2 1.4 n.7 12.0 12.9 141 134 3.5 13.8 140 15.5 14.3 14.7 15.1
B B Small R = 4 Mediun R = 7 Large R = 11
Lat ¢ = 24° UR 132.5 132.1 131.7
v 0 18.4 3.0 10.0 17,0 0 21.3 3.0 10.0 17.0 0 231 3.0 10.0 17.0
SP=397dnMe o i mae 12308 160 11906 1230 || 183 12500 1158 19,3 1228 | 1139 1.0 154 1189 12204
HR 29.0 33.9 29.8 3.6 3.5 36.8 44.0 37.8 400 42.5 44.5 54.4 45.7 48.5 51.4
TR n.z 12.1 .4 1.7 120 12.9 4. 13.0 13.4 13.8 14.4 15.9 14.6 15.0 15.4
3 Small R = 4 Medium R = 7 Large R 2
Lat 4 = 259 Up | 13009 130.6 130.0
AP =381 00 17.0 0 21.2 3.0 100 170 0 24.5 3.0 100 170
= 3.88 1n Hg 183 12,8 | 113.0 2236 146 1180 125 || 1125 124.8 1140 117.5 1210
3.2 3.0 36.3 43.4 37.2 39.5 4.9 45.5 §5.9 46,7 49.6 52.6
1.6 12.0 12.8 14.0 13.0 13.4 13.8 14.6 16.1 14.8 15.2 15.7
4 =4 Medium R = 8 Large R = 12
Lat ¢ = 25.5° 130.0 129.4
17.0 0 21.9 3.0 10.0 17.0 4 24.9 3.0 10.0 17.0
8P =3.85 inHg 12103 || mz.a 123 w39 11704 12009 1.9 1244 1134 169 12004
32 381 459 .2 4.6 4.1 | 6.8 7.8  48.0 5.0 541
me 1 1.2 145 134 138 4.2 | 4.8 164 15D 155 159
5 Medium R = 8 Large R = 14
Lat ¢ = 26° 129.7 129.3 128.6
UR
AP = 3.8 in K ¥ 0 18.2 4, 1.0 17.9 0 21.8 4.0 1.0 17.0 0 25.3 4.0 1.0 17.0
- nhy Uk 2.z 1213 na.2 N7 1207 n.s  ja2.7 1n3.8 7.3 120.3 .z 123.9 1M3.2 116.7  119.7
HR 28.2 33.0 29.3 3t 32.7 37.9 45.6 39.2 4.7 43.9 47.9 59.4 49.6 52.7 55.5
TR na 12.0 .3 1.6 1.9 13.1 14.4 13.4 13.8 L] 15.0 6.7 15.3 15.8 16.2
AL A
6 Spall R =5 Medium R = 10 Large 18
ot ¢ - 27 By 176 we 1 16.0 0 26.4 40 110 160
. v 0 s 4.0 1.0 160 0 3.0 4.0 -0 : . . ‘ :
8% =3.71nHy UN 110.4  120.0 112.4 5.9 118.4 109.9 121.4 1.9 154 17.9 109.0 22,2 Mo M4s 117.0
HR 30.5 36.0 31.6 33.6 35 0.8 50.0 42.3 45.0 47.0 50.8 63.8 52.6 56.0 58.5
TR n.6 2.6 11.8 12.2 12.5 13.7 15.2 14.0 14.4 4.7 15.5 17.4 15.8 16.3 16.7
TABLE VI - 2
DEEP WATER WAVES
PROBASLE MAXIMUM HURRLCANES FOR EAST COAST U.S. ZOWNE 2
- il
Stat Crit STow Med Fast Stat Crit Slow Med Fast Stat Crit Slow Med Fast
1 Small R = 6 Medium R = 12 Large R = 25
Lat ¢ = 28° U | 1286 123.8 122.2
ape3sainng ¥ 0 19.9 4.0 1.0 19.0 0 23.9 4.0 110 19.0 0 27.8 40 1.0 19.0
N U, 107.8 117.8 109.8 1133 117.3 107y 19 109.1 112.6 115.6 105.7  19.6 109.7 .2 ns.2
HR 320 38.3 33.3 5.4 38.0 42.9 53.0 44.5 47.4 50.9 54.5 69.7 £6.5 60.3 64.7
TR 12.0 1341 12.2 12.6 1 4.2 15.8 14.4 14.9 15.4 16.2 18.4 16.5 171 1.7
2 Small R = 7 Medium R = 15 Large R = 32
Lat ¢ = 29° u, 122.0 121.0 118.8
R
AP = 3.41 n 4 ¥ 0 20.5 4.0 110 20.0 0 26.8 4.0 11.0 20.0 0 28.8 4.0 11.0 20.0
N 9 Up5 106.0 116.3 108.0 1115 116.0 104.7 117 04,7 110.2 1147 102.8  117.2 106.8  108.3 112.8
“R 33.5 40.3 34.7 37.0 4.1 45.1 56.4 46.8 50.0 54.1 56.9 74.0 59.2 63.2 68.5
1R 12.3 135 12.6 13.0 13.5 14.6 16.4 14.9 15.4 16.0 16.7 19.0 17.0 7.6 18.3
i Small R - 7 Wedium R = 17 Large R = 38
Lat ¢ = 30° U { 1196 18.2 115.5
ap=3.28inng ! 0 20.3 4.0 1.0 210 0 5.1 40 110 21.0 0 29.3 40 110 2.0
N IIF‘ 103.4  113.6 105.4  108.9 13%.4 102.3  124.9 104.3 107.8 M2.8 99.9 14.6 101.9  105.4 110.4
NR .7 39.4 4.0 36.2 .. 45.6 87.5 47.4 50.6 55.4 58.0 76.3 60.3 64.6 70.8
TR 12.2 13.4 12.4 12.9 * "J 14.8 16.6 15.0 15.5 16.3 16.9 19.4 17.2 17.8 18.7
[ Small R = 7 Medium R = 17 targe R - 38
Lat ¢ = 30.5° Uy [ 1187 17.4 114.6
ap =328 tnHg ! 0 2.2 4.0 1.0 2.0 0 25.0 4.0 1.0 2.0 0 29.2 4.0 1.0 22.0
Uk 102.7  110.8 104.7  108.2 13.7 10,5 114.0 103.5 107.0 112.5 99.1 n3.z7 101.1 104.6 110.1
HR 2.4 391 33.7 36.0 o 45.1 56.9 46.9 50.2 §5.4 57.4 75.5 59.7 63.9 70.8
TR 12.2 13.4 12.4 12.8 L 14.7 16.5 15.0 15.5 16.3 16.8 19.3 1741 17.7 8.7
Small R ~ 7 Thedium R = 13 targe R - 40
tat 3 = 31° u [Ti7e 7i6.3 T3.q
v 0 20.2 4.0 11.0 23.0 0 25.2 4.0 1.0 23.0 0 29.2 4.0 1.0 23.0
AP =3,
320y | vols 1120 03ls q07ia 1134 | 1006 1932 10z, 1063 13 98.1 1027  100.1 1036  109.6
HR 32.2 38.9 33.4 35.7 L 45.5 57.6 47.3 50.6 56.5 57.2 75.5 59.5 63.8 71.4
YR 1z 13.3 12,8 12.8 L 4.8 16.6 15.1 15.6 16.4 16.8 19.3 174 17.7 18.8
6 Small R = 7 Medium R = 15 B Large R = 40
Lat ¢ = 32° Ug | ti6.a 4.9 .9
- v 0 20.1 4.0 12.0 26.0 0 25.0 4.0 12.0 26.0 0 29.0 4.0 12.0 26.0
AP = o .
P =3.14 tn Hg Upg| 100.7 T10.8  102.7 106.7 3.7 || 99.4 111.9  103.4  105.4 312.4 96.8 111.3  98.8 102.8 109.8
Ha 3.e 384 33.0  38.7 . M7 567 46.5  50.3  w# 56.0 74,1 58.4  63.2 72.1
'R 12.1 13.3 12.3 12.8 o 4.6 16.5 4.9 15 16.6 19.1 17.0 17.7 18.9

I . ]
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HURRICANE DESIGN WAVES

TRBLE VI - 4

OEEP WATER WAVES
PROBABLE MAXIMUM WURRICANES FOR EAST COAST U.S. ZONE 4

195

* % FDRWARD SPEED GREATER THA{ CRITICAL FORJARD SPEED

Stat Crit _ Slow _Med  Fast | Stat  Crit  Slow  Med  Fast | Stat  Crit  Slow  Med  Fast
) Small R = 7 Mediun R = 18 Large R = 37
Lat ¢ = 38° Up | 109.0 107.3 104.2
APz inkg ¥ 0 19 9.0 250 470] o 2.1 9.0 25.0 47,0 0 27.4 9.0 25.0 47.0
Ups{ 943 1041 988 106.8 117.8( 92.8 1049  97.3 1053 116.3 | 90.1 1038  94.6 102.6 113.6
Mol 3.0 365 329 x *x | 412 526 453 s+ we (| 498 661 549 wx e
i M8 e 23 vx L TR I T S TN N .7 I8 168 wx ek
'_—z - Smal? R = 7 - Medium R = 19 Large R = 39
Lat ¢ = 399 Uy | 107.2 105.2 101.9
aPe 2.8 g ! 9 19.6 1.0 27.0 9 0 242 1.0 7.0 49.0 ] 2.3 1.0 2.0 49.0
. gl 927 1025 982 1062 M7.z) 91.0 1031 9.5 1085 1155 | 8.2 lo1.9 837 1007 Nzt
o | 295 361 332 *x ex @ 527 462  ++  wx | 9.3 658  55.6 655 *w
Tl D7 129 124 xx w140 160 5.0 xw e w 156 180 166 18.0  x e
3 Swall R=8 T Twedtm R = 2t T large R+ 43
Lat ¢ = 40° U [T088 70z2.6 - 8.9 Bl
Y 9 202 140 32.0 500 0 2.5 4.0 32.0  50.0 0 2.4 140 320 50.0
4P = 275 in kg Upg| 907 1008 97.7 1067 M7 8.8 1011 95.8 1048 13.3 | .6 9.3  92.6 101.6 10.6
Ho| 306 378 35 ww x| 414 535 481wk ww 8.9 659 573 xx  xw
To| 120 133 129 s wx 142 160 153 e ww 15.6 181 169 xx  ww
1 a small R= 8 Medium R = 22 Large R = 45
Lat ¢ = 40.5° g [103.7 101.3 97.3
4P =2 tnug ¥ 0 201 M0 30 5.0 0 246 140 3.0 51.0 0 27.4 140 33.0  51.0
Upl 8.7 s98 967 1062 115.3] B7.6 995 946 100 V131 | 842 7.9 971 100.7 1097
Mol 303 a4 w2 4l M4 538 483 we  ww 4.7 658 5.1 wx  ww
| Rlo1e 12 128 *x ] a2 162 5.4 wx owx 156 81 169 ks ww
5 Small Ry 8 Medium R = 24 Large R = 48
Lat ¢ = 41° U | 1024 99.6 95.5
ab =265ty V 0 200 150 340 51.0] 0 248  15.0 340 5.0 0 2725 150 340 5.0
: Uyl 886 ses  9sl0 0sls  malall se.2 99 937 1032 mM2.0 | s 964 901 995 108.4
He| 2909 w0 B2 +e x| a9 sa8  ag.s  ex wx 4.4 £5.9 576w+ e
TRl me 3z 28 e *x | 143 64 16 +r o 156 1801 7.0 xe xx
* * FORWARQ SPEEQ GREATER THAN CRITICAL FORWARD SPECO
TABLE VI - 4
DEEP WATER WAVES
PROBABLE MAXIMUM HURRICANES FOR EAST COAST U.S. ZONE 4
CONTINUED
" T
stat Crit  Slow  Med  Fast |i Stat _ Crit Sl Med  Fast jStat  Crit Slow__ Med fast
5 I Small R =8 Medium R = 27 Large R = 52
Lat ¢ = 42° g | 100.0 96.6 92.2
P=2.574nHg Y q 19.8 16.0 36.0 520 Q 25.0 16.0 36.0 52.0 0 27.4 16.0 36.0 52.0
o STl 85 969 sas 1045 125 g.6 950 9.5 1015 10906 | 7.8 936 8.8 978 105.8
Me| 202 32 aE s M8 §5.2  S0.2 e ke | 475 653 676 .
Tl M7 133 128 re 164 165 157 wx  wx f 154 181 170 %+ .
I
7 Small R =9 Medium R = 31 Large R = 57
Lat ¢ = 43° Up | 974 93.4 88.8
. v 0 2.1 17.0 370 52.0 0 2.2 1.0 370 5200 o 2.3 17.0 37.0  52.0
aP-28Inte | sa2 943 927 1027 102 | 608 934 8.3 993 los.g | 76.8 905 853 953 1028
Ho| 295 3.0 3.8 s ww 418 659 511 e xx | 466 647 575 *+ .
T M8 133 130 xx ww 144 67 159 +e  wx f153 g0 V0t ..
— o Tey VR
8 Small R = 9 Medium R = 36 Large R = 6)
Lat ¢ = 44° [N I 4 89.8 85.2
. v 0 19.9  18.0  38.0 53.0 9 5.4 180 380 530 0 27.1 180 38.0 530
ap-2indy i 9 o1 909 N9 1084 7.7 904 867 967 l0a2) 7.7 8.3 87 927 1002
iy 28.7 36,1 35.3 o oww a7 56.5 51.9 . . 45 63.2 506 b
L R R 1.4 168 161 o+ wx | 150 129 69
9 ] SmallR=9 Medium R = &) Large R - 66
Lat ¢ = 45° Ug{ 91.6 85.7 81.1
. 5 v 0 19.6 19,0 3.0 53.0 0 4 19.00 300 530 0 2.7 190 9.0  53.0
AP =226 in Hy U| 793 891 ses 988 1059 741 g5.8  83.6  93.6 100.6 70.7 8.5  79.6 89.6  96.6
He| 277 %o s rx e 0.9 s6.2 52  wx x| 83 614 558 *+ .
Tl S 129 29 s e 3 168 162 o+ +wx || 148 176 168 . x
— o -









