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NATICNAL AERONAUTICS AND SPACE ADMINISTRATION

MEMORANDUM 1-5-59L

THE EFFECT OF BEAM LOADING ON WATER IMPACT
LOADS AND MOTIONS

By John S. Mixson
SUMMARY

An investigation of the effect of beam loading on impact loads and
motions has been conducted in the Langley impact basin. Water impact
tests of flat-bottom S-inch- and 8-inch-beam models having beam-loading
coefficients C, from 62.5 to 544 and a 30° dead-rise 5-inch-beam model
having beam-loading coefficients from 208 to 530 are described and the
results analyzed to show trends of these heavy-beam-loading data with
initial flight-path angle, trim angle, dead-rise angle, and time through-
out the impact. Data from flat-bottom model tests, Cp = 4.4 to 36.5,

and from 30° dead-rise model tests, Ca = 0.58 and 18.8, are included,

along with the heavy-beam-loading data; and variations of these data
with beam-loading coefficients are shown. Each of the load and motion
coefficients is found to be directly proportional to a power factor of
Ca- For instance, the maximum impact lift coefficient CL,max is found

to be directly proportional to CAP‘55 for the flat-bottom model and
0.45 o} . s s .

C th dead- del. Th t th

A for e 30 ead-rise mode ese variations of CL,max wi

Can are found to be in agreement with theoretical variations.

Finally, an empirical eguation for the prediction of cL,max is

presented and is shown to give good agreement with experimental CL,max

for about 500 fixed-trim smooth-water impacts. The range of variables
included dead-rise angles from 0° to 30°, beam-loading coefficients
from 0.48 to 544, trim angles from 3° to 459, and initial flight-path
angles from about 2° to about 27°.

INTRODUCTION

At the Langley impact basin a program has been under way to deter-
mine the effects of model configuration on water impact loads and motions
of chine-immersed bodies for a range of landing conditions. This program
has included investigations of the effects of longitudinal and transverse



011

shape, including curvature and dead rise, at beam-loading coefficients
up to 36 (refs. 1 to 6). Narrow hydro-skis having very high beam loading
have become of interest for applications requiring impact-load allevia-
tion, for example, on high-speed water-based aircraft. Therefore, an
investigation of the effect of very high beam loading on water impact
loads and motions has been made, and the results are reported herein.

In order to extend the range of beam-loaiing coefficient Ca

above 36, water-landing tests of 0° and 30° dsad-rise narrow-beam models
were conducted. A 30° dead-rise 5-inch-beam model was tested with Cp

from 208 to 530, and flat-bottom (0° dead rise) 5-inch- and 8-inch-beam
models were tested with Cp from 62.5 to 544. Time histories of the

loads and motions were measured as the models impacted at fixed trim on
smooth water.

In this report the tests of the narrow-beam models are described
and the results are analyzed to show trends of these high beam-loading
data with time, initial flight-path angle, and dead-rise angle. Data
are then included for beam-loading coefficients from 0.58 to ShL, and
variations of impact loads and motions for this range of beam-loading
coefficients are shown. Theoretical variaticns of maximum impact 1ift
coefficient with beam-loading coefficient are shown and compared with
the experimental variations. Finally, an emyirical equation for the
prediction of maximum impact 1ift coefficient is developed and compared
with a large amount of experimental data.

SYMBOLS

b model beam, ft
Fy vertical component of resultant hy-drodynamic force normal

to undisturbed water surface, 1lb
g acceleration due to gravity, 32.2 ft/sec2
ch distance from step-keel point to :enter of pressure, ft
My pitching moment about the step-kecl point, ft-lb
ng impact-load factor normal to undisturbed water surface, FV/W

t time after water contact, sec



Subscripts:
o

max

resultant velocity, ft/sec
dropping weight, 1lb

velocity of model parallel to undisturbed water surface,
ft/sec

draft of step-keel point normal to undisturbed water surface,
ft

velocity of model normal to undisturbed water surface, ft/sec
dead-rise angle, deg

flight-path angle, relative to undisturbed water surface, deg
mass density of water, 1.938 slugs/cu ft

trim angle, deg

Fy

%pvoeb2

impact 1ift coefficient,

draft coefficient, z/b
time coefficient, Vgt/b

vertical-velocity coefficient, z/z,

My

2oV,

pitching-moment coefficient,

1
center-of-pressure coefficient, —%B

W

beam-loading coefficient, —
pgb

instant of initial contact with water surface

maximam



APPARATUS AND TEST PROCEDURE

These tests were conducted in the Langley impact basin which is
described in reference 7 along with its basic instrumentation. The
equipment consists of a catapult, a testing carriage to which the model
is attached, associated instrumentation for measuring loads and motions
of the model, and an arresting gear. The mcdel is attached to the car-
riage at all times by a boom mounted on a parallel linkasge which permits
the model to move freely relative to the carriage in the vertical
direction.

Models

Drawings and pertinent dimensions of tle three models used in these
tests are shown in figure l(a), and photographs of the models mounted on
the impact basin carriage are shown in figure 1(b). The models were
basically of sheetmetal construction and were designed so that any deflec-
tion under load could be considered negligible. The chines were sharp
enough to insure flow separation, and the parts of the models above the
chines therefore had no effect on the test results. The nose shapes
were determined by operational considerations and had no effect on the
test results.

The 500 dead-rise model was 1llb feet in overall length with a beam
of 5 inches. In plan form it had a transverse step, a prismatic section
12 feet long, and a nose 2 feet long which tapered to a point. A
Fiberglas covered wooden bottom with a constant 30° dead-rise angle was
attached to the sheetmetal body. With this model the range of Ca

covered was 208 to 530.

The flat-bottom 5-inch-beam model consisted of the same sheetmetal
body used in the 30° dead-rise model with a flat steel sheet replacing
the wooden dead-rise bottom. With this model a range of Cp from 208

to 544 was covered.

The flat-bottom 8-inch-beam model was used to cover a range of CA

from 62.5 to 133.7. This model had a rectangular plan form, a 12-foot-
long flat bottom, and a l-foot-long pulled-up nose giving an overall
length of 13 feet.

Instrumentation

The instrumentation for each test consisted of an accelerometer, a
dynamometer, a water-contact indicator, and =lectrical pickups for



measuring displacements and velocities. The data from these instruments,
together with timing at intervals of 0.0l second, were recorded on a multi-
channel oscillograph.

Accelerations were measured in the vertlcal direction by unbonded
strain-gage-type accelerometers. For each test the range of the accel-
erometer and the flat frequency response of the circuit incorporating
the accelerometer were as follows:

Model Accelerometer

B, deg { Beam, in. Range, g | Frequency, cps

30 5 2 13
0 5 2 Lo
0 8 13 13

Pitching moments My about the step were obtained from a strain-gage-

type dynamometer mounted between the model and the carriage boom.
(Moments were measured about the front attachment point and were trans-
ferred to the step.) Moments due to the acceleration of the mass below
the dynamometer were calculated and were found to be negligible.

Model contact with the water was indicated by means of an electric
circuit completed by the water. Horizontal and vertical displacements
were obtained from a photoelectric cell and slide wire, respectively,
as described in reference 7. Vertical velocity of the model was deter-
mined by electrically differentiating the displacement measured by the
slide wire.

In general, the apparatus used in the tests yields measurements
that are believed to be correct within the following limits:

Horizontal velocity, ft/sec $0.5
Vertical velocity, ft/sec $0.2
Vertical displacement, in. . . . . . . . . . . . o . 0. .. 0.2
Acceleration, g . . . + « « « « v . i i v i v v e v v e o ... T0.0

Welght, 1D . v « v v v v e e e e e e e e e e e e ... 410
Time, 5€C . v & v v 4 v v v e v e e e s e e e e e e . e ... . H0.002

The time at which maximum values occurred is less precise than the
+0.002 second given in this table because of difficulty in choosing the
point at which the maximum occurred, although the time of the chosen
point can be determined within +0.002 second.



Test Procedure

A series of impacts were made, at fixed trim in smooth water for
a range of trim, velocity, flight-path angle, and dropping weight. The
dropping weight ranged from 933 pounds to 2,472 pounds, beam-loading
coefficient from 62.5 to 544, trim angle from 3° to 309, and initial
flight-path angle from about 20 o about 20°. The resultant velocity
at contact ranged from about 30 feet per second to about 90 feet per
second. Throughout each impact a force equal in magnitude and opposite
in direction to the total weight of the model and drop linkage was
applied to simulate wing lift. A summary of the flight-path angles
covered at each test condition of trim and beam loading with each model
is presented in table I.

RESULTS

The results of the tests of the heavy-beam-loading models are pre-
sented in tables II to IV. Data from tests of the 5-inch-beam 30° dead-
rise model are presented in table II as basic measured quantities, and
in table III in coefficient form. Basic measured quantities and coeffi-
cient data from tests of flat-bottom 5- anc 8-inch-beam models are pre-
sented in table IV. Data are presented in these tables for the instants
of maximum 1ift, maximum moment, maximum draft, and exit during rebound.

Typical variations of very high beam-loading water-impact data with
time and with initial flight-path angle are presented in figures 2 and 3.
In figure 2 typical time histories of coeff'icients of impact 1ift, moment,
velocity, draft, and center of pressure arc shown for three flight path
angles for the 300 dead-rise model at 150 ~rim, and beam-loading coeffi-
cient of 208. It can be seen that the loac and moment have been very
gradually applied and have sustained flat meaks especially at the lower
flight-path angles. These flat peaks, along with small superposed
instrument or structural vibrations which have been faired out, made
determination of the time of the peaks somewhat uncertain. Because of
this uncertainty, more scatter appears, in general, in those coefficients
which are read at the time of a peak of sone other quantity. In figure 3
typical variations of coefficient data with initial flight-path angle
7, 8re shown for the instants of maximum .mpact lift, maximum moment,

maximum draft, and exit during rebound. Thie data presented are for a
dead-rise angle of 30°, a beam-loading coe’ficlent of 208, and a trim
of 9°. Coefficients of impact 1ift and monent are shown to change very
1ittle (generally about 10 percent for the trims and beam loadings of
these tests) between the instants of maximam 1ift and maximum moment.
This small change can be explained by observing that the maximums occur
at nearly the same time. In figure 3, whea Cg is plotted against 74,



maximum moment occurs slightly after maximum lift. Also, in figure 2,
it is observed that the rates of change of these coefficients are small
in the region of their maximums. The variations shown in figures 2

and 3 are similar in character to those shown in references 1 to 6 for
beam-loading coefficients from 4.4 to about 36.0. This similarity indi-
cates that no change of trends with initial flight-path angle occurs
even with large changes of beam loading.

DISCUSSION

Effect of Beam Loading

The changes of the load and motion coefficlents caused by a change
of beam loading can be seen from figures 4 and 5, where variations of
the coefficients are shown as functions of time (fig. 4) and of initial
flight-path angle (fig. ) for a range of beam-loading coefficlents.
Included in these and subsequent plots are data for beam loadings
obtained from previous investigations (refs. 1 to 6 and 8 to 11). Time
histories of Cr, ©Cm, Cq, and Cj are presented in figure 4 for the
300 dead-rise model at a trim of 15° and Ca of 208 and 530. Variations

of the coefficients with initial flight-path angle are presented in fig-
ure 5 for 30° dead-rise models at a trim of 15° and C, of 0.58, 18.8,

300, and 530. Both figures show noticeable increases with increasing
Ca of all the coefficients except C; in figure 5.

Beam-loading reduction factors.- Analysis of the experimental data
indicated that for a given dead-rise angle, flight-path angle, and trim
angle, each of the coefficients 1s proportional to CAP, where the value

of the exponent p depends on the coefficient under consideration and
the dead-rise angle p. Values of p were determined by empirical
trial and error means and are given in the following table:

CAP factors
Coefficient

B =0°]p =30°
Impact lift coefficient, Cf . . . . « « . « « o « .« . CAP‘Bi CAP'u5
Pitching-moment coefficient, Co . . . . « « « + « « . Ca Ca
Draft coefficient, Cq « « « « « « « v o« o« oo o . |CQO6T| €055
Time coefficient, Cp -« « « + + « « « « « o o o o - . |CO-6T | €\0.55
Vertical-velocity coefficient, Cp . . « « « « « . . . N N




Figure 6 shows the time histories pres:nted in figure 4 reduced by
the appropriate CAP factor. From this fizure it can be concluded that

CAP factors reduce the coefficients to substantially a single variation

at least to the stage of maximum draft. Figure T shows reduced data for
e 0° dead-rise model at trims of 3°, 6°, 15°, and 30°, initial flight-
path angles from 2° to about 22°, and beam-loading coefficients from 1
to 54kk. Figure 8 shows data for a 300 dead-rise angle at trims of 60,
9°, 15°, and 30°, initial flight-path angles from about 2° to about 27°,
and beam loadlng coefficients from 0.58 to 530. It may be concluded
from figures 7 and 8 that the empirically devised factors reduce the
data for a large range of beam-loading coefficients to essentially a
single variation for each trim angle.

In figure 9 the empirically determined trends of Cy pay With CA
2

are compared with trends predicted by the theory of reference 12. Maxi-
mum impact 1ift coefficient is shown for 0% and 30° dead-rise angles,
Cp from 1 to 600, trim of 150, and flight-path angle of 20°, As shown

by figure 9, the trend cf CL,max with C,, predicted by reference 12
is not a simple power function of Cp; however, for the range of Cp

shown, a simple power function is a good approximation. The empirically
determined trends are seen to approximate the theoretical curves rea-
sonably well, so that agreement between the theoretical and empirical
trends with beam loading is indicated.

Lift reduction due to dead rise.- The effect of a change of beam
loading on the reduction of 1ift caused by an increase of dead-rise
angle can be seen from figures 9 and 10. ""he theoretical curves of
figure 9 show that an increase of dead-rise angle from 0° to 30°
decreases the maximum impact lift coefficient by about 30 percent at
Ca of 19 and by about 20 percent at Cp of 530. In figure 10 experi-

mental meximum impact lift coefficient is shown for 0° and 300 dead-rise
angles at Cp of 18.8 and about 530. The experimental data of figure 10

show that an increase in dead-rise angle from 0° to 30° decreases maximum
impact lift coefficient by about 35 percen: at Cp of 18.8 and by only

about 15 percent at Cp of about 530. It may be concluded therefore

that the importance of dead-rise angle variations as a means of varying
impact 1ift decreases as beam loading incr:zases.

Empirical CL,max Egqaation

The large amount of experimental data covering large ranges of
trim, dead rise, flight-path angle, and beam loading available in
tables IIT and IV and in references 1 to 1l suggested the possibility



of establishing empirically an equation for the prediction of maximum
impact 1lift coefficient CL,max- A form which may be assumed for such

an equation can be inferred from figures 8 and 9. The CL mex curves
3
of figure 8 indicate that CL,max may be considered as proportional to

(70)5, where the constant of proportionality and the exponent s both

depend on the trim angle 7. The curves of figure 9 indicate that
CL,max is proportional to CAP, where this constant of proportionality

and the exponent p depend on the dead-rise angle p. Based on these
considerations, an equation has been assumed in the following form:

CL,max = fl(T)fe(B)VofB(T)Cafu(B)

Analysis of the experimental data ylelded the following empirical
expressions for the unknown functions:

f1(1) = 0.0125 + 0.000963T
£,(8) = 1.0 - 0.08068°+°
£3(7) = 1.8 - 0.2970-3

£,(8) = 0.533 + 001418050

In figure 11, CL,max predicted by this equation is compared with

experimental CL,max for about 500 fixed trim, smooth-water impacts.

The range of variasbles includes dead-rise angles from 0° to 30°, beam-
loading coefficients from 0.48 to 5S4k, trim angles from 3° to 45°, and
flight-path angles from about 2° to about 27°. Figure 11 shows that the
empirical equation gives values of CL,max generally within about

15 percent of the experimental value.
CONCLUSIONS

An investigation of the effect of beam loading on impact loads and
motions has been conducted in the Langley impact basin. Landing impact-
loads data were included for 0O° dead-rise models having beam-loading
coefficients Cp from 1 to 544 and 30° dead-rise models having beam-

loading coefficients from 0.58 to 530; the following conclusions were
reached:

1. The following beam-loading coefficient Cp factors were found

to reduce the data to essentially a single variation with initial flight-
path angle for a glven trim angle T and dead-rise angle, B:
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CAP fuctors
Coefficient

p=0°p = 30°
Impact Lift coefficlent, CL « « « « « « « « o o . . . €033 ] c 045
Moment coefficient, Cp . « . « « « o v o o e Ca Ca
Draft coefficient, Cq . . . . . « « « « « « o« « o CAP‘67 CAP'55
Time coefficient, Cp « « « o o o v o oo oo |COOT | €025
Vertical-velocity coefficient, C; . . . . . . . . . . CAP CAP

2. The importance of increasing deasd-rice angle as a means of
reducing impact 1ift is shown theoretically end experimentally to decreuse
as beam loading increases. Experimentally, en increase of dead-rise angle
from 0° to 30° is shown to decrease maximum impact lift coefficient by
about 35 percent at a beam-loading coefficlernt of 18.8 and by only about
15 percent at a beam-loadling coefficient of ebout 530.

3. The following equation for the prediction of maximum impact 1lift
coefficient CL,max was determined empirically and was shown to give

good agreement with experimental data over a range of dead-rise angle
B from 0° to 30°, trim angle T from 3° to 45°, beam-loading coeffi-
cient Cp from 0.48 to 54k, and initial flight-path angle 7y, from

about 2° to about 2702
f f
CL,max = £, (1) £a(B) 7o B(T)chu(ﬁ)

where

[}

£1(7) = 0.0125 + 0.000965T
£5(B) = 1.0 - 0.080680 2"
fj(T) - 1.8 - 0.2979-3

fu(B)

0.%533 + 0.0141p0 900

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., October 1, 1953.



10.

11.

12.

11

REFERENCES

. Edge, Philip M., Jr., and Mixson, John S.: Impact-Loads Investigation

of a Chine-Immersed Model Having a Longitudinally Curved Bow and a
V-Bottom With a Dead-Rise Angle of 30°. NACA TN 4106, 1957.

. Edge, Philip M., Jr.: Impact-Loads Investigation of Chine-Immersed

Model Having a Circular-Arc Transverse Shape. NACA TN 4103, 1957.

. Edge, Philip M., Jr.: Impact-Loads Investigation of Chine-Immersed

Models Having Concave-Convex Transverse Shape and Straight or
Curved Keel Lines. NACA TN 3940, 1957.

. Batterson, Sidney A.: Water Landing Investigation of a Hydro-Ski

Model at Beam Loadings of 18.9 and 4.4. NACA RM L51F27, 1951.

. Batterson, Sidney A., and McArver, A. Ethelda: Water Landing Investi-

gation of a Model Having a Heavy Beam Loading and a 30° Angle of
Dead Rise. NACA TN 2015, 1950.

. McArver, A. Ethelda: Water-Landing Investigation of a Model Having

Heavy Beam Loadings and 0° Angle of Dead Rise. NACA TN 2330, 1951.

. Batterson, Sidney A.: The NACA Impact Basin and Water Landing Tests

of a Float Model at Various Velocities and Weights. NACA Rep. 795,
1944 . (Supersedes NACA WR L-163.)

. Miller, Robert W., and Leshnover, Samuel: Hydrodynamic Impact Loads

in Smooth Water for a Prismatic Float Having an Angle of Dead Rise
of 30°. NACA TN 1325, 1947.

. Smiley, Robert F.: Water Pressure Distributions During Landings of

a Prismatic Model Having an Angle of Dead Rise of 22%0 and Beam-
Loading Coefficients of 0.48 and 0.97. NACA TN 2816, 1952.

Markey, Melvin F., and Carpini, Thomas D.: Rough-Water Impact-Load
Investigation of a Chine-Immersed V-Bottom Model Having a Dead-Rise
Angle of 10°. NACA TN L4123, 195T7.

Edge, Philip M., Jr.: Hydrodynamic Impact Loads in Smooth Water for
a Prismatic Float Having an Angle of Dead Rise of 10°. NACA
TN 3608, 1956.

Schnitzer, Emanuel: Theory and Procedure for Determining Loads and
Motions in Chine-Immersed Hydrodynamic Impacts of Prismatic Bodies.
NACA Rep. 1152, 1953. (Supersedes NACA TN 2813.)



12

TABLE I.- SUMMARY OF TEST CONDITIONS

T, deg CA W, 1b Y0, deg
B =30 b=>5in
3 208 933 2.8 to 8.06
6 208 933 2.64 to 12.36
9 208 933 3,16 to 17.88
9 530 2,350 2.52 to 10.00
15 208 933 2.62 to 20.55
15 300 1,315 3.21 to 18.54
15 400 1,767 3.15 to 13.29
15 530 2,350 2.16 to 12.04
30 208 933 2.75 to 20.91
30 530 2,350 2.22 to 12.97
B =0°% b=28in.
3 62.5 1,156 2.29 to T7.38
3 133.7 2,472 1.97 to 5.45
6 62.5 1,156 2.54 to 10.31
6 103 .4 1,912 2.65 to 10.13
6 133.7 2,k72 2.26 to 11.71
15 62.5 1,156 2.55 to 20.06
15 85.1 1,574 2.37 to 18.8L
15 103 .4 1,912 2.55 to 17.51
15 133.7 2,472 2.48 to 19.58
30 1 3 .59
30 62.5 1,156 2.54 to 21.79
30 133.7 2,472 2.48 to 18.95
B = 00; b =5 in.
6 208 933 2.71 to 14.80
6 5kl 2,455 3,13 to 8.08
15 208 933 2.85 to 15.66
15 Sl 2,455 3.17 to 16.0k




TABLE II.- BASIC MEASURED QUANTITIES FROM TESTS OF A 5-INCH-BEAM, 30° DEAD-RISE MODEL

At contact At maximum load At maximum moment At maximum draft At exit
Zgs Vor | Yos t n, My, z, |32, t ) n z, 1z, t, z, ng My, t, z,
fps fps deg |[sec ft-1b ft fps |sec ft-1b t £t fps |sec ft ft-1b { seec fps
T=3% W=9551b
87.7| 3.8 |87.8 | 2.48 [0.1310.38| 1,402 |o.s1l 2.7 Jo.23 | 1,924 |0.35(0.60 1.5 [0.b1 [0.72 |0.08 362 | caan [ 2mmmm
75.81 3.7 |75.8 | 276 | v | 31| 1,212 | u3]2.6 | 231,81 | 31| .59(L1.T | .bO 72| .20 G936 | ----
63.0] 4.6 [69.1 ] 3.76 | .| o 1,979 | s52|3.0} .22[2,563 | 38| .71je.0| k4| .91 | .27|1,231 |----
69.0| 5.8 |65.2 | 4.82} 10| .57 3,619 | 52|43 158,28 | S6| To{3.s | A3 (1.8 | L1, 7kb | ----
62.1| 6.0 |62.4 | 5.5 | .14 56 3,678 60 |b.k ]| 13,678 6| 72 |3.8| L7 fl.27 | .28 598 [ ~=an | 2mam-
sh.8] 6.0(55.1 | 6.26 | 11| .55 e,7éu | 5B |u.3 | .1k |3,233 | 51| .70[3.9| .49[1.30 | .29 895
2l 7.2 517 | Bo6 | 12| 66| 4,851 68154 | 126,855 66| 73)15.2 | 41155 [ b [ 1,949 [ ~can | oaaam
T =6% W =933 1p
5| 3.9(85.6 | 2.64 Jox7|0.k9 | 1,783 |0.59 2.0 [0.17 | 1,783 |0.4g [0.49]2.0 |0.32 [O.
o 3.8([82.a | 2.7 | 18| s Lu97 | S5Tfe.1 | 21,590 k3 66|L.2| 35| .
5| w.6 |60k | 6,09 15| 5T 4,9 97 6.2 | .23|5,518 | .sr|1.22 3.7 .34 |1
Of 77566 | 780} | 76| 3,77 | 95 (5.3 .23 |h,330 | .6T[1.30]3.1 [ k1.
9] 9.7 |62.7 | 8,931 .13|1.07} 5,487 |1.07}6.3 166,630 [1.03]1.25 5.2 | .h2|1.
511003 [65.3 1 9.09 1 13} 1.18] 5,346 |1.10 (6.9 177,462 |1.1011.36 5.3 | .35 11,
6| 9.4 |53.5 |10.09 W .90 | 4,4k 10565 17| 5,425 | .85(1.24 |5.5 | 471
6]10.7 |53.7 [11.48 W | 1.08] 6,489 |1.24 | 6.7 17| 7,017 99 1.42]|5.9]| o2,
.81 10.6 |49.9 |12 15)1.04 | 6,280 [1.2716.9 18 | 7,080 9811.45 (6.0 12,
Th 9.4 |43.8 [12.36 17} .81 5,002 [1.34 |5.8 19| 5,185 Bofi.kk|B5.5] 452,
T =9% W =931
2l w7 |83 3.16 {o.r7)0.85] 1,751 [o.60 [2.1 Jo.17 1,751 |o.65)0.60 2.1 |0.29 |0
2] 8. |75.7 ] 6.36 | .15] .98] 3,613 | .99 |4.6 22 13,78% 871202k 30|12
1| 10.6 |63.0 | 9.6+ | .13f1.15¢ L,297 |1.15]6.9 215,675 |1.02f1.5% |[ko] .36 |1
1| 8.9]%2.8 | 9.69 | .15] .84} 3,234 |1.13 (5.8 22| 3,746 75 (1.7 k.2 ] L4311
6| 9.9 |bs.7 [12.8 | .17} .8} 3,805 |1.31]6.5 23 [ 4,121 T8|1.62 b7} L5]2
.8l 10.6 |46.1 [13.25 | k] .96 3,781 |1.22 7.4 25 | 4,857 82| 1.75|%.9 | k6|2
8] 8.6 |34.9 |1b.26 | .19} b2} 2,73k |1.285.4 ) 26i2,962) .57|1.59 k.0 552
2(10.5)5h.2 [15.08 | 13168 ] 3,671 |L.20)7.7] 225,058 L.48|1.76 5.1} k9|2
5110.8(35.0 [17.88 | .1k§ .83 ¢ 3,b59 |1.29}7.5 24 § b, kg7 T3(11.91}15.31 .51t2
T =9% W =230 1b
2] 3.7186.3| 2.52|0.28{0.29| 2,208 |0.79 2.1 |0.39| 2,562 ]0.28]0.95]0.7 }0.49 [0C.97 P o
Al sz |3 bbo| ces) .39 %310 1834 ] 32| k,999 ] 3911.3812.6 | .54 |1.65 RSP [
.1| 6.0 |67.% | 5.10 27| .36 (15,83 [1.22 3.3 [~enn fomemm e e = | 6L LT PRSI [
5| 7.868.9 | 6.47 26| .53 | 7,891 [1.63 (k.9 ] 36| 8,2k0 | A5]1.99)3.2| .57(2.33 -
3] 8.4 |57.9 | 8.29 27| .48 7,254 {1.85 5.4 337,820 | .46|2.09 [4.k | .61]2.70 ———
5l 9.7 |6x.2 | 8.63 2| .64 |10,133 ]1.88|6.1| .27 ho,788 | .63)12.06 |5.6| .53|2.80 ———-
4| 10.0]57.3 |10.00 25| .57 5,802 {1.86 (6.5 | -=-n pp-mm- e e- f -} 5T 2R B
T=15% W =931
51 395|856 262003 067 1,80k o1 |2 {o.16]1,u77 |0.67 046 | 1.6 |0.22])0.51 |o.63) 1,711 Jo.93 | -2.b
of 3.5|85.1 | 271 | 16| 67| 1,313 { Ak [1.6 161,313 67| .44 fl.6 25 ko] . 462 | .55} -2.0
sl bz |8k | 2ok a7y 62| 1,537 A8 |17 23 | 1,u67F 62| S .5 25| .54 571 1,706 | 581 -2.3
o) s.3187.i | 3.k 16l 85| 1,859 .59 (2.6 18| 1,64 83 6211.5 25 66 71| 1,058 55| -5.1
3 6.21835.6 | b0 16| | 1,86} .7512.8 2z | 1,675 92 & [1.2 25 85 82t 1,937 581 -3.6
61 8.2715.1 | 6.26 151 L.04 | 2,57L 85 | 4.1 23| 2,983 96]1.07|1.5| .21|1.10 851 2,532 L -3.5
8] 8.4 [76.2 | 6.35 161115 1,725 [1.05 [4.1 161,725 [1.15]1.05 | 4.1 | .27 |1.26 G| 1,479 | ~enn | ===
5| 8.8|7k.1| 6.87 181.20] 3,065 [1.15 3.4 223,191 [1.10}1.25]1.9 | .28]1.28 85{ 2,165 70| -3.6
4] 8.4 |70.0 | 6.89 16 [1.09 1,317 [1.06 | 4.3 23 777 [1.02f1.25 (1.8 .28]1.28 85| 1,201 Th | 4.2
Bl 1.2 573 | T.21 18] .80l 1,375 |1.03(3.9 23| 99| .75fj1.18|2.5| 33]1.89] .57 653 88| -3.0
5| 8.863.1 | 8.05| .16(1.06§ 1,128 |1.12[4.8 21 83 |1.03}1.30 3.1 | .31|L1.k6 75 701 | .82} -3.9
0| 8.4 |52.6 | 9.22f .16 .89 965 £1.10 {5.3 23 so | .83 1.w0]3.5| .37|1.60 58 195 [1.02( -3.0
7l10.1|62.6 1 9.27] 15 |r.2h] 3,666 |1.25(5.8 22| b6 fral]15e [3.1 | .32]1.68 &\ g, 87| .86 -3.7
1] 10.2|63.0 | 9.35 17 (1.28 956 [1.38 | 5.1 24 180 f1.10]1.62{2.7] .32|1.70 83 g .8} -4.1
1| 10.6|63.0 | 9.69 13 |1.24 | 2,138 |1.15 | 7.0 20 723 11.20]1.50]3.8] .31|1.68 82 391 | .82 4.4
.9} 10.7 [62.8 | 9.8 15[1.25] 3,790 [1.34 { 6.4 22| 4,276 |1.15) 169 (5.6 | .34 |1.88| .73} 2,611 [--—-] ---—-
.2]10.h |60.1 | 9.92 1511.24 | L,038[1.25|6.1 224,515 115} 1.55 | 3.5 | .35[1.72 681 2,706 95| -3.3
.51 10.862.5 | 9.97 1511.2k | 3,826 [1.32 6.0 22| u,318|1.1351.6 3.2 .36 |1.81| .70} 2,569 [-—--{ -----
.5{ 10.6 {60.4k 110.00 15(1.10 | 16,7 [1.19 [ 6.3 | -=== } —-=u- meen ] mmem [ -] 4165 65§10, 602 921 -3.3
.0} 11.1 |[62.0 [10.30 1601.28] 4,638 [1.3116.3 oh 5,013 11k 168 3.1 .32]1.8 87] 3,98+ 90| -4.3
10.6 [53.0 |11.54 1511.10 985 |1.33 16.6 22 208 {1.03|1.70 4.2 .39|1.98] .60 35 [1.05] -3.4
10.9|51.2 |12.29| .15|1.12| 3,352 |1.35|7.0] 23] 3,587 j1.00] 1 .77 {2 | o207 581 1,739 |1.19| -2.8
11.3 1 49.3 [13.23 12118 3,336 (1.27]8.6 19| &,%05 [L.15) 1.73{5.9 | .39|2.24 | .66] 2,912 }1.19] -3.0
10.5 jLk.7 [13.65 191 .97 592 |1.60|5.9 23 47 59 L7l Mk]e.22) k9 19 11.307 -5.1
10.8 |53.5 [1h.29 16 [1.02| 2,92 1.k2]7.2 18] 3,281 {1.01{1.56 | 6.8 | .A4k{2.28] .50] 1,802 |1.43) -2.3
11.4 |45.0 {1b.69 17T1.1] 3,85(1.68|7.1 19 4,067 [1.07| 1.81 | 6.0 ] k1| 2.4k 83| 2,786 [1.37| -2.3
11.5 | 40.6 [16.4 16105 3,507 1.56 7.7 313,990 83|23k |5.2| A45]|2.52 kol 2,354 | 1.48] -2.3
10.7 [36.8 116.95 | .20 | .8 2951{1.70 6.8 23 65| .7911.88[5.9| .50}2.59 'S} 1.701 -2.2
10.4 [35.2 L1720 | 16| .83 o9 1.7 [T.2] .2 58| .82|1.79)6.2| .s1|2.57] w1l 235|1.67|-2.1
11.5 | 36.0 [18.6% 17 99| 3,622 |1.69 (7.9 2h | 4,043 90| 2.1k |5.8) .48|2.76 | .51 2,522 |1.64 | -2.0
10.8 |30.7 |[20.55 | .16 .76 L2o {1.50 {7.6 23 220 | .71 1.95]6.0] .57|2.8L 35 g |1.86] -1.7




TABLE II.- BASIC MEASURED QUANTITIES FROM TESTS OF A 5-INCH-BEAM, 30° DEAD-RISE MODEL - Concluded

At contact At maximum load At maximum moment At maximum draft At exit
XO) ZO, VOJ 70’ t" n MY! Zl Z’ t! MYI n Z; Z, Y,, ZJ n MY’ t) Z’
fps [fps |fps deg |sec 1 |ft-1bj £t fps jsec |ft-1b i ft |{ps |sec ft i lrt-1visec fps
T =15% W = 1,315 b
78.1| 4.3]78.2| 3.21|0.19[0.521,150]0.65|2.3 |0.22|1,11010.53{0.70 1.700.34[0.7810.39| U483 |----}----
76.3] 7.2|76.7| 5.42] .16 .91|3,k00] .9B|k.2} .23 3,380 | .85[1.20(2.3| .31|1.29| .67|2,6MT |--mn|----
€6.4110.3|67.2] 8.76| .21|1.10|5,81k|1.67]4k.8] .21 5,814 |1.10[1.67]k.8| .37|2.02| .73[4,292|--=-}----
59.9110.8(60.8{10.19| .15{1.02 |4,753{1.37{7.3 24161581 .9811.91|k.6] h1j2.27 [ .6k 4,660 |mmm|==m-
52.9]10.3|53.9 |r1.00| .21| .90[5,014]1.79(5.8] .21 5,014 | .9011.79|5.8| .46{2.uh 1 51]3,342]-~mm|----
L2 2]10.3|43.4 h3.73| .29] .71|4,603|2.31|4.8] .36 5,164 | .68|2.59(3.6] .57|2.88} .34 2,582{-===|----
6l10.k139.0 [15.42| .21] .71|4,004}1.90|6.9] .30 5,108| .71{2.bk|4.9] .58[3.09 |---={3,125 |--=={---~
22.9|11.0|54.7[18.54| .23| .65(3,8812.1117.3] .35 4,978} .61|2.80|4.5{ .62|3.36}---- 3,086 [cemm [----
v =15% W = 1,767 1b
85.5| 4.7185.6| 3.15[0.26(0.5111,882]0.89 1.8/0.35|2,050|c.48}0.97[0.3[0.36]0.98 [0.45 1,77610.86]-2.7
9l b.7iTs.1| 3.59) 2k | A5|----- 88|24 |-mmm | -—==- e feeea] -] .38f1.05] .38|----- 1.00]-2.3
70.4] 6.1|70.71{ k. 2| .5512,903|1.18|2.9| .32(3,195| .£3|1.36|1.7 A1j1.k] ksi2,640(1.10(-2.8
y5.2( b.9|k5.5] 6.09] 34| .25[ 915)1.35 2.8] .39]" 950| .z5|1.b7l2.5] .66[1.82| .18 481 |-amm fmmm
66.0| 7.9|66.5] 6.84] .23| .64]3,Tu6{1.431L. 7} 334,307 €O[L1.7512.3 .48(1.88) .39|2,534 |-~an|---~
18.2f 6.11u8.6] 7.17| .28] .35[1,686{1.49]4.0} .37}12,030( .35 1.80|2.9| .66l2.21| .20|1,035|--~- -~~~
50.8| 7.8|51.k| 8.76] .2u| .52(3,398[1.61i4.9 28(3,6801 .£1}1.79[%.3[ .58j2.351 .27 2,062 )cmnav [<=am
63.7|10.9l64.6] 9.71| .21| .89(6,512|1.89|6.2( .32[7,268] .79 2.410%5.21 .kg[2.65] .uB[k,224 e ]-m-
36.8| 6.4037.3| 9.92] .33| .33|2,499{1.65(3.7| .33 2,499 .33|1.65|3.7| .83|2.37| .10 115} [pmy R
51.3| 9.7|52.2[10.73] .22| .64[3,914|1.75 6.0 .ok|k,924| .6h[1.8515.6] .60[2.85] .2912,335 [---mi~mmn
¥8.3| 9.6{49.2(11.23| .23| .5914,160{1.80|6.2} .4T|5,145 Lolz.70|1.81 .58{2.80| .32|3,18k [---n]--=-
6| 9.6{45.7[12.18] .22| .54|3,816|1.7816.6) .39 5,063 | ..1l2.60{3.61 .67l3.0L] .26 2,816 [-=--|----
2| g.7lueuis.eg| 23] .52{3,93111.84{6.5| .k2|5,201| .-9|2.75 3.6 .6913.16|-m-|-omm U P
T =15% W = 2,350 1b
86.2| 3.2186.3| 2.16]0.27]|0.3015,957|0.63| 1.4 [0.27}5,957|0. :0 0.65/1.410.41[0.70 j0.25|4, 784 |0.94 |-2.0
87.0! 3.5|87.0] 2.22| .15| .33|L1,258} .33|2.3| .25 1,226] .i2| .63|1.6| .4o| 73| .27 871 .95(-2.5
80.6| 3.6|80.7] 2.58] .30] .37{2,249| .80]1.3| .30|2,249( .57 J8ol1.3| 3] .86| .26|1,05411.01¢-1.7
76.6] 5.0]76.8] 3.65| .29| .39(3,055[1.02 1.8] .36]3,097| .s7]1.11j1.1| 4511.15| .30 2,482 |--au|--=-
78.1| 5.0[78.3| 3.67| .19| .Lo[2,378} .74|3.2 36|2,602| .38{1.06| .9| .k7|1.20| .24 557[1.09(-2.6
72.7] 5.5|72.9| 4.38] .31 .47|3,611{1.31]2.5] .35 3,822] .+6|1.38|1.8| 451149} k1[3,575(1.261-2.5
71.71 5.8]{7L.9| k.57 .21 .43 3,004 .953.8[ .27{3,576| .+3{1.13 2.8 .48{1.37] .29|1,589]1.21|-2.6
67.8] 7.1168.2] 6.01| .25 .51{k,2751L.33 4.0 .32{4,408] .+8]1.53|2.6] .49|1.75[ .35{3,120[--mnf-=-=
45.7) %.9|45.9] 6.06] .28| .2512,195|1.05/5.0 3302,3331 .25|1.19]2.6] .66]1.59| .17/1,485 --mn|----
67.8] 7.6]68.2] 6.45| .26) .58{5,143]1.50 k.2l 295,534 .57[1.61]3.6] .50|1.96]| .39|3,660)---~}----
60.6| 8.2l61.2| 7.71] .24| .53[k,852|1.57(4%. 7] .33{5,530| .>1|1.91}3.2 S|2.20f .3313,58L emnnicamm
65.3| 9.6|6k.0| 8.67| .21| .66|6,549 1.68/6.51 .38|7,378] .38{2.k2]3.2) .56[2.65] Lk2|5,HL|-—mm|----
61.70 9.7|62.5| 8.96| .22| .64(6,357 1.76|6.2] .35|6,8718| .36]2.35{3.6| .58|2.67] .33 4,186]-——=|-=-=
sk.b4l 9.8{55.2]10.25) .23| .58 5,84411.856.3) .396,666| .51 2.54(3.3| .6412.88] .27|3,530(---~{----
49.1] 9.9/%0.111.35| .22 .5k|5,608|1.7817.0 4316,252| .4b|2.76|3.4| .71|3.09| .20}2,879|---|----
45.9] 9.8|k6.9|12.04| 32| .57|7,318|2.44 9.6| .uo|7,889| .34|2.78{7.2] .6813.27----|l, 41l jmmmm}oumm
T = 30% W = 933 b
80.%5| 3.8{80.k| 2.75/0.16{0.79| 966{0.45 1.6l0.16] 96610.79{0.45/1.6|0.20{0.48]0.73 28j0.u7]-2.4
75.2| 8.2|75.6] 6.24] .19|1.L7 2,160{1.04{2.1| .2312,667|1.43[1.07| .3| .23|1.07 1.43|2,667| .51|-5.7
63.1{10.6|6h.0| 9.50{ .20|1.46]2,588 1.46]3.5| .20]|2,588l1.46]1.46|3.5| .26[1.5511.33]2,118 .631-6.3
¥3.7/10.1|44.8]13.07| .22] .98(2,270|1.T71 L.g| .22j2,270| .98|1.71|%.9| .40j2.08| .6Ti1,2k2 .98]-4.9
33.3110.7{35.0|17.85] .22| .86|2,383|1.92 6.1} .28|e,203| 81|2.21jk.k] .kg|2.58] .47 1,006(1.36(-3.4
27.9/10.7(29.9(20.91| .22 69(1,85211.96]6.6] .34{2,105 65|2.56{4.0] .56{2.96| .44j1,380}1.81|-2.1
T =30°% W =2,3% 1b
87.0| 3.5|87.0| 2.22|0.25[0.48] 830 0.63]1.%|0.28|1,001]0 u8{0.66/0.8|0.31]0.68 0.46| 625/0.70[-2.6
78.1| 4.8{78.3| 3.99 .25| .55|2,009| .95i2.0| .27 2,08k} 55| .98[1.6| .37|1.06] .49 1,304} .82]-3.8
68.5| 8.5/69.0) 7.11| .28} .T4|4,470}1.75{5.9 hh,593] T3{1.9312.4] .45(2.05( .T1 5,369]1.131-5.2
62.1] 9.6|62.8] B.80| .24| .79|5,104]1.93|6.2] .30 5,368| .7812.22|4.3] .49j2.60| .59i4,029 [---~ [----
s5.2] 9.7|56.1] 9.97} .32| .65|----- 2.38| 4.7 -mmm | ----- o | mmme| === | .56]2.87] 49| ----- R P
49.0] 9.8]50.0(11.33| .32| .60|4,214i2.52[5.2) .48 L,642| 55[3.10|2.4 .63]3.24[ 42)3,315( -]~
43.5/10.0[bk.6|12.97| .38] .51|3,817|2.915.1} .55 L oguz| 950}3.49(2.5| .55|3.49) .50 I P




TABLE IIT.- COEFFICIENT DATA FROM TESTS OF A 5-INCH-BEAM, 30° DEAD-RISE MODEL

At maximum load At maximum moment At maximum draft At exit

Yor

deg Cy CL Cn Cq C Ccp Cy Cay ¢ Cq Cz Ccp Cy Ca ¢y Cn ccp C¢ sz

T = 3% Cp = 208
2.48 127.4 10.27 | 2.6 [0.98 [0.71 | 9.7 [48.5 | 3.6 |0.25|1.45 [0.b0 [14.5|86.4 {1.72{0.06 | 0.7 [11.6 | === | cmumn
276|255 ] .30 | 3.2 |1.02 | .7L|10.5 [¥1.9 | ».6] 30olr.s2| us|is.2f72.8{1.75| .131 2.3 |12.0]- -
3.76 [23.2 [ 46| 5.9 (1.25 | .66 |12.7(36.5 | 7.7] b4 [i.70] 43 [17.3|73.0 (2.8 31| 3.7 [11.7]- -
4.82116.6 | .66 10.8 [1.25 | .75 |16.6 |24.9 |12.8] .65|1.69] .60 |19.6f71.k {2.82]| 36| 5.2 [12.8(- -
5.54 121.0 | .80 [11.1 |1.4%4 73 |15.2121.0 {13.5| .80 |1.73| .63 [17.8[70.% (3.05| 40| 2.2 5.5]- -
6.26 |14.6 | .97 [13.0 [1.38 72 |1%.8118.5 [15.2] 93j1.67) .65 [16.3]64.8(3.13] 53| s.2| B.8]- -
8.06 [1k.9 [1.37 [25.0 {1.63 T4 {16.0 j1k.9 [26.0|1.37 176 | .72 [16.9150.8 375 .91 |10.% [11.% | commm | ccee
T = 6% Cp = 208

2.64 | 34.9 0.37 | 3.4 |1.18 0.5 ] 9.1 {34.9 | 3.4 f0.37|1.18]0.50 | 9.1 65.7|1.90[0.26| 2.1 8.1 ——-en

2.T% 1354 | 374 3.2 |1.36 | 55| B.5 (473 | 3.4 .35[1.58] .32 9.7]68.9|1.72 -

6.05 (284 | .87 |11.k }2.35 | .59 |13.1[43.5 {12.7| .78|2.95) .35 |16.2] 4.k |3.32 -

7.81119.0 |1.32 |16.7 [2.27 | .69 [12.6 |31.2 [19.3 [1.16[3.13 | .40 {16.5]59.7{3.8L -

8.93 [19.6 {1.51 [19.9 |2.56 | .65 |15.1 [2h.1 [24.1|1.45[2.96| .53 [16.5]63.2 |4.25 RN
9.09 | 20.4% [1.53 [21.2 |[2.65 67 [13.8 [26.7 [25.0 ] 1.43 [ 3.26 SL 174 6L.2 | h.b7 [
10.09 | 18.0 [1.75 |22.2 |2.52 69 [12.6 |21.8 |27.11.65]|2.97 59 |16.3 | 60.3 | 4.62 -
11.48 [ 18.0 |2.08 |32.1 [2.98 63 115.4 J21.9 {34.7|1.90 [ 3.40 55 118.1 | 5L.6 | 4.91 -

12.27 [ 18.0 |[2.32 { 36.0 | 3.04 65 1154 121.6 [40.6 | 2.18 | 3.48 57 |18.5 1 49.1 { ».14 ST
12.36 [17.9 [2.35 | 37.3 {3.22 62 |15.8 | 20.0 [38.7 | 2.32 | 5.46 59 | 166} 47.3|5.08) ccmv | cmme | cme | oo | ol
T = 9% Cp = 208

3.16 [35.2 |0.48 | 3.4 |1.4% {045 | 6.9(35.2| 3.4 |08} 1.54 |Obs | 6.9]60.1]1.70

6.36 2721 951 9.0|2.37 | 5| 9.4039.9] 9| .8si2.88] .29]11.0{5k.5]3.10

9.6+ 119.7 11.61 {15.5 |2.70 | 65| 9.5 |31.8 |20.% [1.43 | 3.70 | .38 1.1 5. |[L.30

9.69119.0 |1.67 [16.5 f2.71 | .65 9.8 (27.9 |19.2|1.45|3.52 | b7 [12.7]| 4.5 |k b2
12.84 118.2 [2.33 [ 27.2 [3.1% 65|15 Jek7 129.512.173.89 | L7 {13.4]48.3|5.01
13.25115.5 [2.5L 1 25.4 (2,953 | .70 [10.0 {25.4 [32.7 | 2.14% |4.19 | .46 ]15.0] 50.9 [ 5.30
14.26 115.9 [2.83{32.1 |3.06 | .63 [11.2|2L.7 [34.8|2.60]3.82] .46]{13.2]L6.0|L.99
15.04 [ 12,7 |3.09 [ 31.8 |2.88 | .73 {10.1 |2L.4 [%3.8]2.79|4.22| .48 |15.5]|47.8]5.53
17.88111.8 [3.75 | 40.3 | 3.09 70 [10.6 1202 [52.313.30 [ 4.58 | 49| 15.6| k2.9 6.0k

T = 99 Cp = 530

2.5258.0 [0.55| 4.2 [1.90 [0.57| 7.5]80.8| 4.9{0.53|2.23]0.18| 9.1]1001.5|2.32

4.40 | 4h.6 11.00|11.2 |2.85 [ .60 |11.0|%7.1 |12.3¢1.00|3.3L ] .k5[12.7]96.3|3.96

5.10 1437 1113 [ ---- 12,93 | .55 | —omm | momm [ emam | e | comm eeem | e [ §8.6 | k24

6.47|43.0|1.59|22.53.91 | .63 |1%.0|59.6 [24.8| L.A7[L.78] .41 [16.7| 4.3 5.98

8.2937.512.03 [30.9 [4.38 ] .64 {15.0|45.9133.3|1.95|5.02| .53|16.9| 84.8]6.47

8.63 | 37.0 {2.21 | 3.1 |%.52 631157 | b1.6 [ 37.3 | 2,17 | b.oy 58 (17.0] 8BL.7|6.73
10.00{31.6 | 247 ———— J5.U7 ] 65| comm | mem | emee e [ oo | eem | ——o2 ] 7B | 706

T = 15% Cn = 208

2.62| 267 [0.5L| 1.610.99 |0.54 1 3.1 (32,5 2.5 [0.50[1.12 |0.b2| 4.7{b45.2(1.23]| 0.48 1.6] 3.2 108.0]| -0.60
2.71|31.9 | 5%y 2.711.06] Lkei b.8(31.9| 2.7 54 1.06) b2 4.8[49.9(1.18| 43| 1.0 2.2{109.7]| -.32
2.94 | 35.2 52| 2.0(1.16 A1y 3.7 (k9| 2.2 .52 1.30 Al 1.3 48.811.30 481 1.2 2.5)112.5| -.54
344|355 62 2.7 1.1 | 49 .3 1376 3.1 61| L1.49] .29 4.9]|52.311.58 521 2.0 3.7|115.6| -.59
2ot 323 75| B0 L9 M5 S.2 (k| L2 73| 2.02| 19| S5.5[5%0.1]2.05 651 2.81 h.2|115.7( -.58
6.26127.01.02 | 6.5(2.05| .50{ 6.1 414 7.6| .94 |2.56| .18] 7.8 48.7[2.63| .8| 6.4 T.4]127.9( -.43
6.35]29.311.10| 7.1|2.53 | 49| 6.27129.31 7.1]11.10{2.55| .49 | 6.2/ 49k 13.03| .90| 5.6| 6.0} ~couc | ccmoem
6.8732.0f1.21| 8.0{2.75| .381 6.4{39.1| 8.3)1.11({2.99| .21| 7.2|%9.8[3.06] .8 5.6 6.3]124.4| -.u2
6.891 26y 1.2k | 8.8j2.55 | 51| 6.938.6] 9.711.15] 2.99 21| B.2(47.0}3.08] .96| 6.5| 6.61123.4| -.46
72712k 7§1.35 | 8.1 f2.47 ] 54| 5.8]31.6| 9.0|1.27]2.82 35 6.8| 454 ]300 .96] 7.1 7.1]121.0| -.42
8.05 2.2 148|113 [2.69 1 .5k | 7.4 131.8|11.9|1.45]|3.13( .35( 8.0{47.0(3.50] 1.04| 8.4 [ 7.8] 124.7| -.bk
9.22|20.211.78|13.5/2.63 | .63] 7.3(29.1|15.0|1.66]|3.35| .k2| 8.7|46.7]3.85| 1.16|11.1| 9.2]128.7} -.35
g.27122.5(1.76 [13.4 {2.99 | 57| 7.3(33.0{15.1 |1.57]3.69 31 9.3148.0(4.02)1.16)|10.3{ 8.5] 129.5( .37
9.35]25.7(1.79[15.03.31 | .50} 8.1|36.3|15.2|1.54} 3.90 261 9.6 48.3]%.091 1.16}12.0] 9.9{127.0| -.k0
9.69119.7 [1.75 {10.3 [2.76 | .66 | 5.7 [30.2|1b.7|1.68] 3.61 36| 8.5) 46.91k.ob}{1.15[10.5| 8.9 124.1| _.41
9.81 | 22.6 |1.76 113.7 |3.22 | .60 7.5(33.2|15.5{1.6214.05] 34| 9.2]51.3|4%.51]1.035| 9.5 8.9 -c-x
9.92121.61.91 |16.0[2.99 | .5y | 8.1 |31.7|17.9]1.77|3.73| .34| 9.7|50.5{k.12| 1.08 | 10.7| 9.9] 136.%
9.97|22.51.76 | 14.0 {3.06 | 561 7.7133.0[15.8 1 1.61 (3.9 .30| 9.5]5L.0 %.34] .99 9.4 | G.1| -z

10.0 [20.811.67 [~-== {2.86 | 60| -men | ecme | cmec | cman [ coes [ caee | e | 49,3 | 3,97 | .98 mmmn [ -—a- | 13329

10.3 | 23.8|1.85}117.213.15 | .57} 9.0135.7|18.9 [1.65|4.02| .28|11.0| 47.6 | k.31 1.26| 1%.8]|11.4] 133.9

11.54 | 19.1 (2.17 t17.% [ 3.20 [ .62 | 7.7(28.0[20.0{2.03|4.07] 40| 9.5 49.6{%.74| 1.18|12.0| 9.8| 134.0| -.32
12.29 | 18.4 [2.38 [21.9 F3.24 [ .64 | 8.9 28.3|22.0{2.12(4.25] .33]10.1| 49.1|%.96| 1.24| 13.0]120.1] 1k6.0| -.26
13.23 114 .212.70 |19.6 [ 3.04 | 76| 7.0{22.525.912.63|L.16]| .52} 9.5| 46.1|5.38] 1.51] 17.1 | 11.0} 140.7| -.27
13.65120.4 {2.65]23.613.85 | 56| 8.512b.7|25.8 2,47 4.35] 45[10.1|47.3|5.32|1.36|14.0}10.0]139.8| -.29
.29 116.7(3.00|22.2 3.1 | 67| 8.0|18.8[2k.8]|2.97{3.74| .63| 8.6|45.9|5.47| L.46|14.3 | 10.6| 1h9.1 | -.20
1469 118.313.15|27.3 [4.03 | 62| B.4|20.5|28.7 2.9u[Lh.3h | 56] gu|sb.2]5.85]1.62]19.7 |10.7] 187.4 | -.20
16.48 115.6 | 3.54 [30.5 [3.74 [ .67| 8.3 [30.2|34.6|2.80(5.61| .28|11.9|43.8|6.06|1.65|20.k |12.0] 1b&.0]| -.20
16.95 [ 17.7 [ 3.4 | 32.4 [4.08 | .63 9.1|20.3|34.2]35.23 k.51 | .55|10.2] 4k.2|6.22]| 1.76] 20.9| 11.5] 150.3] -.20
17.20 [ 13.5 | 3.7 [34.1 1 3.53 [ .69 8.9{17.8|37.413.66|4.29| 59| 9.9|43.1]6.16[1.83| 2.3, 11.2]141.0] -.20
18.61 { 1b.7 [4.25139.9 [4.06 [ .69| 9.1]20.7 [4k.5}5.85f5.1k{ .51|11.2) 41.5]6.62]| 2.18]|27.8|12.3) 14| -.17
20.55111.8|4.48139.9 [3.61 [ 71| 8.6]|16.9|46.6{4.18] b.68] .56|10.8} 42.0|6.75] 2.06|20.2| 9.h{137.h| -.16




TABLE III.- COEFFICIENT DATA FROM TESTS OF A 5-INCH-BEfYM, %0° DEAD-RISE MODEL - Concluded

y At maximum load At maximum moment At maximum draft At exit
or
deg | Cy | o, l Cn l Ca | Cz [Cep Ct;j Cp l CL, l Ca | Cs lccp Cy I Cq I CL | Cm| Cep| Ct l Cs
T =159 Cp = 300
5.21135.7/0.68] 2.7|1.56{0.54] 3.8|41.3| 2.6/0.66|1.69/0.40| 3.£]65.9|1.8810.51] 1.1} 2.1}--on-f--om-
5.42]29.411.25| 8.3|2.36| .58| 6.4|42.3| 8.2{1.16/2.89| .32 6.6157.0}3.09 6.4 [ ) [P
8.76]33.9{1.96]18.4 (k.01 .b7| 9.0[33.9[18.k[1.96{4.01} .LT]| 9.¢|59.7|4.85 3.4 10.0| | ~—-—=
10.19]21.9]2.22|18.3{3.29| .68| 8.0]35.0|23.8|2.13|4.59] .43|10.8{59.915.45 0{12.5]mmmn| wmmmm
11.00|27.2|2.50|24 .64 30| .56| 9.5|27.2]|24 .6|2.50(4.30] .56| 9.7 159.5[5.86]1 . LLI16. 4111 .2} cmmct —mmum
13.7330.2/3.03|34.8|5.54| .u7|11.1|37.5{39.1]2.90]|6.2L| .35]15.¢|59.4 6.91[1.45[19.5{13.0| —=emu| ===
15.52(19.7/3.76(37.6|k.56| .67| 9.7/28.1{48.0[3.76|5.86] .47 12.7 {54 3 T.b1|-wrmf—mmnl mmmmfmmmonf oo
18.54(19.1|k.35]|46.0{5.06] .66/10.2)29.1]59.1{k.08{6.72| .41|14.0|5L.6] 8.07 === === == |-mmmef ==--
T = 159 Cp = 40O
3.15/53.4]0.75] 3.7]{2.13[0.37] 4.7\71.9| 4.0{0.70[2.33]|0.06]| 5.5|7%.0|2.35[0.66| 3.5] 5.1 176.5| -0.58
5.59{143.2| .86|-mm=[2.10| .50[-nom|-coc|-mmmfemmmfmmemjammm | —o=- 1684 2.52] T3 -oonf oo 180.1 -.48
L.oh|k0.7]1.18] 8.3|2.82] .48} 6.8{54.3| 9.1|1.14]3.26| .28] 7.7 69.503.46] .97 7.5 7-5[186.1 -.47
6.09137.111.30| 6.3]3.23| .58| b.7|L2.6] 6.6]1.30{3.53| .51| ¥.9{72.1|k.37( .93} 3.3 [ 7T PN
6.8 36.7]1.56]|12.1]3.54| .59 7.5/52.7|13.9|1.46{k.20| .29 9.2|76.6|4.50| .95 8.2 8.3-cmee]| —mmmm
7.17132.6/1.59]10.2{3.58] .66| 6.2|43.1[12.3|1.59|k.31| .48 T.- 76.9(5.30| .91] 6.3] 6.6f--mae]| ===--
8.76|29.6]2.12[18.4{3.86| .63 8.4134.5119.9|2.08|k.29| .55 9.3[T1.5 5.65[1.10]11.2] 9.8[-=eue| ~=a=-
g.71| 32.6|2.29|22.3[4 54| .57 9.4|k9.6i24.92.03{5.79] .29|1L.3 76.0| 6.35|1 .24 14 B[ 113 [ cmwen]| —om
9.92{29.6|2.55|25.6[3.95] .57 §.7|29.6|25.6{2.55|3.95| .57} 9.7|Th.3 5.68| .77 4.8 6.0{-cncf ammnn
10.73| 27.6| 2.52{20.5{k.20] .62| 8.7/30.L[25.8{2.52|k.k5| .58]10.9|75.2 6.8 1.14[12.21 11 .5 mmeae| =mm—-
11.23 27.2/2.61]2h .50 4.31| .65] 9.0{55.6[30.3|2.17|6.L7) .19|13.5 68.6]6.73|1.42{18.7] 12.8| -===u| === ==
12.18] 24 .1{2.78/26.14.27| .69 9.1|42.7|34.7{2.63|6.23| .37|12.7|73.4{ 7.23|1.34]19.3] 15.9] ~-mo| ~=---
15.20] 23 .413.11]31.3| 4. 42| .67 9.7|42.T{k1.8|2.93]|6.63] .37|13.5]70.2| T.59|==n=| ====| ====| ===~ ====~
T = 159; Cp = 530
2.16/55.9/0.57|11.41.520.54119.3]55.9] 11.4[0.57|1.52]0.44|19.3|84.911.7110.48| 9.2 18.6|194 .6 -0.61
o.22139.7] .62) 2.u|1.27] .66] 3.7|52.2] 2.9] .60|1.52| 47| k.+|83.5\1.75) .51 1.6 3.11198.4 .71
2.58|58.1] .81| &.9l1.91| .35 5.9{58.1| k.| .81|1.9L| .35 5.3|83.3|2.07| .57 2.3 3.9/19%.7 - 48
365/ 53.4] 9| 7.4|2.44 37| 7.6[66.3) T.5| .89(2.66) .22} 8.L]82.9 2.761 .72 6.0 8.0|---ac] wuumn
3 67)35.7] .93] 5.5(1.78| .6k| 5.8[67.6| 6.1} .88|2.55| .18 6.5(88.3|2.64] .56] 1.3 2.3/204.8 -.52
L.38|54.3]1.26{ 9.7/3.15| ki 7.5|61.3[10.3]1.23]3.32| .32| 8.1|78.8]3.57|1.10 9.6] 8.5[220.2 -.45
L.57|36.2|1.18] B8.3}2.28| .66 6.6{46.6] 9.9/1.18|2.70) k8| 7.5 82.8/3.28| .80 4.4 5.3(209.00 -.45
6.01/%0.9{1.56|13.1] 3.18| .56] B.1|52.4[13.5{1.47[3.67] .36| 8.3{80.2)4.19]1.07} 9.6} B.7|---arf —=uum
6.06/30.911.69|14.9|2.52] .63| 8.5]36.4115.8|1.69]2.85| .53| 9.2{72.7/3.8L|1.15/10.1 8.5 cmmee| mmmem
6.4552.6|1.77/15.8]3.61| .55| 8.6|/47.5/17.0{1.74(3.86| .47} 9.+]8L.9 4.7011.19(11.2] 9.1j-maanef wmmmm
7.71{35.2|2.01|18.5]3.77| .57| 3.9|48.4|21.111.94ik 58| .39/10.5|79.3[5.27]|1.25{15.7} 10.5| ~=ome]| —-=-—=
8.67|32.32.23|19.9{k.02| .67| 9.1{58.4{23.4]2.01|5.81| .33|12.1 86.0|6.37|1.46|17.0[12.5[-==ea| m==mm
8.96]33.0/2.33]21.4| 4.23| .64 9.3|52.5|25.7{2.04]5.65 .37|12.2/87.0 6. . .
10.25| 30.5]2.70} 27.4| 4.39| 64| 9.8/51.7{31.2)2.38|6.10{ .34{12.7|84.8/6.
11.35(26.5(%.05|31.9/4.27] .71|10.1|51.7|40.2{2.49{6.63| .35|14.2|85.4|7.
12.04]35.5]3.66/49.0{ 5.85| .98{12.9|4k.3}52.813.4616.6T) |1k . T|T5.H 7.
T = 300; Cp = 208
2.75/30.9/0.68| 2.1{1.08{0.42| 2.7/30.9] 2.1{0.68/1.08|0.k2| 2.7 38.6/1.16(0.63| 0.1 0.1 91.1|-0.62
6.2k 34 .5 1.42] 5.412.890 25| 3.3/41.8] 6.7|1.39|2.56| .ok} L.2|41.8(2.56|1.39] 6.7} 4.2 92.6| -.69
9.50]30.7]/1.98] 9.0]3.50| .33| 4.1}30.7| 9.0{1.98/3.50| .33 4.1039.9/3.73(1.80{ 7.4 3.8] 96.4 -.60
13.07|2%.7|2.70{16.1| 4.10| .48 5.2|23.7|16.1}2.7i|k.10| 48| 52 43.014.98[1.85 8.8 4.1{105.9] -.48!
17.85/18.513.89}27.8/4 .61 .57| 6.2(23.5[25.7/3.67{5.31| .41| 6 1ikl.2 £.19]2.13|11.7] 4.811k.b4] - 321
20.91|15.8]k.28|29.6|4.70[ .62 6.0{2h.4[33.6\4.03|6.14| .38] T 2]|40.2{7.10{2.73[22.0| 7.0{130.0} -.20|
T = 309 Cp = 530
2.2252.200.90 1.6]1.52[0.37| 1.5|58.5| 1.9]/0.90{1.58(0.24} 1 8|6k.7 1.6210.86] 1.2] 1.2|146.2/-0.73
5.59|b7.0[1.28] 4.7|2.27] k1] 3.2|50.7| 4.81.28}2.35| 33| 3 2 69.5[2.54|1.14] 3.0{ 2.3|154.1 -.79
711464 2.20113.4|k.21| 46| 5.3[56.3|13.8/12.18}4.63] .28| 5 5|7h.5 L.g2l2.12f16.1] 6.6)187.8( -.61
8.80|%6.2{2.84|18.5/ 4 .62| .64 5.6[45.2{19.4{2.81|5.32] 45| 6 0|73.9|6.23{2.12 14.6{ 5.9|--—-=] ===
9.97/43.1|2.94| ~aan| 5.70| 48| -coaf-mmn|mmmmlmmm [ omm feme o f e - 75 A 6.89]2.21| mma| =mom | mmme | —mmee
11.33|38.5|3.ho}2k .0 6.04| .53] 6.1]57.7[26.4{3.12|7.43] 24| 7 3|75.7|7.77(2.38(18.9] 6.9[-w-mn| =rm--
Lif;?7 40.7]|3.64|27.4]6.98| .51] 6.5{58.9|35.413.57|8.37| .25| 8 6|58.918.37|5.57 35,40 B.6]|-meer| -o——-




TABLE 1V.- EXPERIMENTAL DATA FROM TESTS OF FLAT-BOTTOM (0C DEAD RISE) 5-INCH- AND 8- INCH-BEAM MODELS

At contact At maximum load At maximum draft At exit
Voo [Eor |%or | 7or [t g o |2 e | B]c. ™ |c lc Yol e e | le | |2
fps |fps |fps deg sec € o L fr a fps z ft-1b m °P sec t i L ft a sec fps
T =%% W<1,156 1b; Cp = 62.5; b = 8 In
82.3| 3.3(82.3| 2.29]0.077| 9.510.54 j0.21 [0.19 [0.28(2.1[0.65 ] 1,771 | 0.9] ¥.3]0.247]30.50.27 |0.11 0.38(0.580.767 [-0.7
52.8| b.5|52.6| 4.89| .086| 6.8] .52 .50 34| .50[3.1| .70 2,762{ 3.4 6.9| .359|28.k; .28 .27} .71 [1.0T |-~~~ [
68.8] 6.7|68.5| 5.61| .079| 8.1|1.02| 58| .h2| .63|4.3| .64 | 5,863| 4.3| 7.5| .27h|28.2] .57] .32] .80)1.19{--m-- -
57.5| 7.3(57.14 7.25] .075| 6.5(1.12| 51| .46} .68|5.0] .68] 6,728] 7.1| 7.8] .291|25.1| .96 A6 95142 930 -.9
su.2! 7.015%.8] 7.38] .018| 6.3|1.07| .98] 47| .70|4.7| .68 6,572| 7.8] 8.0] .303[2h.6| .56 .51 g9B8[1.47| .c29]-1.3
T =30 W= 2,b72 1b; Cp = 133.7; b = 8 in
85.3| 2.9]85.3] 1.97]0.053] 6.8{0.30l0.24 0.1k [0.22]|2.6]0.89] 2,384 | 1.1] L.8]0.393[50.3]0.19}0.15 [0.550
8h.0| 2.9|8s.0| 2.20| .093 11.7] .27 .22] .26| .39|2.2| .75[ 2,151 1.1| 4.8 .363]45.8| .17| .14} .53
a.3| s.3|8h.2]| 2.9 | .162]20.5] w0} .29 .5u| .B0|2.4] .56] 5,534 | 2.7] 9.3| 162l2c.5| 36| .29f 761
68.11 3.5(68.0] .31 .08 | 8.6} .33 41| .29 .43|3.3| .83| 3,299| 2.5| 6.1| .k19|42.8] .25[ .31| .79|1
68.01 k.2|67.9| 3.51] .091] 9.3] .361 .45 .33| .49[3.3]| .80]| 4,362| 3.3| 7.4| Milfsz.of .27] 3| .81
60.6| 4.0{60.5] 3.77| .091| B.3| .31} .48} .33| .s0|3.2| .81] 3,518] 3.3| 6.5] .091| 8.3 .23| .36( .88)1
67.5] b.9(67.4] k.17 090] 9.1] 43] .54 | .39] .58|3.6] .74] 5,710| L.4} 8.0 .090] 9.1f .32{ .kOf .97|1
69.8] 6.7]69.4] 5.50| .o91| 5.5| .68| .80 .53} .79lu.7| .71{11,964| 8.6[10.T{ .091] 9.5] .u4]| .52|1.13]1 e
T = 6% W=1,156 lb; Cp = 62.5; b = 8 in.
a1.0| 3.6]81.0] 2.5 [0.098]|11.9]0. 74 |0.30 |0.28]0.42[1.9{0.54 ] 2,599 1.4 4.510.188/15.2|0.53]0.22|0.3610.5410.455 -1.8
65.1] 6.6|6k.7] 5.8 | .0B0| 7.8|1.07| .68| 45| .68|--=|--=-| 3,928] 3.2 k.7} .2k9l16.2| .60| .38| .78]1.16| .684[----
6.6 8.1|6k.1] 7.21| omu| 7.2|1.32| .85] .s2| .18|5.2| .65 5,229] u.u]| 5.1] .265|17.1] .60[ .39| .95|1.k3] .7T2{-2.3
52.8] 9.4[52.0[20.31| .o77| 6.1[1.30|1.25] .6l .95(6.3| 73| 5,276 6.6] 5.2} .327|17.3| .53| .51|1.38]2.071.130(-2.0
T = 6% W= 1,912 1b; Cp = 103.4; b = 8 in
g2.4| 3.8/82.3] 2.65|0.109]|13.5]0.52]0.34 {0.35]0.53|2.50.66 3,314 1.7} 5.0[0.268]33.1{0.40[0.26(0.53(0.80|0.689(-1.7
ay.2| 5.9158.9] 5.76| .098| 8.7 .63 .80| .32| .73|%.6| 77| 4,782] b.7} 5.9| .383]34.0{ .33| .42[1.07(1.60|L.135(-1.2
52,71 7.4|52.2] B.1io| .093| 7.4| .75|1.20] .64} .96|5.7| .76} 6,305| 7.9 6.6; 23334 . .5h(1.43(2.1% 1. 402(-1.0
46.6| 8.2|ks.8{10.13} .088| 6.1| .75|1.62| 66| .99|6.3] .77} 6,703|10.8] 6.6} .468]32.7] .35| .72(1.69]2.53 1.488(-1.2
T = 6% W =2,472 1b; Cpo = 133.7; b = 8 in
83.5| 3.3/85.5| 2.26]0.109]13.7]0.39/0.32]0.32(0.47|2.5]0.70| 2,628] 1.3| 4.1{0.294]36.8/0.33{0.26[0.51{0.
42.0| 3.5[41.8| u.63| .180]11.3} .23] .75] 53| .8oj2.4| 72| 2,379] 4.7f 6.3} .570|35.9] .15} .50] .95{1.9
62.2| 5.8/61.9| 5.33{ .111|10.4] .b4| .65 .o4| .82h.2| .73| 4,021 3.6] 5.5| .b31|k0.2] .27| .4O|L.13|1.
68.1| 6.6/67.8] 5.51| .102|10.4| .63} .78| .60| .89|4.8] .73| 6,3B4| 4.8 6.1} .397|k0.6] .35] .s4j1l.22{1.
56.6| 6.0]56.3| 6.03| .115| 5.7| .53| .95| .60| .90l4.5| .75| 6,166] 6.7| 7.0 .h52{38.4] .28} .51|1.241.
szl 6.2(52.11 6.8 .120| 9.4 .u9|1.02| .65 .97(k.6] .75 6,115] T7.7| 7.5 .5i0jk0.1| .28 L6011 .4512.
57.1] 7.2{56.7| 7.25| .107| 9.2| .65|1.1b| .70[1.04|5.5( .77| 7,550] 8.1| 7.0} .W77(k0.9| .32 .56|1.55[e.
56.11 9.1195.4] 9.34| .100| 8.4 .83{1.51| .78|1.17\6.8) .74110,428|11.5] 7.6| .470|39.5| .37 68|1.812.
Lo.u| B.4[EB.7{ 9.85] .108] 8.0] .62|1.L6| .73|1.10|6.%| .76} 7,276|10.4] 7.1| .512{38.0| .31] .73{1.80{z2.
56.2|10.2]55.2]10. 42| .109] 9.2| .g92[1.67] .92|1.38|7.1| .70{12,373|13.6[ 8.1| .469|39.5| .36] .66]1.97)2.
55.6(11.5]5h.4{11.91| .087| 7.3]1.07[2.00] .87[1.30|8.4] .73|13,910|15.6[ 7.8] .s13{42.8] .39| .72{2.28|3.
T = 6% W= 933 1b; Cp = 208; b = 5 in.
8g.4| &.2089.3| 2.71]0.090[19.310.62)0.4310.12|0.28/2.910.68| 1,806| 3.2{ 7.5{0.290{62.2|0.23 0.16{0.30[0.71{0.677|-1.1
78.9! 4.9/78.7] 3.99| .085|16.1) .63| .56 .18] .u3[3.6| .1k| 1,880 4.3 7.6| .295|55.9| .31| .28} .50|1.20| .890|-1.0
68.41 7.4168.0] 6.17| .083|13.6] .86|1.02] .34| .8L|5.5| .74 3,118| 9.5| 9.3| .323|53.1| .bo| .k} .88[2.12|----- ———
63.2110.5/62.3] 9.93| .o69lin.5|1.31]{1.82] .45|1.09|8.6| .82] 6,122|21.5(12.0{ .349]|52.9| 48| .67/1.37(3.30|---~-- ———
39.5010.11%8.2{ 1k .B0] .112]10.6| .95|3.37] .78|1.88]7.2] .71| b4,827|k4.0|13.0} .Lbk1|k1.8] .56]|1.97 1.76|k.23|1.325|-1.6
T = 6% W= 2,455 1b; Cp=54; b=51n
87.1] .8/87.0] 3.13]0.176]36.8/0.38|0.72]0.76{1.83| 3.0|0.62] 3,826| 7.2 9.9|0.456195.3]0.27[0.51[1.17[2
77.7| 5.5177.5] .07 .170|31.7] .38| .92} .82{1.97|3.7| .67] 4,059 9.6]10.4] .515/96.1} .13| .47[1.38|3
68.1| 6.1{67.8] 5.15| .205[33.5] .39[1.23{1.09|2.61|k.1] .67| 5,545|17.1|13.8[----- e fammn|-o==11.31]3
16.5 6.2/46.1] 7.70] .190]|21.2| .27[1.82|1.09|2.62[4.8] .76 3,684|24.3]13.3| .670|Tk.8| .27[1.79[2.30[5
62.3| 8.8/61.7| 8.08| .150[22.%[2.03(2.07|1.19|1.74{6.8] .77 [------ amae|====] .505|75.6| .79|2.96)2.k2[5
T = 15% W = 1,156 1b; Ca = 62.5; b = 8 in
81.6| 3.6/81.5] 2.5510.106{13.0[1.05|0.42[0.26]0.L0j1.0]{7.28] 2,347| 1L.2| 2.8{0.136116.6/0.88 0.36/0.24|0.43]0.309]-2.6
69.3| 5.4169.1 ¥.50| .103|10.7|1.14| 64| .u5| .67|2.7] .%0! 2,717| 2.0 3.0{ .178{18.5[1.03[ .58f .5b| .82| .41B}-3.2
69.7! 6.7169.3| 5.95| .102[10.7{1.37] 76| .55| .83|3.5! .52l 3,431 2.5] 3.1] .192|20.1(1.10 .61 .70[1.05] .435(-k.0
53.71 7.8|52.6| B.k3| .105| 8.5/1.16/1.08| .67]/1.00/5.0] .64] 3,259] 3.9] 3.5| .250|20.1| .84 .79|1.02|1.54] .6k0|-3.5
51.30 9.5)50.4/10.63| .103] 8.2{1.38{1.41 .81]|1.20{6.0] .64| b,7BL] 6.3| k.3| .263}20.2] .89| .9111.26|1.88] .685{-3.7
38.5| 7.9|37.1{12.05| .119] 7.0| .87|1.62| .82|1.22{5.5| .69| 3,053] 7.0| k.2| .349|20.4| .52| .98/1.36/2.05| .976]-2.4
i1.7|10.4] ko ] 1h B8] .088| 5.5/1.57[1.96| .80|1.217.3] .70| b,003] 8.0 k.0| .323|20.2| .k1| .63|1.5112.27| .896|-3.5
40.7|11.0|39.2{15.72| .093| =.7[1.39|2.23| .85|1.287.1] .65| 5,184[10.9( ¥.7[ .323[19.7]| .72 1.16{1.5812.37 .917|-3.7
36.7011.9|34.7[18.93] .085| b.7|1.36|2.77| .89|1.33{ 8.7 73| 4,603[11.9| 4.1} .370|20.4[ .52|1.04)1.88]2.82[1.117}-3.1
35.9/12.0{53.9(19.52| .084| u.5[1.27|2.83| .88[1.32{8.7| .73| 4,637|12.5] ¥.3] .359|19.%| .55{1.14{1.88|2.82{1.10k}-3.2
T =15% W= 1,57k 1b; Cp = 85.1; b =8 in
79.8] 3.3|79.7| 2.37|0.114(13.6|0.69{0.bo]o.24[0.36/ 1.7(0.52| 1,775| 1.0| 2.4[0.184] 22.0f--w-|----]0.29|0.43(0.398(-1.7
68.6| 6.6/68.3] 5.531 .112[11.5/1.12] .87] .57| -86/3.8] .57| L,605| 3.4| 3.8 .224[23.0f----t---- .7B|1.16| .529 -3.6
50.1| 9.2|%9.3[10.55} .1au| 8.6/ 1.11]1.62| .83|1.25{6.5| .71| 5,453] 7.6| L.5| .323(24.3] .61] .35/1.47|2.21 Bul|-3.6
23.3| 7.522.0/18.81| .159] 5.6 .52[3.50( .98[1.46]5.9 .78| 2,919|18.7| 5.2| .638j22.3]- .23[1.53 2.18{3.28|--—-- -
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|

B=30°; b=>5 in. L-58-2558

(b) Photographs of models mounted on the l.angley impact-basin
carriage boom.

Figure 1.- Concluded.
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Figure 8.- Continued.
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