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Abs tract

4A method of calculating the resistance of a ship being towed is
necessary In order to calculate the maximum al lowable to~wing speed for

~1a g Ivan tow and towline and the loads for the sizing of the towing gear.

A To develop suchi a method, available methods of calculating hull, locked
propeller and wind resistance and added 'resistance in waves of a tow

were Investigated. With results of the investigation of these four

determining to eitnewsdeveloped. A correlation study was

conducted to compare the results obtained using the new procedure with

the method currently used by the U.S. Navy and with data obtained from

full scale tests. General conclusions are reached as to the accuracy

j and applicability of the new method for determining tow resistance

developed In this report. Recommnendations are made for future research

and development.
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- 1. INTRODUCTION

This Is the final report on the subject of the development of a calcu-

lation procedure for the determination of tow resistance, NAVSEC contract

number N00024-75-C-5508, task number 6140-808.

This task originated from the need for a better method of calculating

the resistance of a ship or barge under tow. The calculation procedure must

be simple enough for a sh.p operator to quickly calculate the tow resistance

while towing yet be sufficiently accurate for sizing towing gear and for

determination of the maximum tow speed. The method currently employed by the

U.S. Navy to calculate tow resistance may be found in the U.S. Navy Towing

L Manual, NAVSHIPS report number 0925-000-1000 which was published in 1971.

The basic approach was to calculate hull resistance for a wide range of naval

ship classes and to re-examine and if possible verify the calculation of

propeller, wind and sea state resistance. Sufficient documentation was pre-

sented so the proposed procedure for calculating tow resistance would be

amendable for Future development.

The specific task requirements were as follows:

1) Calculate hull resistance for tow speeds from 0-12 knots for

a wide range of naval ship classes.

2) Invetigate the available calculation methods for determining

locked propeller resistance.

3) Develop a method for determining the added resistance due to

waves for the range of Beaufort numbers from zero to seven.

4) Investigate the available procedures for calculating wind

resistance and improve the present procedure if possible.

• '-5) Prepare a format for the presentation of the data and the

calculation procedure developed by MR&S in this study.

--1



6) Perform a correlation study to compare results obtained from

full scale towing tests at sea with the results obtained from

the U.S. Navy towing manual and the MR&S proposed method.

Section 2 presents considerations in the determination of tow

resistance to provide an overall view of the towing problem, describe

the basic assumptions made in the formulation of a calculation procedure,

and state the limitations involved in the use of the calculation procedure.

The importance of problems related to towing not considered in the develop-

ment of a calculation procedure for tow resistance is discussed.

Sections 3, 4, 5 and 6 treat the rationale for the development of the

major tow resistance components, hull, propeller sea state and wind resistance

respectively. Each section discusses the problems of determination, methods
of determination, presentation of results and accuracy of results.

Section 7 combines the material of the previous sections into a step

by step calculation procedure for determining tow resistance. It also includes

the data necessary for performing resistance calculations for the complete

range of naval ship classes.

Section 8 presents a correlation study which compares results from the

calculation procedure of the U.S. Navy Towing Manual with results from the

MR&S procedure (Section 7) with respect to to the four major resistance

components. Results of full scale towing tests of the LST I179 class were

also compared with the two methods of calculation above.

1-2



L7

Sections 8and 9contain conclusions and recormmendations for future

research and development.
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. 2. THEORY OF TOWING

The determination of tow resistance is really a three-dimensional

problem since the tow, towing ship and towline are not usually in the

same plane. However, this study restricts itself to a two-dimensional

problem by assuming that the tow follows directly behind the towing ship

with zero yaw and only the resistance of the towed ship at that end of

the towline is considered. Towline drag is not treated in this report.

Four basic components of tow resistance are considered in this report:

(1) Hull resistance which is composed of frictional and residuary

resistance with an allowance for hull roughness.

(2) Locked propeller resistance which for certain ship types

may be three times greater than the hull resistance.

(3) Added resistance due to waves which can become a significant

component when towing is conducted in higher sea states.

.Wind resistance, which is always present due to the velocity

of the tow, may be a significant component at high wind speeds.

These four tow resistance components are further discussed in the

following sections and Svction 7 combines these components in a

calculation procedure to determine the tow resistance.

In conducting a rigorous analysis of the towing system other factors

in addition to the four components above should be considered. As

mentioned before the towline hydrodynamic drag must be considered in

the calculation of the towline loading.

The tow resistance itself will be larger if all six degrees of motion

are considered. The sea state resistance as developed, consideres the added

2-1
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R - resistance at same heading angle lb.
a

C heading angle in degrees

Average values for C for various naval ship types are for carriers

w

0.45 (CV 9 and CVE 55), for combatant types 0.70 (CA 139, CL 145, DD 445,

DD 692, LST 1156), for cargo ships 0.75 in design condition, and 0.90 for

the light condition (Ref. 13, 14).

Curves for average values of K for tankers, cargo ships and combatant

types have been constructed (see figures 5-1 to 5-3). To allow some margin

of resistance for drift multiply K by 1.5.

Combining the conversion constant for tow soeed, p/2 and the factor

of 1.5 yields the equation for wind resistance.

RW - 0.00506 Cw AT K VR

where VR is tow speed in knots.

The advantages of this method over the other methods aside from

simplicity is the use of drag coefficients developed specifically for naval

ships, a method for accounting for heading angle and use of data which is

available for most all U.S. naval ship classes. Uniform gradient is

implicitly assumed which adds a progressively larger factor to safety as

wind speed increases.

5.3 Accuracy of Results

It is expected that the above method will generally yield

conservative results. The greatest error will probably result from the

inaccuracy of the assumption for drift and the determination of wind

'-4
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velocity at sea. The wind resistance will generally be less than 12% of

the tow resistance so extreme accuracy is not required when compared with

the other resistance components.

..-. 5-5



6. Sea State Resistance

6.1 Problem of Determination

The determination of a "simple" method of calculation to apply

to all naval ship classes in all sea conditions is the most difficult

problem of this study. Unfortunately sea state can be a significant factor

-- for the tow resistance calculation at higher wind speeds as indicated

in Table 6-1 (Ref. 20). The percentages in the table will be greater

Table 6-I. Percentages of Total Ship Resistance With

Weather Head On (From Ref. 20)

Wind speed, knots 30 40 50 60 70

Hull resistance in smooth water 56 46 36 28 21 -

Extra hull resistance in rough
water 33 36 37 36 31

Wind resistance 10 16 24 32 39

Rudder resistance 1 2 3 4 6

than those for a towed ship due to the addition of locked propeller

resistance. At the present time, a sea state factor, K1 is used in

the U.S. Navy Towing Manual (Ref.8). This K1 factor is multiplied

by the calm water resistance of the hull and locked propeller to yield

the tow resistance in a sea state (without wind). No documentation of the

development of this K1 factor was available, so it is not known why the

propeller resistance should be involved in a correction for sea state. The

K1 factor is presented in Table 6-2.

The MRS study separates the hull and propeller resistance and corrects

only the hull resistance for sea state. In this method, the added resistance

in waves is added to the calm water hull resistance instead of using it as

a percentage factor since the added resistance in waves is independent of

6-I
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the calm water resistance (Ref. 27).

WIND rOmC. WIND AVERA; iUAVL p'FJlU , '.-
(BEAUFORT SCALE) VELOCITY LENGTH DUL TO RIAXI MUFAF ':TOR

(iNOTS) 1r1NO (F T.T )' IuAVf L IflH T K,
F F T )2..--

0 0-1 -- 1.0

1 1 - 3 25 -- 1.1

2 4 - 6 52 1.7 1.2

3 7 - 10 H4 3.4 1.3

4 11 - 16 124 7.9 1.4

5 17 - 21 17'4 13.2 1.5

6 22 - 27 243 19.7 1.6

7 20 - 33 317 27.1 1.7

8 34 - 40 421 36.5 1.8

9 41 - 7 572 (2) 2.0

10 48 55 827 (2) 2.2

11 56 - 63 -- (2) 2.5 ._

12 - 17 64 - 1 f!- (2) 2.a

Table 6-2. Towing Factor K1 from U.S.N. Towing Manual (Ref.8)

Three basic approaches are used here in the development of a correction

for sea state: 1) use of full scale data taken at sea, 2) use of approximate

methods for calculating added resistance for a stationary ship, and 3) use

of an analytical method which uses the principal characteristics of Series 60

hulls and the Pierson Moskowitz sea spectrum. It was beyond the scope of this

task to perform an exhaustive literature survey for these approaches, but

a few sources were examined to obtain up to date methods of predicting

added resistance in waves.

Very few full scale tests for added resistance in waves have been

conducted and the data collected is generally for small low powered ships.

6-z
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Bonebakkar collected powering data for hundreds of observations of a low

powered motor tanker over a range of weather conditions. Figure 6-1 shows

a plot of percentage increase in power in waves versus Beaufort number

and Table 6-3 gives the ship particulars for the motor tanker (Ref. 20).

IGO

160- 'ui nSct de
Nmber of observatoris on

- wIich 040Average is bated Table 6-3. Particulars of the Ship
140 -investigated by Bonebakker (1954)

140_ __ _ _ __ _ _ __ _ _

- . .~',00-

. a...........22 25
U .M

C Rkwk cuvftcaM 0 741
60

21 PIO7 R............ 1

P (huhb.............

20 P .*5 -P(vtoualJ........... 60

Nun*ACi of bladcs

0 72 &.IF .. .. . ao

Speed. dt%'gnd 1.25 knots

I..[ r 4ng.. I%)-
Z. . . . 0'.. 4 .40

AlooI.rrq4lI ,qt~ I Alo o.,. ~.e.~5ne .@ 'o2. Sh-fo OrIt- reerew.on 4A I, Ito U.%I-
Wisn d. Wavos arid !:10-wi1-I.sistance eq~ja~fn......... a 0561 .. 4 isS hy AmjI.. of 1,in dnc V

2) Wov* Wj*;qI,#S dec 2. Mean %ervice rtew1On dA r Ito 1N)
eq..r..n...........0 0V19 j. I4 It

0 I 2 S 7

Fig. 6-1. Increase of shaft horsepower in
* rough weather (from Bonebakker, 1954)

6-3



.-. L .- .-[ - . .T. -.. - .J-w . -. -..--..- . ...-- -r- c .- -. - - . - .. - . . - . - *_- .-.. -. --- -. - - .- - -- -. . . .- . -....

Note that the allowance percentage of Figure 6-1 includes wind and steering

resistance along with the resistance due to waves. No direct comparison be

made with Table 6-2 since the K1 values of Table 6-2 are multiplied by

the sum of the hull and locked propeller resistance.

Figure 6-2 provides a curve showing the percent increase of power

for the ship Lukuga again considering both wind and waves combined for

head seas versus the Beaufort scale (Ref. 16).

Table 6-4 gives the ship particulars of the Lukuga and Figure 6-3 -

shows the contribution of wind and waves to the total increase of

resistance in adverse weather.

Ship' s name v. LulcIaa

Shipowne•r Complgunie Maritimel

Beige

Shipbuilders Cockerill-Ougre -

Hull condition Shell welded,
frames riveted

LenGth between perpen- 136,000
diculars Lpp, meter -"

Breadth moulded Bin, 18700
meter

Depth t;o ipprdeck 12,000.
(deck C) C, mcter

DrauGht heavy-loaded Fore 8,6,30
condition, meter Aft 8,945

Druqht light-loaded Pr ,3
condition, meter Aft 6, 55

Deadweight, tons 11.000

Service speed, k-nots 16

Table 6-4

6-4
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INCREASE OF PO',,'ER HEAD SEA vs. BEAUFORT

-- - --- INCREASE OF POWER FOLLOWING SEA vs. BEAUFORT

2 - *.... . LOSS OF SPEED HEAD SEA vs. BEAUFORT 40

INCREASE OF POWER AT CONSTANT WAVE HEIGHT
7"5 mt1!::I I I I I 5 .

* 1355 -- _ 35
~SEA WIND! WAVE WAVEI
STATE VELOCITY HEIGHrR 110HEIGHT R3 j-7 m

BEAFORT KNOTS METER METER -

150 I 30
4 13 104 0,o/

5 18 2,35 1,86 6M-

z-6 23 4,30 3.35
-- I~

125 7 30 8.40 6.60_ _ _. ,

5m 0.
.Ka 2

_ _ _ --.Li.-

" L

.. 75 / ,,..i " .
75 11 is

*,.z --" -

.- '*1

50 _ __ ,

25 _ _ _ _ ___ __ 5:

. ---. 0 --- ----- _"_"

, WEATHER, BEAUFORT 3 4 5 6 7 8
WIND, KNOTS 9 13 18 23 30 37

Ficurc 6-2 (Ref. 16)
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The problem with the full scale experiments discussed is that they

apply only to two ships for very limited sea spectra. It is known

that the added resistance In waves Is dependent on the ship characteristics

and the particular environment or sea conditions the ship Is operating in.

Thus the above methods alone are inadequate for establishing a single

criteria for correcting the hull resistance for waves.

Another problem is that the delivered horsepower is a function of the

quasi-propulsive coefficient and ship speed in addition to ship resistance.

The delivered horsepower invariably Increases faster than resistance if

ship speed is maintained constant as the ship encounters waves. This

results from the Increased propeller thrust which leads to an increase

of the propeller thrust loading coefficient and a decrease of propeller

efficiency. Thus the quasi-propulsive coefficient decreases and the

delivered horsepower increases. It is generally assumed that the thrust

deduction and wake fraction are not greatly effected by waves (Ref. 20).

In the tests shown in figures 6-1 and 6-2 the speed was reduced somewhat

as the ship encountered higher Beaufort numbers to avoid damage from

slamming. Because of these problems the plots of percent increase of power

versus Beaufort number do not directly indicate the percent increase of

resistance.

Analytical methods of calculating the added resistance of a ship

in waves have shown reasonably good correlation with model tests. This

study deals strictly with a ship encountering head seas since the

L: calculation for added resistance in other seas becomes very complicated

with the consideration of roll, yaw and sway motion. Only heave and pitch

motions are considered. Fortunately added resistance is greatest for most

ships In head seas (Ref. 21). The effect of the towline on added

resistance is not considered.

6-7
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" -"A comparison of results of experimental and analytical predictions

of added resistance can be seen in Figure 6-4. The spread of these curves

is an indication of the degree of accuracy possible in calculating added

resistance. This correspondence is partly dependent on the choice of

the sea spectrum. The sea spectrum used in the development of these

curves is the one parameter Pierson-Moskowitz. The curve for the

regression analysis is derived from a sea spectrum recommended by the

British Towing Tank Panel (BTTP) and is not of particular use in this

study, since its use is restricted to ship forms which fall within

the data base of the regression analysis.

Reference 22 presents a tabular method for computing the added

resistance of cruiser stern Series 60 ships. The method utilizes the

Pierson-Moskowitz sea spectrum. It is possible using this method to

* obtain curves of added resistance for a particular cruiser stern

- ship as a function of ship speed and significant wave height. According

to the authors, the added resistance calculated is generally low for

short waves and high for long waves and for low speeds. The method is

most accurate for Froude number ranging between 0.15 and 0.30 and for ,

non-dimensional sea state of 0.02 and 0.04. The non-dimensional sea state

is defined as significant wave height divided by ship length L.

Figure 6-5 indicates that the results of the seakeeping tables for a

Series 60 hull are close to those given by the analytical method. NSRDC

has recently developed a method of computation for transom stern ships

* which was unavailable for this study.
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Another difficult task in the analysis of added resistance is the

L selection of the proper sea spectrum to represent a seaway. The Pierson-

M'oskowitz spectrum is for fully developed seas but as indicated in

Figure 6-6, a developing or decaying sea may have its spectral peak at

j 4. a different frequency even at the same significant wave height.

As shown in Table 6-5 the average added resistance can change by

as much as a factor of three with these changes in spectrum shape. Many

I- investigators now feel a two parameter wave spectrum is necessary to

describe a seaway and even this analysis may not properly account for

short crested seas.

6-io
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Table 6-5. Adc; resistance for various 625-ft
ship forms in Pierson-Moskowitz and three N~orth

S - Atlantic sea spectra (all at approximately the
same significant wave height h 1/3=15 ft) (Ref. 21)
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A two parameter spectrum of the Bretschneider form which was recommended

by the 12th ITTC (Rome 1969) is shown in Figure 6-7. This spectra has

the parameters of significant wave height and wave period. Partially

developed seas lie to the left of the Pierson-Hioskowitz curve (K-i) for

fully developed seas and dying seas and swell lire to the right of this

line. Figure 6-8 shows the added resistance for one serie~s 60 hull with

the two parameters of significant wave height and wave period.

SO) - 11 I

23 t

Characisi Wvr Pod Ttcc -hrcci~cWv Period Tl*sec

Fi.--hrceitcSeas in the Fig.6-8. Typical Added Resistance
T h 1/3 Plane (Ref. 21) Response Contours in the T h 113

IPlane for 625-ft Ship (Series 60,
C8  0.70) at 17.4 knots (Ref. 21)

* By using Figures 6-7 and 6-8 together, it can be seen that for a 20 knot

wind the characteristic wave period may vary from 5 to 7 seconds for a

significant wave height of 8 feet. This results in an added resistance

range of 400 to 10,000 pounds. (Ref.21).
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Miles provides data for 323 wave spectra measured in the North

Atlantic Ocean (Ref. 23). This data was used to calculate the added

resistance for the one parameter, significant wave height, and is

shown in Figure b-9 (Ref. 21). The curve for the Pierson-Moskowitz

spectra has been included. This demonstrates the error possible with

the use of only one parameter and one spectrum.
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6.2metho Norf Cluatonti e pcr peitos

CB  O.70 F n = 0.207 (e.2 "

may e o develoy ipran smple method for determining the added resistance

4'."

in waves, calculations were performed using the seakeeping tables for a '::.-'

Series 60 cruiser stern hull for nine ship classes. These classes were--
q .. ,6.13
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selected to provide a wide range of ship lengths. Low Froude numbers

of 0.1 to 0.15 were selected to provide a reasonable speed that could

be employed while towing in a sea state. The added resistance in pounds

(R ) was plotted versus significant wave height and its corresponding

wind force (Beaufort). The resulting curves for R sare shown in

figures 6-10 and 6-11. A curve from these two figures is assigned

to each of the naval ship classes chiefly on the basis of ship length

and to a lesser extent on the basis of block coefficient and length-beam

ratio.

Since the lowest non-dimensional sea state used in the tables is -

0.015 it was not possible to obtain added resistance data for Beaufort

numbers below 5 for ships greater than 450 feet in length. Figure 6-li

shows that for the larger ships the added resistance converge together

r" ,

as they approach zero so one extrapolation line was used below a significant

Wave height of seven feet. In an effort to verify the accuracy of the.

extrapolated portion of figure 6-11 and the calculated points for low

significant wave heights of figure 6-10 an empirical formula was used.

As discussed in reference 27, several formulas exist for calculating

added resistance for stationary or For moving ships but they give radically

S0

different results and do not account for all aspects of the added resistance

problem. However, to compare with the results obtained by extrapolating

the data from the seakeeping tables, the formula developed by Jacobs and

Lewis was used to calculate added resistance for a significant wave

4.-.'
Waheight of e feet nanefor teneshpstuded Ter eauracyoh is.xpesed

6-14
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1 7
-'..'.. I-.. "

'"'".. ". " ".6 0. 33 1. 33 _ .

= 0.174 g4 (h/2) 1 6 7 (sin a) -

where R - added resistance (lb.) I
h - wave height (ft.) --4

- mean waterline entrance slope (deg.)

5 ship beam (feet)

This equation was developed for a stationary ship in short waves with

the assumption that added resistance is due mainly to wave reflection

and that added resistance due to pitching and heaving is negligible.

This particular formulation was selected among others principally

because Jacobs and Lewis obtained excellent agreement when they compared

It with the results of model tests (Ref. 20).

The results of the calculations using the formulation above are

presented in Appendix C. The mean waterline entrance slope was not

known but was approximated on the basis of the ship characteristics.

The results show close correlation with the seakeeping tables for the

two smallest ships but differ by as much as a factor of 3 for larger

ships. It is expected that the results of the seakeeping tables would be

lower than that indicated by the Jacobs and Lewis formulation since these

calculations were performed for tow speeds from six to nine knots. For

low sea states added resistance decreases as ship speed increases.

Even if it is assumed that the formulation of Jacobs and Lewis is correct,

the resulting error of 8000 pounds of added resistance amounts to less

than 10 per cent of the tow resistance for the larger ships. On this

basis the extrapolation for the lower significant wave heights is

cons I dered acceptable.

6-15

4..L 4.. . -. , .



.. -. .. .. ... ..... . .-

6.3 Accuracy of Results

The calculation of added resistance in wave is the least accurate

of the four resistance components. The method of calculating added

resistance in this study applies only to cruiser stern ships in head seas

with a Pierson-Moskowitz sea spectrum. Only a one parameter wave spectrum

was considered and it has been shown that small differences in wave

period can produce substantial differences in added resistance due to

waves. Until full scale testing in a sea state can be performed to

verify the data presented by figures 6-10 and 6-11 especially for low

sea states, this data should be used with caution. If for no other reason

than added resistance in wave is now independent of calm water hull and

propeller resistance, this approach can be considered an advance over

the previous method as indicated by table 6-2.

/7
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7. Calculation Procedure for the Determination of Tow Resistance

The previous sections have described the method of calculation

for various components of the resistance: hull, propeller, wind and

sea state. This section combines all of these components into one

calculation for the determination of tow resistance. Resistance of the

towline is not considered. The calculation of tow resistance is presented

as a step by step procedure below. The items are summarized in tabular

form in Table 1.

Item

1. Ship class

2-8 Data for given ship class taken from Table 2

2. Displacement a in long tons

3. Frontal windage area AT in Feet.

4. Wind drag coefficient C
w

5. Projected area of all propellers A in Feet2

p

6. Curve number for hull resistance

7. Curve number for K factor

8. Curve number for sea state resistance R

9. Determine wind Beaufort number based on measurement of wind

velocity and observation of the sea state with the aid of Table 3.

The estimate should be conservative and should account for

anticipated changes of weather.

10. Relative wind speed VR in knots

11. Relative wind direction a, measured in degrees measured from the bow

12. Using the appropriate curve from item 7 find the heading

coefficient K for the heading angle a from item 11. See Figures 1-3.



I tern

13. Using the appropriate curve from item 8 determine the sea

state resistance R for the appropriate Beaufort number from

item 9. See Figures 4 and 5.

14. Select tow speed VTOW in knots

15. Using curve number from item 6 and Figures (6) through (13), find

the value for RH/A for the tow speed selected, item 14.

16. Calculate the hull resistance RH.

RH = RH/A x A x 1.25

17. Calculate the propeller resistance R P*

2p
R = 3.737 Ap V tow2

18. Calculate the wind resistance R
w

R 0.00506 CCAKVR2
w wt R

19. Calculate the total resistance RT.

RT - Rs + RH + R + R
p w

Special Note: If the tow does not track directly behind the towing vessel

or if it is towing at an angle of yaw then the ship speed should be

reduced below the maximum speed permitted by the above calculation. Speed

should always be reduced below this maximum value while turning.



TABLE - I

CALCULATION OF TOWING RESISTANCE

SHIP: DATE:

BY: ___________

ITEM
NO. DESCRIPTION UNITS ..._..

1 SHIP CLASS (AE, CVA, ETC.)

2 TOW DISPLACEMENT, a (SEE TABLE-2) LONG TONS

3 FRONTAL WINDAGE AREA, AT (SEE TABLE 2) SQ. FEET

4 WIND DRAG COEFFICIENT, Cw , (SEE TABLE 2)

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 2) SQ. FEETP

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 2)

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 2)

CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 2)-

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-3)

10 RELATIVE WllNO SPEED, V KiUOTS
R

I1 I RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 1-3)

13 SEA STATE RESISTANCE R, (SEE FIG.4-5) POUNDS

14 SELECT A TOW SPEED, VTOW KIOTS

15 RH/d (SEE FIG. 6-13)

16 HULL RESISTANCE - RH 1 x 1.2 POUNDS

17 PROPELLER RESISTANCE , Rp , 3.737 x(D x 10 x r, POUNDS

18 WIND RESISTANCE , R 0.00506 x X Oxx x U x (10 POUNDS

19 TOTAL TOW RES ISTACE R - + P)Q8DS

T [pout,]
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Figure 3 -Curve 3
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.... values for a zero Beaufort number since the valuesfor propeller resistance

are within eleven per cent of each other. The differences in hull

resistance result from a small data base used in the U.S. Navy towing

manual. Only five resistance curves exist to apply to all ship classes

whereas the MR&S method has 39 res.istance curves. The biggest differences

occur with ships like the ATF-148 or the AOE-1 which do not seem to fit

any of the five ship classifications used in the towing manual.

The MRSS calculation for propeller resistance always yields value

eleven per cent higher than the method from the towing manual since the
IL

equation for propeller resistance is the same but the MR&S coefficient

is eleven per cent greater than that from the towing manual. One difference

*_ (j- between the two methods which is not evident in the correlation study is that

in the MRIS method, propeller resistance is separate from hull resistance

so it is not a function of ship displacement. Thus the total propeller

projected area, which can vary greatly even among similar ships, is

accurately accounted for.

There is very poor correlation between the two methods of calculation

for sea state resistance. The reason for the discrepancy is that in the

Navy method the sea state factor K, is a percentage of the calm water

resistance which is not correct as demonstrated by Marou's work (Ref.27).

The K1 factor is also multiplied by the propeller resistance which should

not be involved in the correction for sea state. The MR&S method presents

nine curves for the added resistance in waves which is added to the calm

water resistance. Only one ship speed was used for each curve but this

is considered a reasonable simplification since added resistance in waves

8-5
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does not vary greati) over the speed range considered. Note that th
- .,

added resistance in waves 4,%creased greatly as the Beaufort number increased

from 4 to 6 in the Navy calculat'-.in. This is a result of the reduction

in speed which causes a significant chaa in calm water resistance. If

the Beaufort remained the same, as ship speed de-..-ased the actual added

resistance would probably increase for low significant wave heights but

the method in the towing manual would indicate a substantial decrease

in added resistance. The MRSS calculation for added resistance in waves

appears to yield more consistent results.

The results of the MR&S calculation for wind resistance are always

greater than those of the towing manual, in some cases by a factor of

three. Since documentation for the development of the calculation procedure

Sin the towing manual was not available, it is not possible to fully ex-

plain this discrepancy. Use of the K factor in the MR&S method produces

a longitudinal force with a beam wind while the method in the towing manual

always produces a force of zero for a beam wind. The difference in wind

resistance generally amounts to less than eight per cent of the total

resistance. When more wind tunnel data becomes available it may be

possible to reduce the factors of safety used in the present calculation.

All of the differences of the individual resistance components above

8-6
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combine together to produce the differences in total tow resistance.

* The per cent difference ranges from 2% to 77%.

8.2.2 Part I)-Comparison of Calculation Procedures with

Full Scale Tests

Results were obtained from full scale towing tests

of the LST 1179 class for several tow conditions (Ref. 28). Two straight

line towing tests were used since direct correlation could be made between

* these tests and the results of the calculation procedures. The shaft

was not locked during the test runs but observers on board the tow noted

the shafts never rotated due to the friction of the shafting and gears.

Thus the calculations for locked propeller drag are valid. Figures 8-

j r and 3-2 provide the data obtained during tests number 1 and 2 respectively.

Table 8-2 summnarizes the results.

Table 8-2. Summnary of Results for Tests #1 &#2 of LST 1179 Class

Measured
Tow Resis.Lb. MR&S Cac. U.S.N. Ca.c.

Test Tow Speed R . Wind Re. Wind LST 1187 Test Tow Resis. Tow Resis.
No. KT. Speed KT. Dir. De. (Average) L. %Diff. LB. % tf

--__ __ _-___=_

1 9.5 21.48 3 51,000 74234 45 108946 114

2 9 1.44 175 48,on 60990 27 92263 92.-2

Fu IScle 8-7
8-7



TOWING AT HIGH SPEED, 5TRAIGH-4 COURSE'

4- 11.11Ym

7, 1  7?/sc. *YiPrreM sNAer.s ve r 4act. ..7:.- ___ISrr-Dy 2 CCA)-lS ro pomrofr 5-

5D ~ wN 2:,7.r-r ZAC~OD 2r*,

B~c TURNS =10 14 K WOT.
PIT LOG -9.5 KN075 B.C.

C-EN G ItflT
COURST '270T 1
WIND 2'75 0 T SPLE 12 KNOTS TRUE
2.0LEFT RUDDER 70 HOLD couR SEWI
5EA S3T7 3 MAX(, LIG HT SVYLLu

rU 5cl. FUL PTCR, 5 AFT5 NOT LOCKEFD
5TGP~y 2. BEAI-A5 TO FORT oiriVAKE
RUDDRS ADEGREES

FIGRE -1(Ref. 28) rUSC.t
8-81.



-

-. URNS PO 14 K NOTS DOINN WINJD

t 7rK i1 1LI- K7V K1. H
7- -7 -1

-7A.. I-- . . : -.. ' -

Tf7777h

. -71 N S. POR1 I

-4 EN. G

4 ENGWIED
COURSE 0700 T
WIND 29 4T $PE'ED 10 KNIOT5 TFLu
SEA STAIT- 3 AY LIGVF SVJ-:/-LL 2c,-
RUDE -40 LFT To HOLD COUFTSE-

TUnC s ULL, PITC A7 SPAFTS N0T LOCK'ED
RUDDERS EES

TUSC

-.. *...-FIGURE 8-2 (Ref. 28) .

8-9 -



N 9. Conclusions

This study has examined the four basic components of tow resistance,

hull, propeller, wind and sea state and has combined these components into

a calculation procedure for tow resistance. As described in section 2, other

factors such as yaw and surge may exist which are not considered in the

proposed calculation procedure. These additional factors could significantly

increase the tow resistance and should be considered in future studies. No

factor of safety has been applied to the final tow resistance since the

individual resistance components all have a conservative margin built into

them.

The calculation procedure for tow resistance developed in this study is

somewhat more complex than the procedure in the present towing manual (Ref. 8)

but has the advantages of being more rigorous and fully documented. The

• . biggest difference between the two methods is that calm water hull resistance

is considered separately from the propeller resistance unlike the present

towing manual which presents the two resistance components together as one

curve. The disadvantage of combining hull and propeller resistance on one

plot of resistance divided by ship displacement versus speed is that propeller

resistance appears to vary with displacement which is not true. With the

components combined, it is not possible to disregard the propeller resistance if a

ship is towed without propellers. The calculation for propeller resistance

derived in this study is quite similar to that used in the Navy towing

manual except that the propeller coefficient was increased slightly on the

basis of available model tests. The calculation for wind resistance developed

in this study is based on the procedure used in powering prediction of

U.S. Naval ships (Reference 14) with a few modifications. The advantage

9-1
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of this method over that used in the current towing manual is that it more

rigorously accounts for the effect of heading angle relative to the wind.

The sea state factor K1 as used in the towing manual was eliminated and

was replaced by a set of curves of added resistance in waves versus

Beaufort number and significant wave height. These curves of added

resistance are independent of the propeller resistance and of the calm

water resistance. This change should result in more realistic results than

were obtained from the calculation procedure currently in use.

The correlation study indicates that significant differences exist

between the results obtained from the calculation procedure developed in

this report and the U.S. Navy Towing Manual currently in use. The

available full scale tow resistance data is too limited to draw final

conclusions, but the data obtained thus far indicates that the MR&S

calculation procedure yields conservative but more accurate results

than the method used in the current U.S. Navy Towing Manual. As additional

full scale results become available, it should be possible to make the

present calculation procedure less conservative.

9-2
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10. Recommendations

The calculation procedure for the determination of tow resistance shown

in section 7 was developed within the limited scope of the subject task.

Further research and development can be undertaken to improve the accuracy

of this calculation and extend its applicability. The following recommendations

will vary in feasibility and cost.

10.1 Full Scale Tow Resistance Tests

Full scale tow resistance tests are the most effective means of checking

the accuracy of the proposed calculation procedure. Full scale tests in

calm water would yield valuable information on the magnitude of locked

propeller drag since small scale tank tests lose some accuracy due to scaling

-- effects. Tests should be conducted in a range of weather conditions and

* relative wind headings to determine the accuracy of assumptions made in the

calculations for wind resistance and added resistance in waves.

10.2 Inclusion of Additional Parameters

Additional parameters as discussed in section 2 could be included in an

extended study. The problem of calculating tow resistance should be considered

as a three dimensional rather than two dimensional problem so all six degrees

of motion are considered. The increase of resistance while turning is another

significant parameter to consider.

10.3 Work on Existing Parameters

Additional research could be conducted on the parameters examined in

this study. More hull resistance curves could be added to more accurately

define the hull resistance of the naval fleet. In particular, curves for

10-1
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barges and submarines could be included. The problem of submarine resistance

is particularly difficult since submarines are directionally unstable and

show a great tendency to yaw while being towed.

The method for determining added resistance in waves used in this

study is approximate and can be improved by calculating curves for more

ship classes for a range of tow speeds. Instead of assuming a series 60

hull form, .computer programs can be used to calculate added resistance for

the specific hull shapes considered and in particular would consider

transome stern ships. More accurate results would be possible if a two

parameter study including wave period as well as significant wave height

were used.

The wind resistance is a small component of the total resistance,

- -. generally less than 12 percent. However, additional work could be performed

to increase the accuracy of this calculation. The most important improvement

would be to calculate for a number of ships the additional drag due to yaw

which is a function of the relative wind wind angle and immersed lateral

area. Presently this additional drag is assumed to be fifty percent of

the wind resistance for all relative wind angles and is based on very

limited data.

10.4 Digital Simulations

The most elegant solution to the tow resistance problem would utilize

simulation studies based on data from captive model tests. Work has already .'"

been done in this area as described in reference 29 where a Continuous

System Modeling Program (CSMP) was used to study a tow trajectory versus time.

10-2
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Using this approach towline forces could be determined for the actual

motion of the tow (including yaw and sway motions) which is not considered

in the simplified model used in this study. To be effective this would

have to be performed for a large number of ships in varying sea conditions

which would be quite costly.
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( 8. Correlation Study

8.1 Description of Study

A correlation study was conducted in an effort to verify the accuracy

of the calculation procedure for tow resistance developed in this report

and to compare it to the U.S. Navy calculation procedure which is currently

in use. The study is conducted in two steps. In the first step calculations

are performed using both the U.S. Navy method and the method developed by

MRS for eight ships for which complete data exists. The tow resistance for

each method is separated into the four resistance components, hull, propeller,

sea state and wind resistance. Three Beaufort numbers and three wind directions

were examined for each of three tow speeds. The resulting data is presented -

In Table 8-1.

.0 The second part of the study compares the actual towline tension

measured in full scale tests with the resistance obtained for the U.S. Navy

and MR&S calculation procedures. Several towing tests have been conducted

but documentation of these tests is sufficient to permit correlation for

only the LST 1179 class. As more data becomes available, it would be

beneficial to extend this part of the correlation study.

8.2 Results of Correlation Study

8.2.1 Part I Comparison of MR&S and U.S. Navy Methods of

Calculation

A comparison of the MR&S and U.S. Navy calculations is

done for each component of resistance as shown in Table 8-1.

The differences in hull resistance are quite large,

sometimes varying by a factor of three. The effect of this difference on

the total tow resistance can be seen by comparing the total resistance

8-1
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values for a zero Beaufort number since the valuesfor propeller resistance

are within eleven per cent of each other. The differences in hull

resistance result from a small data base used in the U.S. Navy towing

manual. Only five resistance curves exist to apply to all ship classes

whereas the MR&S method has 39 resistance curves. The biggest differences

occur with ships like the ATF-148 or the AOE-1 which do not seem to fit

any of the five ship classifications used in the towing manual.

The MR&S calculation for propeller resistance always yields value

eleven per cent higher than the method from the towing manual since the

equation for propeller resistance is the same but the MR&S coefficient

is eleven per cent greater than that from the towing manual. One difference

between the two methods which is not evident in the correlation study is that

in the MR&S method, propeller resistance is separate from hull resistance

so it is not a function of ship displacement. Thus the total propeller

projected area, which can vary greatly even among similar ships, is

accurately accounted for.

There is very poor correlation between the two methods of calculation

for sea state resistance. The reason for the discrepancy is that in the

Navy method the sea state factor K1 is a percentage of the calm water

resistance which is not correct as demonstrated by Marou's work (Ref.27).

The K1 factor is also multiplied by the propeller resistance which should

not be involved in the correction for sea state. The MR&S method presents

nine curves for the added resistance in waves which is added to the calm

water resistance. Only one ship speed was used for each curve but this

-'.. is considered a reasonable simplification since added resistance ;n waves

8-5
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(o does not vary greatly over the speed range considered. Note that the

added resistance in waves decreased greatly as the Beaufort number increased

from 4 to 6 In the Navy calculation. This is a result of the reduction

in speed which causes a significant change in calm water resistance. If

the Beaufort remained the same, as ship speed decreased the actual added

resistance would probably increase for low significant wave heights but . -

the method in the towing manual would indicate a substantial decrease

in added resistance. The MR&S calculation for added resistance in waves

appears to yield more consistent results.

The results of the MR&S calculation for wind resistance are always

greater than those of the towing manual, in some cases by a factor of

. three. Since documentation for the development of the calculation procedure

in the towing manual was not available, it is not possible to fully ex-

plain this discrepancy. Use of the K factor in the HR&S method produces

a longitudinal force with a beam wind while the method in the towing manual

always produces a force of zero for a beam wind. The difference in wind

resistance generally amounts to less than eight per cent of the total

resistance. When more wind tunnel data becomes available it may be

possible to reduce the factors of safety used in the present calculation.

All of the differences of the individual resistance components above

8-6
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combine together to produce the differences in total tow resistance.

The per cent difference ranges from 2% to 77%.

8.2.2 Part 11-Comparison of Calculation Procedures with

Full Scale Tests

Results were obtained from full scale towing tests

of the LST 1179 class for several tow conditions (Ref. 28). Two straight

line towing tests were used since direct correlation could be made between

these tests and the results of the calculation procedures. The shaft

was not locked during-the test runs but observers on board the tow noted

the shafts never rotated due to the friction of the shafting and gears.

Thus the calculations for locked propeller drag are valid. Figures 8-1

-.and 8-2 provide the data obtained during tests number 1 and 2 respectively.

Table 8-2 summarizes the results.

Table 8-2. Summary of Results for Tests #1 & #2 of LST 1179 Class

Measured
Tow Resis.Lb. M1R&S Calc. U.S.N. Calc.

Test Tow Speed Rel. Wind Rel. Wind LST 1187 Test Tow Resis. Tow Resis.
No. KT. Speed KT. Dir. Deg. (Average) LB. %; Diff LB. %D iff

1 9.5 21.48 3 51,000 74234 45 108946 114

2 9 1.44 175 48,000 60990 27 92263 92.2

8-7
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( 9. Conclusions

This study has examined the four basic components of tow resistance,

hull, propeller, wind and sea state and has combined these components into

a calculation procedure for tow resistance. As described in section 2, other

factors such as yaw and surge may exist which are not considered in the

proposed calculation procedure. These additional factors could significantly

increase the tow resistance and should be considered in future studies., No

factor of safety has been applied to the final tow resistance since the

individual resistance components all have a conservative margin built into

them.

The calculation procedure for tow resistance developed in this study is

somewhat more complex than the procedure in the present towing manual (Ref. 8)

but has the advantages of being more rigorous and fully documented. The

biggest difference between the two methods is that calm water hull resistance

is considered separately from the propeller resistance unlike the present

towing manual which presents the two resistance components together as one

curve. The disadvantage of combining hull and propeller resistance on one

plot of resistance divided by ship displacement versus speed is that propeller

resistance appears to vary with displacement which is not true. With the

components combined, it is not possible to disregard the propeller resistance if a

ship is towed without propellers. The calculation for propeller resistance

derived In this study is quite similar to that used in the Navy towing

manual except that the propeller coefficient was increased slightly on the

basis of available model tests. The calculation for wind resistance developed

in this study is based on the procedure used in powering prediction of

" U.S. Naval ships (Reference 14) with a few modifications. The advantage

9-1
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of this method over that used in the current towing manual is that it more

-~ rigorously accounts for the effect of heading angle relative to the wind.

The sea state factor K, as used in the towing manual was eliminated and

was replaced by a set of curves of added resistance in waves versus

Beaufort number and significant wave height. These curves of added

resistance are independent of the propeller resistance and of the calm

water resistance. This change should result in more realistic results than

were obtained from the calculation procedure currently in use.

The correlation study indicates that significant differences exist

between the results obtained from the calculation procedure developed in

this report and the U.S. Navy Towing Manual currently in use. The

available full scale tow resistance data is too limited to draw final

conclusions, but the data obtained thus far indicates that the MR&S

y calculation procedure yields conservative but more accurate results

than the method used In the current U.S. Navy Towing Manual. As additional

full scale results become available, it should be possible to make the

present calculation procedure less conservative.
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10. Recommendations

The calculation procedure for the determination of tow resistance shown

in section 7 was developed within the limited scope of the subject task.

Further research and development can be undertaken to improve the accuracy

of this calculation and extend its applicability. The following recommendations .'.

will vary in feasibility and cost.

10.1 Full Scale Tow Resistance Tests

Full scale tow resistance tests are the most effective means of checking

the accuracy of the proposed calculation procedure. Full scale tests in

calm water would yield valuable information on the magnitude of locked

propeller drag since small scale tank tests lose some accuracy due to scaling

effects. Tests should be conducted in a range of weather conditions and

relative wind headings to determine the accuracy of assumptions made in the

calculations for wind resistance and added resistance in waves.

10.2 Inclusion of Additional Parameters

Additional parameters as discussed in section 2 could be included in an

extended study. The problem of calculating tow resistance should be considered

as a three dimensional rather than two dimensional problem so all six degrees

of motion are considered. The increase of resistance while turning is another

significant parameter to consider.

10.3 Work on Existing Parameters

Additional research could be conducted on the parameters examined in

this study. More hull resistance curves could be added to more accurately

define the hull resistance of the naval fleet. In particular, curves for

10-1



-;'-

barges and submarines could be included. The problem of submarine resistance

is particularly difficult since submarines are directionally unstable and

show a great tendency to yaw while being towed.

The method for determining added resistance in waves used in this

study is approximate and can be improved by calculating curves for more

ship classes for a range of tow speeds. Instead of assuming a series 60

hull form, computer programs can be used to calculate added resistance for

the specific hull shapes considered and in particular would consider

transome stern ships. More accurate results would be possible if a two

parameter study including wave period as well as significant wave height

were used.

0The wind resistance is a small component of the total resistance,

- generally less than 12 percent. However, additional work could be performed

to increase the accuracy of this calculation. The most important improvement

would be to calculate for a number of ships the additional drag due to yaw

which is a function of the relative wind wind angle and immersed lateral

area. Presently this additional drag is assumed to be fifty percent of

the wind resistance for all relative wind angles and is based on very

limited data.

10.4 Digital Simulations

The most elegant solution to the tow resistance problem would utilize

simulation studies based on data from captive model tests. Work has already

been done in this area as described in reference 29 where a Continuous . -

System Modeling Program (CSMP) was used to study a tow trajectory versus time.

10-2
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Using this approach towline forces could be determined for the actual

motion of the tow (including yaw and sway motions) which is not considered

in the simplified model used in this study. To be effective this would

have to be performed for a large number of ships in varying 
sea conditions

which would be quite costly.
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Appendix A

A.1 Introduction

Appendix A contains the calculations performed for the calm water

hull resistance of 39 Naval ship classes. Figures 6-13 show the results

of these calculations as they appear in section 7. The list of ship classes

below relates the ship classes to the hull resistance curve numbers and gives

the sheet number on which the detailed calculations are given in the unabridged

report. The unabridged report also provides resistance data for barges. The

abridged report presents only a sample calculation for one ship.

A description of the calculation procedure along with a list of symbols

used is presented below. Note the change in nomenclature from that used

in section 7.

A.2 List of Ships Corresponding to the Hull Resistance Curves

Hull Resistance Sheet number for
Curve Numbers Detailed Calculations
(See Fig. 6-13) Naval Ship Class in Unabridged Report

1 FF-1037 1

2 FF-1040 4

3 DD-931 7

4 CG-16 11

5 CGN-25 14

6 CGN-9 17

7 CA-139 20

8 mSo-422 23

9 ATF-148 26

10 AGFF-1 29

11 T-AGS-29 32

12 AF-58 35

13 AE21 &23 38

14 AD-14 41

-I.V



A.2 List of Ships Corresponding to the Hull Resistance Curves (Continued)

Hull Resistance Sheet number for
Curve Numbers Detailed Calculations
(See Fig. 6-13) Naval Ship Class in Unabridged Report

15 AE-26 44

16 LPD-4 47

17 AFS-1 50

18 LST-1179 53
19 LSD-36 56

20 AOR-1 59
21 AD-37 62

22 AOE-l 65

23 AS-34 68

24 AKA-113 71

25 LHA 74

26 AO-93 77
27 CVA(N)-65 8o

28 CVA-59 83

29 LCU-FY 86

30 FF-1052 89

31 DDG-2 93 F.-

32 DD-963 96

33 T-AGOR 99
34 CG-26 102

35 DD-710 106

36 D2-1 110

37 LST-1171 113

38 LCC-19 116

39 LPH-3 118-A
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A.3 Description of Steps in Calculation of Hull Resistance

Symbols Used Units

LWL load waterline length Ft.

B beam Ft.

T draft Ft.

a displacement Long Tons

WS wetted surface Ft. 2

C prismatic coefficient

ACF - ship-model correlation allowance --

R - calm water hull resistance LB.
T

Note: RT is equivalent to RH in section 7.

VK = ship speed knots

Vs  - ship speed Ft./sec.

R - Reynolds number
n

C - frictional resistance coefficient --

CR = residuary resistance --

CTS = total coefficient resistance coefficient --

R frictional resistance LB.

RR = Residuary resistance LB.

A- 3
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Steps in Calculation Procedure

1. Record data for EHP.

- 2. Calculate speed from VK 0•55'L'WL and check to see that data

exists for this speed or lower. If not then use reference 2 to

be sure that C is constant at the speed for the lowest EHP available.
R

3. Calculate the total resistance for the lowest EHP available.

4. Calculate Rn for speed corresponding to this lowest EHP.

5. If the wetted surface is not provided then it may be approximated

with the equation

S - C 5V " LWL

where C is obtained from the contours of the non-dimensional
,

wetted surface coefficient (see p. A-4)

7 - volumetric displacement in cubic feet.

6. Calculate the frictional coefficient using Schoenherr coefficients

7. Calculate frictional resistance.

8. Subtract frictional resistance from total resistance to obtain

residuary resistance.

9. Calculate the residuary coefficient which is assumed constant for

lower speeds.

10. Calculate Reynold's numbers for speeds from 0-12 knots or from 0-

speed corresponding to lowest EHP.

11. For Reynold's numbers in 9 find CF using Schoenherr data.

12. Add AC and CR to CF to obtain CTS.

13. Calculate total hull resistance RH for all towing speeds.

14. Divide RH by a and plot on curves of RH/A versus ship speed VK.

For more information regarding the above calculation or for the use

*b**. . . . . .. -..*-.,.-..- . C.-. . .*- -o* o4 • 4
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of the barge resistance data, consult reference 6 or any standard text
on naval architecture.

A- 5



1040I ___ __ ___

0 0

1~ ~ ~ 1 07 .9.I5 .

00 . 0 23 2 5 ' 5 5 5~
Beom-~oftRota ~/M

09 .9

CONTURSOF NN-DMENSONA WETED URFAE CEFFIIEN
EFRECE SAUDER, 157

.- .- %



DESIGN CALCULATION SHEET Sheetal f g

* Subject VILL. 1?'' DrflPI DA. P-*.o;4. L -r_ _ _ _ __ _ _ _ _ _

* ship or Project I~/i~ -7.x,,e /W__________________________

Section /) Prepared by Date Checked Reviewed

'9-

A ~ '~ &P. A./t24.z

/7~ '9'/'2 YA'E A. 't 0

VSO' E 0 V,qp E14P T d .ce

rM_ _ - ..-

7 "r0

// ____________ _________ i,..- ~ ________7

~j7



sho o I

DESIGN CALCULATION SHEET -a 
ii

Sul, Y'7envvocz (c r~n A( vn7
Ship *fProjeLc me,gl- Ma te,-p/ f~ A t a TEe

Section I9&DL Prepared by CSDole / 02 917 Chocked Review"d

~~-.1 pIh'S. -/99 oe FF1,037
s,4L~~,vA Pee. fw/D f C,C Is c6/s r*~tlo

C; V 41~7 y, =o, r

9- yf( /0/

. 5t7 7 /Ei~Z

~ 4r Mis' 17,- Y

L.ES S 7Y4 Al /0 dt



• . _ . . ,- . "- .- -. " " , " -. :" --- -. ' -. -: .' -, -:' -2 -2' - - " -2 - "

DESIGN CALCULATION SHEET She., 3 ./ i

; wi~ s,,,l, /",,-e~ 'AP4C CXA rf.,4"r ,,I .-. '. -/,?2 L_/r /02 7)

- ShiP OfPrc* F,,, . V To !, , , _lR C-.Rr. JA-

Sectien 8! D Prepaced by i .cs Dal /Y' 2 1/ " Checked Reviewed

" '?--

S:"'.Y I. z7? 1I9& s ."'_._-

- ~~ )

K Ts

a rC.,,E. A L,4.UoL,;.// / l0I ZT-

I... ". ACF VS~ RT/ 4
V:- , (8-L.L 1  /LIr
'1.: v to 0e/ x/- /LT.

- 1.487 21. ?--.LLs 0.9 2 3T-1 .,,3, 2Z7 0.077

_2 -3.37, ?2, L ,.ozi. " _.__ t 1aii.' .. 7-8.
-7 1,347 /990 " 5. 31 ,

'2. W Y7 ___6_FA 8"/_ 2.34--.

Id. 5 ._;q 2.773 1. 803 "e Z. _oG•.

i:.:-. 7 JL/.W 3 . Z3S /, 74(, If!. 0/ 7 12172- . YA 7' . . .734 64 787 I '82L_ _. "

' " I .0/ z..,0 /. 7/0 " . 9 / Z!g77 7_302

• ,,. 7I iI.R3 _27_3 16 A7. 76

•*. - -LI? OJ.L

°;. "' • , .. ',

1'- 12. .. w o 2



DESIGN CALCULATION SHIET sM ie /S--

Subled PJULL AlE'cSr0AlrhIff DA nooS4L D07

*Ship or Pveoct ' ;A'e/(i : '1 JIAle, w~ Co? e
Sefion AS1 ) Prepared by Date chocked Reviewed

71'-F. 5HIP CLS-S: F06 0 ~ e

ilSNIP a.4gizcresricS )D2oPF-eL)LT A: ,ec7,5/vS71C.S

LWL ....3f'1  t-4._____

r ___________ . 9LADES _ _ _ _ _ _

SPeopgLLERS

yShip FAE(P ~

* &NOIS _________ _______ p 0A W S_______

____ _ ZTOo _____

8 __ ____ _ __ __%



D)ESIGN CALCULATION4 SHEET sheet 'T of fig

S Project'/Tui~(~~r PE~/

Secton 13. S' D pveeared by _2_Cs Del* / 1_1,7 Chescked Reviewed-

____ __ - ?31q

o~~ 3 3Y

1.7f3J~ 2- CorsJFir

Coh/STPNT~~ Cs -2'" h/P~EEb

CESS 2.'4A 3/



-. I °" -

DESIGN CALCULATION SHEET She e *i II .

subect I RFSl.7AP QcE C OLCL .4r,1,/ 12 i d ( C /JIY0)
Ship of Project Em r ,'l Tot~v,1v. r/JR C-.I IT'JA

Section D t Prepaed by Date Checked Reviewed

9 ~~1. 2 71jl

~C r

VK VS R' C I c
, 2 - . -i -J 7 7

i .... i" /.c.7 jj0 " t j /0 1/O Xe~ /03A .,L o.-/L..

-4 7 I 1 60Y 057(a
9 47-. 2. 0/L 0 1. R7 -977 .1 q

9 .'9S' 2 Z5. 1.82) ___._ Y___ 29 '915
. .. 09 C. _ 3. _ , , 2.24

,-.2. . 1.73 ./. 7 __._7_ 31/. . q'

-:-.3. ., *1. 2 1,1,Al. s
" ?/5. 20J /gY q~;

12 2o.2 8 __ /750 13*O,

*2 " ?5*7



DESIGN CALCULATION SHEET Shoot Z fi/

Smabbot NO'LL PR 1-9 4. L tr4/Z D~qroe S/~

Imp or Proiect Emege -F Lg, Ata 4, 0ta" /w

5,41P C L,9 S S ~ )T

1),4T jr o. !;OLI

5/I/P chVecT,6e)5rTcs_ PVOPVL / C4~ckVV S7'C3

* - LL 9c07 D~A ___

________ _____ tf)(. A /D.A4 S

Ws4~ EX"o AWD_______

_________________Pevecop Pro oefA,: __ _ _ __ _ _

___0_____________ Ir 1.3O 7

* 4 C~ OJL~I. OPECr~ _ 22

5 ,( S#. P.. ' ZAr#$X

-3i0

*310



DESIGN CALCULATION SHEET She@l of9 '/

* 5~~het IkLL .5/~~k (AC...4rO -C 4)'

Sh; w pilct ir p 4 ala v 7.te,,i/4 6(,rzoe, (r.RPTO - 1A
sectio -3 B-' I ~ a J) 12"&b LS oat.sg,~ z Chck-d Rviewed

JqL 0 -,o i A rOak t~v1,qw S Per- &aie'c Cce isCqsv-

-x r~ VZLA4 LAR4tMED~

~ /'~87 L/~A /If57

cp,. ~2.77( /

I. lw o o

0. 7d' A Covr.O'ST r =,ok2. sylP 3PE&O$



70 -7

t T'
Ir: '#L. L.!.i: 4 t1

A" P-o a 4t',, 
rt.~~ *

oo rz 4 .: ..

4,40 ~ - .'. t4~~#1 -- If~~&-~~L

.4
.4 t.4

14.*."a 14,

IT IT It

.44;

14 451* - T



DESIGN CALCULATION SHEET Shoe t6 of //

.ubj., /-!)LL RS/'rAICcf C ,e..A ,,/ - h-V 9e) •
Shiv ,PrIecj Emc'.Eq,,' To w., C2,c/j g r I =P,) A
- ..a 8' D Pp,.red by 2(-. S... //cs /7. . Reviewed

i::.s "f 7s= )

"'. 2 7 1 I'i, "

-- Yz (Cr ,gi

&hFL~ F- / CL4LATIOAl 04

V,( V, C? C- ~ T" . ' -3.. x 8 / "  -t0- / J "S_ .. K. X /0 X, /LBa

k:. e //- 0 . 0

. 1.487 9. 532'.q 2- ,5 4I.Lq l. .A aZ-A / .2 .. ". .Al- 0

". 7A I-_67r pill. dQ. 2i9
3 < 04 7 1.91 2. 1 .91 ;2 2q3, 0.!r2 3

L 4.7-7 2. /70 1.jg 7__ qEZL 4 ..
. .R.'YS5 2.97 19/0 " .3 5" 'f1 I .

.::::,.. ,, l . 3. 2 ZZq /. 768 A T ?? 777,1, I. 99C-.)-.:-, 11 . 2 Z .T 1.a..I " __ __ .. 2 I.l g2.2.L...

8 3.712 51.Z 1.7 $'", /__7031 2.q2l
[ '..zoi9 I ... i . )J.f77 4.0,oZ 170 9 4-. .7

/0 ~~~ ~ ~ 2 73,q 3.JLI __ S8 ;L ~

12 2o.26 3__' 17 9.079

*o.7.°



DESIGN CALCULATION SHEET h./.fl

Subject )JLJLL 9Sf)A,( ro Sqi~e orA 7

ship of Pijgt 2Fmec / 7e~jl~l( 4rog-e C,#,e t nee

Suatiom St)t Prepared by £ SDate /& ,,7 c*k Reviewed

5/lP c/M4ic meejs Tc s PR70PE 4 L 6e 4ecev S 7/CS3

/A ~ ~ ~ 3LAOES~

goo____ EXP. A./DA.0 9
ws 30 . 9jr4 _ _ __ _ _

* C.,,~~~ - f. P~~ op PEE) A C . .9

A. C.-N,£ _ _ __ _ _ _ _ _ ~ rS _ _ _ _ _ _

4 -o. ooo~~ T~o5Pc0rEo LEF'P ______

# F~ee.~~Es ,#

V ~EnIP
j~ 2-. __ _ _ __ _ _ _ _ _ _ du O _ _ _

__ __ __ _ 40 _ __ __ __ _

-20-a-



DESIGN CALCULATION SHEET -Sot f
Subj.. )qV~LL pE,/17W//CZ-A~JAYeA

Ski* orProject ~ ~~rr / a ~ 75/

sectieff 13.& PI) Prnwm~d by oC$ at* Chocked Revieuvd

SHlIP- t)L6 16

i~~~O*.2 z~q.S'~Gdf~C ' ~r.*~'

VK- z~-sZ 7 ~,2q ior

Vs u7) - -

/0-3

vz'A C1,710.s) Ci 3 o98c

* '4fC~3d160 )'~s,'

*-Y Fo/SMT ~ pZ S#/P .5pEgb~s

Les S 79.M Al/ e-



DESIGN CALCULATION SHEETpot f

Shipe'pteject F)t-,L gE.'I To tv r, r/A C..It~e)4
Se04,140 B D T)Piepared by P(L s ole /e~/ h 7S Checked Reioiwed

Tarq E.~ i cc.qvo40 oc e

VK VS Ci CF Idy CF C-AT
-r - - II

J. 0 8 0A -- - - .

~~A5~~~~Y3 0.~ Lz/1. aL ~-9

Z Z' ZCO, -Y

8 -197 17 52 2//1L1 ___

9 z '06 J.~3 3725 9

12 2o.248 - ________________. ~.i..____

p



Mv. awsenoiaff at zon, inc. me. I4/
DESIGN CALCULATION SHEET Sheet, e /

Ship at Prolect E gesarmr 1 jP rAe re 1.4

section 3~)C Preparedhby Date Chocked Reviewed

1)147TA ;ofjc. : -.

5/lip c/Me'wreeil r~cs PL70P64LL-A C.IIqA4C, S7/C5S

1-LL _ _ _ _ _ L D. - ;7

-F - ____________ PlrvS_______

Xr Po , ,zs .19

*~, p 'ra Fp~,

IS~~~~~~~~V a________...Ql.____

~ - __________ ________too___



DEIGN CALCULATION SHEET 
'.) 11/

Subjeet #Va. 1 /CC(L/..7/L 'LL -s(Cf ~

Section 13 Propared by £CSDate 1QY/w/7- Chock*d Reviewedla SH5I0P- J)L6A/-ZS C~/L~

AP

5-7 4 x /0 C0 fir

C'.;)(~ ). 872. -3

I-M

- ~ ~ ~ ~ 5 cz. .7 /O i. V'N1,

S28?7.,

3113 3S7 )Qs7

JfJ



- Ship ofPrject Ei Log E 4,A T)if 10/ 3 ey R C./ R P0 LL

0. , , --.,._ _ _ _ Al_-- )..

So 2 T A '/)? .L F-Ir 2L. " _, __'. L, - 1 .L. .. .. _'

3r. L B.___

i.8 0.7/3j 2 )7J1L ____?I Y5

" P..:. 7 SX5- $ _ _ --951L . Z

Id IN 2 . 2 701 Y _ 175 1337 "- 7Y8

IS 2 - -J 7 J

..

•.~ ~~lo 2 6;oL L /..

92 2 
_-

0 ,::.



ivi. imosenoiarr at zon, inc. Me. - /
DESIGN CALCULATION SHEET Sheet/ /7 of

* Subject 4 .L.L Of<I 'rW/ree' P9 e~ ILeZ P o S

Ship of Proect 1dk'uemZf I~4,I naA~ -e ~

Section A Prepared by 2 I.S Dale Check"d Reviewed

$'rnPCLIS.S

SP C/(,4R/ C reeJS/C s ~ PeOPe-,Lc? C#.4,eC7-e5,Z/4-7CS

71.6 Pirem Y -23 5-

L ~~Z/, 5,_____

ws ~ ~ ~ ~~~tP A. _________ 0yqo~ te'4 I___

4 rzJ W-OaZ9 PacRI ' ~ -#___

t1#07S __ _ _ _ _ -

IA



*4!.

-*qo-v%.LAtIQN SHEET Shoot J 9/

Subjed r//L&/LL. 77s4C 0 M rU~ -9
Ship of-Projet P.:/~ ~Ae (~rQ

Section13Z ~ Prepard by ~C,3Dole 16128171 Checked tve

-glN

F~~~ vs /I8 1

~ 1.278?

r. -

=;. 2. 2 4

014O CO/SMZ

9.S 290 2511 3E~~

Cg4 ,~

* Q3.



DESIGN CALCULATION SHEET she#' of//

shippei.c Etec, i. TO t/ I/ 2ECR C.RT rlA
Seclie B!; D Preared by ateS Oat. #o/zn/7. Checked Reviewed

* . p :( /s

1. 2 71

VJ( VS R vs cr T3 )-- 1
e /0 a0 LB. L'/BLT.

0 D _ __-0

1 /.487 . 3ol 2 .L . , 0.90, .A . -!5.4

S Le- Z .. ..?ZL !&..'O, " " 3.IZ- J/2-/7 n. .,
l 2 s04 7I 2.7611 /.po6 b .fq 03' ::
, 4.7.-4: 3. ' CS 73? 1 "Z 8. 7 6/69O , :;.

5Ply q ,9AW3.3 77 /ol 0;' .A fs -

d. 16.34 T. V. 1.6 1 "" .3 177- . /..Z5
S 7 it!.,23 4.39-5€  1.618 "z f 1.O ,/ 7 .7/9

8 1.1- 7. J. . 2 " 3.3a? 9- _ 2. ._
17 /s.Z z o . T4 _____2.71

I0 16-R .B ./-?S S.2-34 "Y -f .2 ,2 _ 7 .31 JI y 5,/ ". 3./ 7-16.

12 2o.248 j. 2 5 _-/ _ 2 " "1 .?/
iS vf-7 // B7{ )'1?" " .17 . , 3

.. .. . . . . . . * : .i ***** *.. ~ *.*



DESIGN CALCULATION SHEET Shet 2p .91,8

Subject POL~LL PR?7195rnL.!ce DA nd Sqf

Sh p or Project ,et _-,A/c V J4 , m ,,' .. r'e I/

Section. 33 0 Prepared by R&c S Daft/ 5/- Checked Reviewed

IN 7. us -

• )-ITAm Coc.ss : .JA4 7.sr-5-:

-S/i- a.e4cree'-1CS P2rOP6Lf2 Ac=/ !S-71C

,~L _ _ _ _ _ _ . -. '"_13 Pifc

. -. A./ IO..

4s 44-Rosa nou, A _. Z_

tNo7 _____... o__ . _EL~'
/'I yp lT Ol P

/0 1__30.-

La ____ Old



M. Kosenblatt & on, Inc. -2
DESIGN CALCULATION SHEET She.. /I of //j

Subieat #VL L . S/-1 oydc. 1A~~AYN ~37

- .Secion 3.D Prepated b~ ae/./ 9/TCM~hdRvee

*~5J x. ,3.. Z ,z 1306,e 32 fZS

Vs: 11AC t-'

Vi L- Ce 9~~~/e

0/0

Cffrc

71zrSxV/a CF~,.N CO 2#P3Pr
-LE SA 79425)



DESIGN CALCULATION SHEET sb.,. zZ of1(

Suhied 901-LL RFSl.7 ApICl~ CALLUj4ArI4'/ -

pmorpioigct 7o u/e. Y Tprl)t e~A CR ir~g

sutiem 85 D h- P,.pamd by Del-. 0,1/O2 !/,f7 S~he.d ERewd

SII/C

Kr. &L~e P- IcAE Cq .~ /01 0-4~/~

9 2 6.a.-T-Z3 6* 8 j.. 0.027

*3 -,7097 2.773 1-il 0.,z
* Y477 9L 7 ... 1- 73 2.9~78 A a .5* 0.38(o

7 11823 A~Z... I. 2.75 212 3

/0 /49 Z/__ p___ __ _ __ _ _ _ _ _ 9 3g 2,o7-3

12 20.268 1____ 47917__ 12___ _____ Z____ Z1.Z..
13 21. t 7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



,aid.

.. . .. .. . . .. . . . . . . . .. .. . . " ° . " .l-

DESIGN CALCULATION SHEET Sho. 23 ' // o
Subject J4CLLL~4 Po~eI 2,A .~e7

* Ship or Project Cop c/~ / ~ 4,~~ (A ~1

section -1 t) F) Prepard by Date Checked Reviewed

DI, TA ;0 R A*' -0~ -CL l'.YzJ~ FS

5/p C.Au,,ecree.sr'cS- C~~,~L~' 7AA -t~,=-/ 7/CS

1..

- L,.._ _ _ _ _ _ _ .h .

...-.

-EXP A I___

C62- -_2

~ P~o~fI.icicle..

____. , .. . I___ ___ 2_ __ /.)L.. .. _"_.___.____

" * "__ __ *~r0n____-,.0

__Izts

4 - _o __.J.D,. .

_•..-26

...................s/' , P rE'-........

.. ." //2?7. . .



its. %'uQ~' Aa Jwl AM"~I, ie

DESIGN CALCULATION SHEET Sec e

Subject Y2LL kog112W/CC Aed.Z7eA M-';Q 922Z
SMPr Projct Maird~.' T ae r, r &A rCR rrgag A
Section 1 A1 Prepared by PCDate le/z 17schcke Reviwe*d

s /.~7 1

fr 2.oZ12.x /4 3  (sL OR. Coevirly'.)

t.~~2 ZC /Z ' '

= (4 0 y3 )

LES.S 7



mv.rubwloidr at 30f, inlc.
DESIGN CALCULATION SHEET Shet f J
Seabiee 14i;LL RES15-7-AHCE ffCLLAT1QV -MO z
Smoorprowt EMRm~gLY1 ou/de, C(,ji CR 1=,e)A

seehea BS D Pi~ed by ICSDo#* 102lsemwiwelved

1.2 71 io

* Yz.Ci.~~o~) s t<, CT73 , 7 )

VK Vs IC C-s -
Kr. to~c ;eO /00 1e/ LB

1 /. 4 7 11.2-181 2.-1s0.0 032- -i#.o27 7/2 0, 1
2 ;j7A 34 1- 3-IA 2 5' 1__ _?.7A7 LZ Z 49. -- o32
3 <:047 6. ~ ______Y 2 Zo --? 933 *3 . 0.657

9. 67AT 0,7- 2./I _______1 6.Z3 loz5.3

- A - 77- L _ _d A6

's -,zL 17.6631

B J3 ~ ~ ~ ~ . .. - . . . . . . .2L...4.



M. Rosenblatt & bon, Inc. .3'/

DESIGN CALCULATION SHEET sheet 26 of LAs

Ship or PfiIct gA'if T)I 4 'b CAL" 7r't' 1.
setieeo n T Prepafed by EcSDate IZ 17 -Ch.cked Revied

* 5j)P CL,9S.: ___ ___ __ ___ ___ __

P;ip a,.4c re,.r/cS PeOPVeLTLA C14AA? Ce77,55/ 7/C S

A ~~ ____________flyP. A./D~-_ _ _ _ _ _

Ws Al0 ~ EYPq#V>e AC4A _______

PC;F -A #_?FW

~,, A~r l2V&O~O eF4 __________P

eq On~

* r~o 4A:~FJ9 __ _____

L=



p. *,.. . . & .- . -.-- --..- ,i "; "~ . et';:;'--' -- , -"" .. -:- ' : ,,'-"" - -"-' : -... _O °- ,- .

DESIGN CALCULATION SHEET shee Z7 of //R
S bjet I//c IES JC CAL- 770A - ATP 148

o peePoeect Emps/4-, MoiA e/4 d cgP!A oe 1EQA
s.c.tio Prepared by /7Z 0. /0/2 V /rc .ked Reviewed

. . g-A lq8

• 1 .. . d...:

12 - C/0./9)(22o " ./750

. ',: V (= /.d7 -e = /C./vs .,)
4CX 2-3.

,.'LfA3 S.v.. C:1.
-s 448/ST7N 1/1< 13~/ SE

C/0-~° 13-22_

-z C Io. ?- Z 5.

"" .ESS 7rq# At kr



DESIGN CALCULATION SHEET 2-.tZ e'f

s... ALPLRE-Sl:-AAIlE- lfrUI'47't/ A - A7% /Y-64
sjulof Project FjjLy r. '/ Tou/,/6t r.2rwR C..R ITA-reiA

~ .~e ~~Prepand by lzC. -be#* //2 Y/Y Cheed Reviwe

R7 S 1/(,CTS .s7

-r &LO~o~ F- ;/K? Cqe...4r1A 04 )Z

"/K VS 4cp CACF sj .

k-. r/Ec I leo /0 L83 X__1

0 .8 .2 o5 q75-_ -.6 ),189 -9--Q. 071

5'04 a. 067 0 .61 7

'.7 1A~i 3 49L zZ2~ W.Q

7 H.2231 LUZI

*~ ~ ~ l 2o2.262 _ _ _ _ _ _ _ _ _

*I3 zi?r7 __ _ __ _ __ _ _ _ _ _ _ __ _ __ _ _



DESIGN CALCULATION SHEET sh...4q *' ZZ

Ship or pioje 7Af 7 ,)A/ 4,A, C "re L.4

... :f. S keae 3 S D 1 Pepare d by Date Checked Reviewd

* up ~PROPF-LL LA? CA'A',4 C 5e c 7/C S

"Y.3.7. Prrc 1 '

- /71 #L*OAS

.. 00 A 4./A.
W,5 7021o Fr Y'e ______

• - .. /.. -- .T 4RE / - ._ ____._ _"

e#P 7P.ir

.. F -_o.000 / 9o00c.o

- -

--. J' __ O _ _ _ _ __ __

'"!I /_________________

- , z -

. - I q ,________o



M. Kosenblatt & ban, Inc. R
DESIGN CALCULATION SHEET shoot I of'
Subjed YULL eE,-1,A/~cZ Ae,4x~ A(~,Dg-i A6~FF-1
Shig or PMo~ec MeAZ~p~fd/r.'/ Tt fdf'.ld er,. eC oRe~ 1A

I Sedin 13S AD Prepared by Rc s Dae. 1 6/2u /)-ak'd Reviewed

591iP -A60E-1 4,c-/
CMt- FAo r /A/?/k 14X. SiE~ P Cr4 moors ed'sri*v

~~A/PZ-77

(Ir-21 ( 39

2 '. 2- 7/o)( oz

I-- (3S'

A C o.or Z0 z

*LEfS S 77MM4, q le



A. Rosenblatt & Son, Inc.
)EW"t CALCULATION SHEET ee3 .1/V

Iuhv...jec PEWPL ,QSS7AL CrEm4A -I A~b-

socaffi, D D) Prepred by p~ .5 Date ,'O1/~7 heske Reviewed

1.2. 7' lhio-5

TA~3~ _&L, C '..A7/0il~o oic

- - 3 - 3 .& . 2 - 22 _ _,

.L50 . 57f5 .3.L " __ .UZL1 JL.Z 1d33L2

&4 t 1 .014 .1 /.779 ____ 7.206 g Z13

7JL .91 4L&5 1.&. L.. ___ Y2__ ?. 170 8717 .. 2~

I1 20.268 -3 io._ A__ 67_ __ _~ 3 ~~~
13 v43is7 __ _ _ _ _ ___ _ _ __ _ _ _ _ -53 2897



DESIGN CALCULATION SHEET Shet 32 .5 //8

* Sub~ed VLL L tr/ 1).#~I L)ro S 9 7
sip at Pteject 7e)/r/ U4'w~g C.44--e 1-4

se"tin s ) n Prefed by Date Checked Reviewed

SO g7.[:64-7EA C]' c7.
-1/3A oo - : S _f__P__ A__ 5_570

13~~ r___ _ _#_ P~c. C_

8/ = __-__ __ ___lEP4 "-~f ,/ ._ i

• - = T ~s" /

•- ,_t~~ q.CF' ~ ~ __ __ _ _ _

D.A.~4CZ - _ _ _ _ _ _ -:.:

I

I - - .... _R2 1,7 I

EE. **i-

.. . . . . . . . . . . . . .... . ... %

* * . _ _ __ _ __ _ __ _ __ _ __ _'__ __ _ __ _ __ _ __ _ __ _



V -

* Subieci ~l L/1ACt ( L 47e /- 1 -6,S Q
Ship.or Project / /4 1-7 1
Section 132DD Prepared by . C, Date Checked Reviewed

5iP- 7 -46s - 2 q
*~r ow 1=09. m . S PEE'~~-~Jfz D~ 's C-sr

-V " 7777

, -3) f7)

-7 /.7Z CO,5 C ogurzs

%

.?..

--.

iii /; ,= = ' "v .. ,z.

a. 7 / SruN 7- C oZZ 5P 3P.66,03

LESS 7Mw4M 7kT

..........................=...................

. .......................... . . .. . . . .

. . . .. . . . . . . . . . . . . .. ... . . . . .... ... .. . . . . . . . . . . . . . . .



* LaI ur.z N tALt.ULAIION SHEET Sheet ?q ol /1

* Subject khfL x~,~/, ( L'.c:~ A t-, TT- 7 65-
Ship ofPoject r . ' T9, ',,r, G CIJ C.R ' = )A

SSection IT rN Prepared by DtC Ot 1/ 12 -- ChGcked Reviewed

14~~L ~~1 2 ~u 7 ly/' *s

VV4 V-5 cF KT/ L

Kr. : 5FTP 10-3- s~5

0 - /40 "- S.

A 7 -j Z30? 0. q z70 139 189 0 ....
2 7A 2. 0 8 ____ . 317***~ /

1. Y)Y -Z -,

.,5 --. 57 8 __. -2) 4 6,41

.9211 2.,7 A ____ .251 W &7a

S- r. W. - - -_. Z.92*i 5.7,8 0_.

M, 9 7szj_ _ _ __ _ _ _4~. i

.... ¢'/'€ 2.3 /.ac " " . .... oa .~ *Y$ .*,



.. 3 4./ f . .
... 5.,, M EET Shoot . "of /9 'i.i

Ship Or Proect Coe '/ , u C , I J-e ' "

-. Section ~ ~I) prepared by 2 ~ Date Chocked Review"

;" ,4P CLs$: .,4F S.

g.P A GD,

W15

1)/IrA =O , 2C2  
P r xe "

• .- _ _•__ _--. '..-i__ _

i- V511P E%,p Eq'p '/ ~"

_ _ _ _ _ _ii__ _ _ _ _ PIr Ii

p. --- 7o~79~.$ J 3

2±Z __ _ _ _

_ . . . . ..

-7 .. .



M. Rosenblatt & Son, Inc. -?//?
DESIGN CALCULATION SHEET Sho . of

Subjeit Y4'LL .SsA/~~(L~V/ AF 5.8
Ship or Project EM,.., p .- T'/ "7,. V 7 d 4 "t 6i R'rE ,1
Sect"i. BL D Prepared by .CS DOte /O/Z27/75 Checked Reviewed

5141P p 4P58
C~M/;roA FO* S~/' SP~etO e.i/4f~CC I~ S Cdols pe7

*: -.

,, "" 2- 0 ?(

V, I.8;87 t /S.57

Soo se-o-dek -OX F. F.- _.-_____L___
0. O•/ 77,y C0

-- . 1. -po1  3 2 3 • ,,.

. . . .. . . .. .. ...-~~~ 5-AA 6(ic,1 C/8. V

F .?3 (0 C OSTMNr7 C70pZ SYIP 3PEE.0S
L.ES S 79'4M Al e7.



a,.. ~..i~eiuaa a ~ JuiI,*I..

DESIGN CALCULATION SHEET shee#,7 of//•
* Suaieet 901-L AAIC C LL' rps - F ,5'

S NsM h, P,.ct EM, ,'r.El4C.Y o u,A/e 63j) R C Ir P,)A

section D r Pepared by C. S ,,. 1/2 7/7 Cecked Riewed

.'ftP - 8F 8
* n... LL..... ..&g....

',,: 'r - ,_. €s L .r C .8)

VK~ VS r' ;" ... "7 E.- oR CM_ 4V.A7/OP/ O= £!

- cr/. c. te x" , " O LB. LB// .

.0 o __ _ _ _ _ _ _ _ 0 :___"..__-

I 1 1. A-38q 2.Zoa 0. 77 o,9?3 i. ?72- YP-5" o. o37
Z & 78 -1. 7-77 z.oo3 q. " " 9' I 4 O.131/
5. 0 7 . 1 I- " 0L / 4. 3-:

',.. q g. '(. 2. S5# . 8Z " " ;.15A-4 5&50 o. 6-2 ' .

.. 5 9 '9T .3./12Z -/770 IM'3 -O~ 0,/ : -3 , 1. 3.J I " .,
7 t1.823 (..?q " "' z.'!.7 /77Z j.57 0 .

" 3.71/ 5.1o 1.7 2 " _ 2 8 70 2.034---

/ o/9 A. 3,-/L 1. L _/ " 3.4A.R2- 3'#"8'l L,. '

11 ,A /o . ____,._,__ _I.__ - -"_"__-. b., J 3. 3772
" ) 2 2o.269 _ _ _ _I__ _/_7__.__, _ _. -

.. . .. .



DESIGN CALCULATION SHEET Shef ? 8

Subject PULL PIZ0FA/ce L P/C DA A SY Shk 7-

Ship or Project 5 / T- 1 ifz(6pg C 'f /

-- Sectien 0 ~C Ptepared by 2(: Date hcedRvwd

* HuP C~s L :9 S-S 21 j 2

147-A SIOWCE : 747'3 =A,1! IX16 ?22?7 - 5

Sitip C/44A'4ic 7e2RisT/cs Pe,7OP 6 - LA6 C4AtA C 7&Z/ S 7f Cs

72' ic /_ _ _

* _____________ f)XP. A I/A4. _ _ _ _ _ _ _

__ _ _ __ _ _ _ -s~~o~~4 _ _ _ _ _ _

* ____ __ loZ
__ _ 1 8 _ _ __ _ __ _ / 9

2A20L______ ~ a
___~~~~ I]W____ ~~



:SIGN CALCULATION SHEET 2he ;9 .4 d/
AOL' I)L S ~rAAcz (L4AYI e. V- 1t- 7/QA

C; -

-~ Y C Sr 4E-

A7ZZ

=N %



DESIGN CALCULATION SHEET ss# oo I

SubI$llwd RF1si.5-rAic.Ec CAfLu4T/av -g A.2 32 ' M

seetlee 83S D p,and by Z C at* /O/ Li /7 or C 1.ck" Ret im

46 .41 Z

7- C73__ _

7, 4s~~ Sl 0, q - .4  )Z

4.7-T 1~T " ry% ;?Z.r-

FrYY 3.92 1.77 2.30 97 6.5

eIO 1.47 d X0 .7 o4 /0f L .- 2.

10 16 S?__ - 2a_

I/ .7 2 .a L .3 07

2o.269 ZL. ~ ' ~ ___ ~ i2....~.~-~-

5 p. i~d~ ~5717S7

- Ll. . ~_ _ _



#6.. 3']/!
.. .. I..j~.AuLA[ION SHEET Sho., of/ .9 /Subec P " , I '2P I/ ;

. sectin,.. Prepar. d by Dat. Chlr.d R .viewed

PRP4 L Fo., C,,A, ,r - /Z1/

-..- 2tir' Coc. : AiD- '

. ,.

1..L.s;j lJ. . .

-~ fx tP. A/4

___4

- __ - ___ . .. -I_..

- __'-__ _. T

/ago

-- ) 251 7

1.qoIS

,same



DESIGN CALCULATION SHEET sb... "f 2 of

ship or Project 7p.-A'ffi' T tu#/4 41 EdA e' I A

section Prepared by WeS DateZ a. dRviw

* C.~'i~eL-, 7- P.~ Mv1q4 S PeEo &-4Ifejr 4 ~/ ~-s~

* - L/Vk1 i: - LC7 u27.se

59/P A'5Zc -~ 3

* ___ - (13.512)(s3

0 4r x_/0_____Fr_

*~~~ ~ -Y rj 7-3~ (9 3)C/.3.s2) T, Z

P '737.

Ce /,05'f w-31 Co//Srq~N7-C~PZSIP3EO

LESS 77M TY_4_At

L!.



-. -. .. -- " - - - -. - ~- . -, .-" " , " " -o , - - " -. -- " - . ".

DESIGN CALCULATION SHEET sheo. 93 of ..

Subject 901-t- RES £ AAILP .CALLU .AT IIV - ,_.

Ship o roject iLg E, c- Toujjhe. gwp- C.IZR =k)A
u "-"- D, !) Prepared 1-Y P- Ls Dal, /2 q 17S Chocked Reviewed

' % 1. 2 71 li)

4/ ?/ C-TSr * 8 )=  5
.ro _F- A6--Lu-wvl 7

s- x to e /oLB
ki 7/V X W g 3  L3. _T__

I 1 .87 .17 0."Q I.O -. 4.;3 -o ' O.6Z8
i 2 .7 4 /77 ""- _./31 1207 0.10

1.. . 5:07 ,7 2.Id .1-71 V 5J qlfA 6. z31

. - 4.75-1 2. , go" 25, -77_/"_ 2 ". --,

5 50r 7 __y A__ .262- 44122- .. ,ZLL
It II /

,. L.,d, s 4'.247, .7 ,a.a.. I1 I. O,.,....... /a,! 4f.2 a7 -.76' -1 " , ,1 sqlo 0. R 7 A

W:- '. .. ,z . _ __ _ _. s // -__.'.

-i/ T., ___ _ LL 4A2/L

21. .17 -____ g z 3.5,7

.. ..... . . .. . . . . . . . . . . . . . . . . . . . . . . .



M. Rosenblatt & Son, Inc. N.a 34//f
• DESIGN CALCULATION SHEET Shoet 9' ., //of

Subjet PULL[

Ship or Project 'Emee Cop I~), fte 04' .4

S Section .S~C ) Prepared by A2.SDot* /~ , Chcked Reviewed

I "

k . 1Ip c1f4RicrZjs1/cD P ,oPe. L , 4# 'r!A? C 7=IIS 7CS

L W I- _ _ _ _' _ _ _ _ _ t ,q. "- __ ___._ _ _-

13 81. _rc_ 8 .L

~. _ _ _ _ _ _ _ E -P. w A _ _ _ _ _ _ _

#I POp±FLC z = A-

• .

JI

_ _ _ Il _ ___ _ _.

. ,1. !1 -- .

.,D -.. /Z , ¢

S -*. S. . . . .

* S *. . . . . . . . . .. ,.. . . . . .

* -.* * * * *• * .* . '.. .



RVI. t%.g UIIUmd tl Ul , .JUia, *s ._

DESIGN CALCULATION SHEET sheet ', .1 // 9

Sub- A1 LL- 0' (AAQ -M A"9 -

eLie . Pr.emaed by 1Z Sote 101_IZ!r Checked Reviewed

p 5 l

)2/,S P- 32 /

vx,--d rL -,-LI .7P/ : ,%:

9 - _& 621
- - -. ., ; _2

V

1. 277l/ o 12 l /a

P's~" 
.2 

7 1

..... ......................................... .. :..

* .. ,. -

/Z 7 ,gs-)----

-.. 5y, 2-110.

.0.,

IP

"LE S •r# Al-3"



DESIGN CALCULATION SHEET sh..t of ~ /
Subject 14L'LL. tFSl-7AIC- CALr-L/L4Tke3,V - E -2 (

* Shio ofPreject ME rld- Toul,,,gt 6 f/h C.R ,) A

aSufetio B3SDO pered by P r, Date IO/QS/175 Ccked Reviewed

*Vg . .&L Vs( 5"' )

VKK VZ Z

p r TEr 103 e 0 -1 XB/4 MI/LT.

1 1 .9 8' 0.7/30 12i7 q- 5, .L. .. L Z5
33 782 . Y2 4-J. 7.2Z k___ m 2. /21//. 02 2...

0 4o~ 7. ___13 1.36 2.14 4fL 0. 202.
9 47 .52- 1. 7 __7 2. ?L p7112- ____

5 91/,11f .2 fi l z~ " ..2.875L 110(jZL . 537.2 .

7j u.223 4Jq. 1 /. 97J? __ 2. 8) z*I1 6

70Y7 ~ I 4qZ 772- 273Z-0 ?24

2_ 1._ Ir~ -- _ _ _ _

* JL!Y _ _ _ -_



M. Rosenblatt & Son, Inc.
DESIGN CALCULATION SHEET shooe 17 If//

Ship of Pijed , f CC .C- &L'/ Z 7 04,A A , 4, C re 1,

s ni. ? t)I) Preared by Dole Chocked Reviewed

5,41 P CLss: -.P -S

IN 7-A ;Wec-g :

5/Ip Cflt,4RIcrej.sr cS P2P94J R1 .C? 7,6_Z I /4C7S /7 CS

LL, = .. 'R€. 2. tA. -- .5
42JJ L Z D).4
22 .a9€..v '__ _ _ _..*

A4. =C/ __ __ ._ __, _ Y E.P. ID,,;. A = __ _ _ __ _

7- P1AOE~~~S 2

S _ AI

- -_tLi-I___

'I 54 /z 11 ...-* A..-F *

13 L"_s,



Shoo t of

AI of, oi~jct E iw u mTre- r!I -Z i4,/ 7-,&-, 1AT~Q
S.ction ar.z p,.,d by 2-S D.,. e(-/2s/? Checoo .. ,

(-~J,v 7- /OA/ ~ t'q SP Are/I/ D~ '/s C sr'tp -

- 2. 8

Vs /.987 t4 siz

'- - C'. ' )(98.z - IZ7 88u'E S/

"C

r)- 72 (.3,0) 2. /3O
- 20,10_2..:..

C : . 80x to, '  CO 1Ir ,4 N7" C. '/ i

LES S 79 W A " k 7-

..... ::......................................

• ~~.. . . .. .. . . . . .. . . . . . . ...... . ...... :....:.:-. ...,

:':, .",. . . ... . . .. . . ..... .,.,,..:.. ,....-,,,-,-,.,



Shig orProisct cJIR~P r, I To ,,s is rlA e - --C/z i =PR)A
Sea ii 3 r) Prepar'ed by Date . 14-,97 chockod OI d

1. 2 77i)i/o'

4 Ccj CkT CI.r3~

VK VS ~A. Q - ,

K Pr/ ,( x108 /0 x~ /0'3 ISe - ~

o 0 __

1.V O2Zh. 2d2 A 170 15. ql 02.2-9

Al.~ 2.72 ,99 3 _0. 237

75- 2.__ 4 7?2 2.__ 172--- 8 3 q a~..

*e 1183-I ~ "..R/7 1-' $! 29a

2 1. ? 7___ -- - 4 s



DESIGN CALCULATION SHEET Sheol of //

*Subject PvCAL kfrjs7-n'0c4 ?i~eOI-'E..3,Y/g [)9- .A"6 -
*ship or Project ev~W 6 ewee i' e
Seon ~ Se : Prepared by Date Cbwaod Reviewed

5/lip 014c 7Ee).srwS P e. L 2 CvAAC 7,5/ 17 C S

/A I2,Eo P. 4./AD4.

CP v -f E c-

FN'x A~b~.-

4 r RSc t9Ae

blOTS OOAI.

5yp MP/~p EM R,
bf.7S~~~~~~~ ____!;40o~o ______



M. Rosenblatt & Son, Inc.
DESIGN CALCULATION SHEET sh.e t/ Of

sb,.L jeS/7WA/C" AL/4..7,A -LFS-.
Ship WPmjeie E r pip-,/e>', Tta,4uyis4n (,pje, Tee 1A

SceUd.I 9 Dl Pmpa,,d by f: Da e /Q/ 7/75Cwhoked Reviewd

," VSg'- V Wt - 4ek

1 0 •

-. 4C :_ _______.___m

-- ' sI, Zl. c ,,o-

:(,'. . (i"p: ) C

Vz:: C s f'PoZ

- 33Z 52

=3

-... i); .-c~z: j'C ', oa )Q ..ai)

= 0.23 Y, to -3  ( SrPr Cp roZ 5/f/P 5PE6ZS
.E S 7//41 /0 le'7.



M. Kosenblatt b on, Inc. Oe
DESIGN CALCULATION SHEET She _5.9 /I~

Subleet /hL STOIFCALL4/JA

Shipoertoject Pliarr1 To %, z . 2 , C.R i =PIA

Soctien 35 Q!) Ptepamd by sC Date /O/Z?/75lmcirad Reviewed

-. 1.271T~-

* g~.% ~ S k~j . 7  ,s7

VK VS I~Rms A C'c r -

j.. s 't~ too'e A() 0- 0. O Q /13 B.L 9/2

27 .1 .47 .6778 :~ Z. " 0 6 041 Z3__ 9..L... YL3.ItL7Z 0 . L.
2 3 .Z 73 ./00 77 3. 2. 1 177-3 11___0 _

l ~qS3qll * 2. 97,2 16 5026
* ~ Id./3 im l/..a _____ 2. 4/ 1l QJL .... . A -35

7 Al. q.82 9J7? 1,47'!___ 2.3,77 1764S Z

/r20 e. 2 1 z____ .2. 3Y5 1 2' -S

3A .. 79 ..

12. . . 26 -...... I. Y f ... *-3.**.**

. .. .1.'3*~ *.... 2. - ..

- .* .Z - .



* DESIGN CALCULATION SHEET Sheet ~ 9fe

Subject qL)LL 4?irlz IS ~ )) PFZLrD-A

Shi or Project 1s,/ ~'~ 4,I 4 I Cx 1 ree /,q

Sec i~ S/) T) Prepared by D~ ( 14121t7 cl-cked Rvee

7 SPCLSS: P.T )7?

Di.4

___ __ ___ __Plrc# /Z

15:7S 3LDE f9C ew ,AY

* A __ __ _ __ _ EXP 00/6Z4 :Rs~ _________a_ _1_ 7

V wsS3 ~ gp#E R~~ _ _ _ _ _

1A4~~~~~~~r PEJLOE FRIIi~ _____.___

0107S__ _ _ __ _

2 60, Hag
r-7 VAA 179

0.__ __ _ __ __ _

* . .27M

","



g". MOsenowat b on, Inc. e

* -DESIGN CALCULATION SHEET sheet 59 .y /
.1Sublect ALILL k Sr/VAIC (ALc.ZiL.7YC6 /-S 1179

Section IS yb Prepared by Dot* Checked Reviewed

*LST7 117?
/OA F=OA. M14j. s eOzz 6a'5C Ci

v~127- cCssU/S'EJZZ /2.0tj

~~u>V. . .~ P 3Z i'o 324

- C-

)C20_______

LE SS XI0 l rr



*DESIGN CALCULATION SHEET Shoot of ~ /

- 5bie )4dJLL ResIs _gL C6 aiL4a-mmy - ST 1/72
Spat Prec lt ~ R (Y ht~~(tA .i, )

, ee!e 1S )I Prepeaed by Date Ched Reviewvd

-. I/ L -. 00~w

* ~ ~1/KtC-T. C,.- ,)

k 7. 'ISC 1 'IO e 0- &j X/0 LB. LB./7

* __ __ _ _0of

109 0 2A2... 2. 1?8 0.5 0.~ 6Y .3s 3A -3
2 '3379 /.320 . 3 I__ Z.L )

75L. 1,2 4~~ Y .~± 220 Y14ZZ
5 x~yr 3-3o 1 /742 1 __ 2__ 1 -7075

)J A21 8g g35 2 j. 1-997 ________ 2.5-31 /-~3 1 q

1510 -5.q 1. ____ y_ _ 2. Z'I775' 2. !5A

12/ o .j Igjl 6,40Z _____ ____ 2.75-3 2475gsa

0.2 6 S.ss 123...... -~g L3 gi. ,

.272.7

zI -T - ' 5,1

1.



... . . . .. .* ,,,., , 60,,,., N . ..3' 9/ ?
DESIGN CALCULATION SHEET Sheel C of /I
Subiect qLL. S#~rdc A- 9 I)A S9 7-
Ship or Project nog.,('/~4~~ (~r'1

section Prepared by Date bched,, Reviewed

s . )l, Co.,qss : CL -/-

I -r o 2, vr e -=2Er
-,, .!

- _ _ _ _ _ _ _ _ _ 4 '*j

1985 __/__ _________-r~SP OP1 L9A C#qk rA Z

• , /'€ ,,' PX P. A./z:,.

°'O .' __ __ 3O)'~i

-.. iPioi -__. =2_ :::

A.. ... . . . . . . . . . . . . . . . . . . . . . . . .,

.. zecoe o4. ,r Ze ot -ZS {, o

o. 7- .yo,'

t~ ~ ~"r 0..""

77-,



W C.INk2N t..ALI.LAIJN SHEET Shoot .0 of //d'
subject AL. :T//( .#7eU - eS!,3
Ship or Project E ~ / ' tr,~4 (r.~ T~I

Section f7: D Prepared by PC s Date / 5P5TChocked Reviewed--

5,P- /-SD 34

Vk ~ VZC t.- (278 osgE 12 e,

Vs CL- ~)(~' )- - 8
-m -- -7 /

Cr-3

Vz C I.O-.5. 2

L.ES S 7Y4M Al kr,



.. AA0-uAII#N ) ttiShoeffg .1, off

Ship o Project I', ' R ETo w 'I i C2 GL(-'/I R C&.7I T , IA

Section /3' Pceared by 1 C. Date /R/2 /75C.ecked Reviewed

1. 2 -7o )

s -L.. o? 5~ 7, ( -Tos C,._7

hi L r - ro 1 L 4 -LA7/04 
Oc .-

-; r- (, " ' 7-- - -/.

o 1K VCFC iA v -
. rr/,Ec. ,o8 ' ,/0 Y/, x /0 -..

* .c "_ _ _ _ _ ,_-_-_-

I I. ,87 .. 71 2./7 0.4 0.83? 3.6/3 . ± . .62 2 y3

* ~ .t7I 2 112L.~i4~ 412ZL.
O* L 07 2-131 1,994 Z~7Z

- .. ~4.75"4 2. Z .27 3.9 Y.3i c .q7q ...-.:
>" • .I,93.595 17 'd " .)93 /6/0 0. 729

I f .Qg Yo 2 7" 7.01o' . ) 7 /.o 0 'p b.,.W #.?2/ LzeL7 " " L. o IJ'aL L IO

- 1.823 _.V,9 L /.670 T. 161 2 L 5"4 g

i: *'. T j.zoi l 01 11 .... 5.o7 1I770 z.z7
/0 4-s?. 7.13 I. 597 ."_____3 zL. .7..--

Z RYY I,.2..Z ._ 0 .17 Y -39 _3. 3y:

12 2o.243 q --- , 0 1 3.79'

S.3 21.'7 L6_6 _ _, 75_ _'

.,"" - ....

-....- ... ... ,.. .. -.- -.- .. . ,. ; . , .. - . :- . .". .*' .. .*.'. . * - - , _ -_ , . . -'.'. - - -



a. ioseflolarr at on, inc. Ne. 3-Y/

DESIGN CALCULATION SHEET Sheet f' 1//R

Subject fJLL L~%yf~ !5 /Z D StY fg7
Ship of Project 6?to,.'eA ,,4'f 7,r,,, . ,4-e .- A /

1 . Sectien /) Prepared by ale Checked Reviewed

1)1, -A S04jgc-E :P

3/lIP C/f 41cr~e).sTcS PL70P64L-,e C 4 C-w c -/ 57 .57 "

-W L 1 0'4-2 Dii~ -5Pic' 2:! Zd"

I3 2 _ .__ P,rc =

A ~~ 7e~fL(P A I./. :

...... 0. '_ _-

bf" S C = . O.oo P , xi c~ ,/,),$ _ __ ____:_

-A.

7.,E.00S_. -_ _ .
.. / 4; o d.22 4 /sm ::

,- . -.



DESIGN CALCULATION SHEET Shoot 6L of_ujt /~L. eE7//. A ,, . A,,, - //

Ship or Project em./d'/ T lAr',., C ,w iTgr, IA

, -. Section ., Db Prepared by os. S Date A 8 /r7.$Choicked Reviewed

5##$HP- AoP.-I....

-e e../O/

o c.OvgqFk"1z co o

0.• 

C4'.T. ~/ 2-~8 A 3 /. ,/oo

LES S. -...) C ) 2 ,

,;. 1" " /.94'. o 3 '

L.



-* - .

DESIGN CALCULATION SHEET She.. t/ of //

Subje, c htL , si, Ic. C (-,4LC.,,t/e -" 4 -/
Shi.esProject El,' c r .'/ To il/,I C, 69JR CI'rr )IA

Setlen 1; D Pre.a;d by 2 CSDale 1es g *Z/7i Checked Reviewed

S5#1P - 4Pl
I -- I ' 51.lP - 1o.-7

-* .z)

x ao- e /0/a L /..:L..

1 .487 01.3. 3.24 ~ .... )o' . 52 7 7A 1, OZ I

.44J 2 ~ Z.~Z..... 4 .&L " __ __ 3..ZL.. 296Z

5- .. . 2- So _L IZ8. 2 2 I6328 "'27

* . .... W.-W =  JI,8.. (: .'.) C _____ c,., 3: . ia

, 7-,13 .33.. ? 17.4,0 3p 14__ _ J I /Z 11 3 son
* ~ .Z~Q.... I ____ ____..:-:..iL

0 7 1 0 , ./

. .. 
t. .

I 
4.......-!. .................0ol 3. ,) 7 7 o

S . 7 . : 5'0 f~ 0 1.5942.. 2-2 357
:': ; 4 2S A8. 3 "; 24 .. 4 6L.z ZZ 3 O 70....

!:.::~ ~ ~ ~ ~ ~ ~~ ~~7 4.. 6 A,.r. .;2 I t.o " " 3/ I/D! . 116,: :
12 ' 2o.26810 "" / l ¢ o ~l.. .



miv. moSeflOlarT x on, Inc.N

DESIGN CALCULATION SHEET Sheet N 2 of //g

Subject WiLLL A&,rAC L)ArA, Soye/R7-
Ship or Project 4,4.-, ,//t ' 7 7 .JA/ / W,. , n" 7re/A

Section S t I) Prepared by Date Checked Reviewed

I P CL,9 ss :4 32

1)14 TA S;OU 9C.,E S# / 1er ,C*02 mna~o aaE 5ee/FS 'O-' 74

5/li 4/4creL~/cSPeOPF-- L4~ ACz/CS

-W L D66 m10
* 13 ~ A5~.69 Pirc/4~ .,ZLY

.'A.

4 ...o3 C A./L .4.
T ". PSc4oP~s 4e: ._____._

,v" .i p4 -" ,V " S/ -E$P,_.o ,,p, E=".P

"1, - ,, .HOo 73 __o __,-,,, _ __I___,_:.-_'

_______ _,_-__ __.._ row/= ___________.

* - _zZ .
/Z 2 -.- L

. .. 2 -
_ S29-/ _ _



M. Kosenblatt b on, Inc.
DESIGN CALCULATION SHEET Shoot 6J3 of/
Subject #V/L A,/( L 47A -D -17

ISection 1 A Prepared by (~C ~Date /02/7rChecked Reviewed

rFOA fv14)e. 5Pzr- "IC~ I~ /S Co01SrAP^1r

S t~ ~ L/~j~~ JI13 cise /Z 1r,

VS V' 1.b3 Z

- ~ ~ ~ ~ 0 24L._ __ _ __ _

C; A~ eI,73 coC fr~e Cv.)

-~ 2/ ~gq3-s~4o ' 6',el F7

- zZ.
'A Crr

lC(0 )x/0-

C p 0. 72/yO CO/TN Ce o 5VP3P6)
* LESS5 7A/4M IV~ T



I ~~... m w **wiaa B 'A ,Jwa, SS8 .. L 57

DESIGN CALCULATION SHEET skeetLI of 16

s,,b d /lOLR $'A,'ic ALu4-'/TA - At)-3 7
Ship• .tPmI.o RpD C,..'1 trAp i &t,. CR i/; A

Section Prepared by 0.,# /a /2, C7S a d Reviewed

Vs ( C

;" -, . g0 . V €, A7,IO Ox Zt

*~~1 2. 7~ -1 -3 o-s

- -o 6 8k-r a r )e lo_ _ _ _ _ _ -

EC x xm~L /0LL L9' 2~.L

'" o- /.0 07 1.75*. q 71 .z33 r?9 0

M 78qq z- a.7 go__ 22-~Z / t3 7 1
8 04.7 2 .61- 1.8/8 1 7 "'

4 ~ .75- 7- qq 4 1_ __ 75___ . 37 43 5
/0.6.8 .. &ZL ./. _ __._ _7__ _."__:'_

* .7--. - /.II"z ;, _ , ' .:-

9195' .:3 2-12.1 1Z, e3 1/ 53 0"
72? (,,/.60o ". 2.71 7

4 10 6 2 7_1.7-_ _,._ I. " _ 1"02
z 1.0 .72z S/t 71/ l. ;01

A- /o I.O 715 /.5 7 " Y2.¢,7 75'L 1. 101Z. -

IS 21.? S7 _ _

........................... .. . . .. . . . . ...



DESIGN CALCULATION SHEET Shee6r of /
Suhiect PULL r)l~JLS/re ,ff RP'lfL...e DA7 rd S 7
Ship or Preoct 5mea fm,: 4T,,A' we (-we' -i.e /,o

Section 3 1 ) Prepared by P SDate ,V z/ h ..Ceckd

0,14~ TA ' OU gC. : ?POZ 7- A7i5- 0 L~irz' /'oepnL ~s

* 51lip C 1f,ei c ree r s PL o P L .512 e#N-WCc P, 7,Cs

LWL~ 720'_____
g ~ /07Pircm
-F- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

yh( .sP/p p$~q P

~~~NO7S ~ ~ ~ ) 300___ ____ ~ W$____

* -. __-



oa. aMuzwsoligai 4x .Jull, m111e..

DESIGN CALCULATION SHEET Sheet~(of/I

* 5~ubjit qV-.L4- eifulsAlAcz Ae~.7eA

ShipPMtI( MeR~gl tpd 7n ~ uR e!6RjI7RA

section -. 13c N Prepand by Pr-c S Date /0/Z 7 /C7 0ck-d Reviewed-

SNP-

VS Ile Z-3.

770 = /.Y2-37xiO/

- yz C/ (,.,os ( /03 5,2

-- 0

Col4"STJ4NT C~ OZ 5iYIP sPEEZ3
LESS TY /4 Al



-7 )7 7 I:

DESIGN CALCULATION SHEET Se.~ f/

SubjeeTotu I/iL Riss7Aci R C/*.Azt~s./

Section 2BS D) Piepanod by )Zc C. Date 10(,hcd.d Reviewed

'44 Vs-i

1. 2 79 ly/0's

r z $-, 6 8-SC.~)

r.T/ 1to 8 10_ /0- X0I -j X /0-3 LBS. LBa/XTT

I Z.8 Ld 7 2.W~ a 7z 2L .9-5r ZIZ3.7Y m JLL......
~ 2-L3.7 2:Q.. o JJ.77 to _____ J/ 94L...... 02.Z078

r 5047 -7-050 IL.I.. 3943 910 0,7
Li 4.75- If6 L J.L L L .L. . ..a L

9-12-f5 0g 1,16,47 ____ 3___ Y?~. Z9qg 'S

7. iiU ..z //7.L.. 5 17 Z,__ Z7?__ R '77-7-3 0fl1

1.... toi~ toLLL T. ?Z30 :,, -Y5

21. r7 l 1 14 is IS __ __ j 2.1.3

...................................... S or



S~ t,. ... .. 0 ua ,, iDl, a. . NO. - //7

DESIGN CALCULATION SHEET She0 of ZL/
Subject A. / fZ rn,,c Z P o>..L-, DAA S - - ,-I=L

* ~~Ship or Projecf E i 4iiJ 4e C 'r.
v Sec~i ie A ' / P ared by Date Checked Reviewed

C l l . CL,9.$ .. :; .

5/lu' C/(,4pcreesr~cS Pe OPLcAZ C.:J/AAeA1r- -n IVz 7/CS

8 . o PrCu . _ ____

S-x I../D.4. .4gz.

Ws D _ _ _ _ _ _ _ ~ ~ ~ _ _ _ _ _ _

PE V r__ _ e-__mo_ _f

o . -, ao .ofv

-: .: I ;./Af;i.."Z _ _..._ _

E$P/5,qP EpP ' C
. t~f7S _________

*// / .'Zo :L-:.

............................... .. :.:

4..............................

:.~ot 0: S- M
--'.. ,_ ;:/zoo:

j Mao

-: . :.-.o.
.'.,2...: . : -: . :. . . .1.2- .. . ;. .. .



.. DESIGN CALCULATION SHEET Sh..'g . //

shipePvgjict 76s &j.,/ci t A !R i/To p/,q
Seciu l.Z~D ge Z(dhyR2 Doe /O/Z51/ZCbw~~ Review"d

$SNIP 4s 33
FO* L'qx o:E5 4?CL -VrIols 4 /s Ca,'/sr4'""

Rr V - '3/ 7 :

: V= I,7 3 7 oe7

C4 _ 5 .- )(, o/ ( wo )ER~ C s ,$.)

}. _._ _I__ _ _ _-

-.. 7. le

;-r....: . G: J .7.- I /o "
* ' C',

31f~~3 )QCs!; a/ 2-

coI/TN sD? p oR s7i PE-

LES5 '/YAl A

...-. . ... . . . . . . . . . . . . . . . -. 
.



DESIGN CALCULATION SHEET Sheol 7b' ofl/A
Sqibld. /IAP.L . ,$ .; TAp/cE 6'L c,,.m,/ .- ;q -.3'.

Shipor projoet To~ tt/i To ,#/ic GV P, Ci tr=k)IA

sctioSecie DS C Preared by oeS D , /Z J 7/; Cheed Reviewed

" "" 5StheP - A,, -33 .-.

1.

-r.1; L S.404 --. L4 -r--" o

VK VS ACc C75 3. R/

-.- --o _____0-:.-:."

•r /a- L

S.g81 j.j 7 ?131 .48 Lo ._11 6,19 -4Qo
2 .7A 1.37 1. 1;" "- l, .'vo 0.13078. :

3 'O7 2. * I.832 "_ .3L-Lu2 -1S2. 0. Z"
A - .- 7"(- "- 7-1 /7 8L.'0-" Lj° .L2iL. .... 4 - .L

5 6 ,13 7"S. Z/. _ '1?2 L. 3.-

- ' • /W 41.7-Z O f .Z.. 2 72 0. . OI ...-.;

8 )3-2 L, 731 3. -l 47!' 08 . 0 .

.-. 2 Y67 9

/0 ; ___ __ ___. _ ___ ______ 9 9 2."' .-

12 2o.268 _a 0 2,13o0".

D"2. .



MV. Kosenbiatt b on, Inc.N. '/
DESIGN CALCULATION SHEET Sheetlz of .a

ship of Praiect .1' ~~' 1. 4 .' C "r'e/
j 'N Section ~ ) Prepared by D al*3/ /A Chcked Reviewed

Sipu C/(u4 c ree.,-r~cS PjeoP~e.Loc- C4 1 ,VW -4 /Z 7 C S

9Z. 0 _lr L.4.E

* ~ ~ 9Z3 __ _ _ __ _fXi. A I/1,

W_ _ _ _ __ _£ # o e'5__ _ _ _ _

- C 0, Y7VLP 1t~ ______

*~5y ___ __ ___ __ __ F'.r P~C/,

IC zo'cr *A______

67i,~U..~3 = -



Su ;/V 4 LL PEfi1T////CtC L 4 a - 7 0'- 44 /
Ship r Pr iec t Js p4 . .- O -

.SectJn 1 S ,Prepared by Dale Checked Reviewed
SNIP-i

•/. = ed .7 " w C" 1L ' .Sj /1 I< T, ""'

ArT it r,

. 2 1x o " 7 Y x
m

5-0 / Y7 - 57..

- .7 /, , o "o o -. -

LES S 79- Al

• - c . = - ( z - )-. .

"" " C/ST= 0.T C la" Z d//rP T" E. "

I. I- I r --



Subject //j.I RESUZA7MfCA CALLAUT/j;4TA A I

Ship at Project .4 R %/ P.. Tou1 ,#/c 6CdR C.JZ I =PIA

Scin 1; D r) Prepared by I? C Dalo 3/'/6 chocked Reviewed

IVs L

1.2 71 Ih/' 5

C. C. a17

TA- R 4F ~ C AL e VLA /O A04  Z7 _

k _ F r r IO a 1)e /0 L O L S ./ T

.4~87 0. Z~ 7,196 0.5 0A7L1A .JL . 01.~

1 78IA 1.947 " 3. Z/4" 191f z 0.096
0 ~97 2-172 j4. ZJ.Uz.. 2-..

9 4.7-74 Z. 905, .7172.2L "L3. L QY 0 03

9-2 g,131 1. . __7___,0 Z. 7S /0

SId. I.3 4 ..$.Lr. J. 700 7 .9 50
dJ....8i.23 g .If AZ.. ___ z. 7Z. z OqF. /'.06

gh/ 1.__43__8 -, A86 z(____1.3

9~r z .01 537 . 3V _____ Z.36 7Z~...L...
/0. Z 423 ... ASL z. IL_ i~ ~9

L ./771 .L n- 1._ 5 7/Y 0

S. 7t S~ 7..1 I_____ Z. ?I__ 6

/ 12 1. ?7 F 6 6- 1 .. .. .. -. YS . . . . .

.. *- .-.. %*-*. ..*. *.*2. ............................................................



M. Rosenblatt & Son, Inc. N.3/

DESIGN CALCULATION SHEET Sheet 74~o

Ship or Pleject C/ef,/ ~ ~A~~ ( -,, e 1,4

Seitio Prepared by )7- SDate Checked Reviewed

5#1/P C/MJ4,c r62)e-,-S PeOPVL -9/2 .C ~7A- /Z7 C

-W L 700______ D~. ~ ______

AZ OZ. 01YP. /. D4 .

w F-Si K:'t&7P 0Ae
ripS____________ /L'. A __ __ __ _

yo Zyp -~ 4,eoevp~j

9Pe _____ 7 ~~ fY P-__

/0_ __wZs. _ __ _ _ _

zz ,tA)660



SHIP

Jri-7o

.ujt //.--e- 'r,,c __,,oo,______ °
_

/ ,/ , ,
__.. She , 'o cc .P '/rc Y ,fl4 (.> ,,y' ( /CA'),

" ~ l. .2 . ~ pdb C .. JI 7 I/7 Checkod Re~viewed - -

9T 3 7/ 20

'z. i. .....

(.71~,oa 3

,. 'o. /.?2 5-) C .7

Z
.. /: $->? j-- 

-.
: . -

C 6y 7-?,.0

.LES Sg- 7Y /.VY klO



* ~~ ii'anIcc I Shoot 76' -LLI/

" Subjec F Q5 .. CZ f Lr./ " ,4 c. T IQ 7 A/ L L'JQ
* Shi or Project Fm ,, Frrib,, TOt,.c .'.l/ CR IT , ,JA

*Section 13'O) Pfepared by R? CS Das 2/fl IJ79 Checked Reviewed

-_ L _ ,7Oo ) ?2:
r "- Vs L Vs 700.s

1.27

"T, ge o.f,,c~-,'/ ,¢ , , T

VK VS C p ~ C.T
k x 1 V /0 )/0 L ----- L$.

! a. .7..dXLL.jf7 .Z " Z 1.3 0.s _._1

q oH ' . 622- .,/,9. " z.1z6 f09, Q.17
Id 1. .j.I f7 1 .A

7 11.823 6. q70 I-AIA 127 19 PQO-.90
-&/I -,z. iq7 lqO 0,90 IT

/0 19. S?. 9. z FI W 321Z 0.Z

* - JLJ~L~ _____ It -SZL

~ ~57 )2o/~ /.~ig7 ___7 T.__ :1 ,

-.. 7

,-6-

:. ': .-t "7. x < /.s"' L,,z..7 , ' -" - ./.



M. Kosenblatt & 5on, Inc. me, 3.//
DESIGN CALCULATION SHEET Sheet 77 of //3

Subject )JJLL J?'i%-Pz f 5 lA,/Cff 4t PI e)I F / SY er C7-

Ship or Pric E- Le C e,~ ")ar~e'

Section 1 2 C) Prepared by Date Checked Reviewed

.. .wP C u~ss ____ ____-_ ____ __"'__

IN TA -,gcE e P/ig, O zCA/ -A1, p(or Ayete-i4,1se-

Z! SAO.fE.4. AlI.

dg 6AO' .

I _•__ ______ ,o O S _ _ _ _ _

.. .'

Ws:

roudoo

w s 'L7 .':-o''--___ __ _

o.,s " e~ _____

;P I ;

II



* DESIGN CALCULATION SHEET Shoot 7a of Ic
Subjet 4~~~~~i ~~7AC ,~e4r
Ship at Project )?- 511S 7-,11C: ".i?I 7-e,-1 ,o
Section Prepared by Date S Date Chocked Reviewed

-rq'LOR SrwqND4RD) SEe,4IF

* 49 r~eK ,A/C LEAIGT/ L 50_______

13 5-4 - 1 4_ _ _ _ _ _ _ _

/)* s 1/or I veel 71,46 AlC CVy ) nra

cwL

ZL0#6 'L Pq/5m-r.7c. Gp(7SZ

VOL OtIffrp,C c e,,vr Co.-$5dl
4)gTTWD Sojeel/Ce CogrArC1,1,r Z. 675'z

3.00o.700

Ab - /.r$7 m~()Tt~~" 5

Sc go~uz e .

/~r~~ S /~6.)Z.



* . . .
-..--. -. -.---

UtbIGN CALCULATION SHEET She*# 79 of//

Saible€, I- ul. P ES .;rA nc C ,-LOL.A -rmA -- , q '

* Shia ofPrject Em Q I% g P4 TO ,wu 1c 67 A R C PI A

Section 85 r),t Peaed by c S Dale j./ /79 Checked Reviewed

1 ".2 711 I/O

T~~LE. C~t-4././O4.<-.I<

"r. .:.. 10 . F -J s ,.

-<..R / 0 i-.

0 VS RTI

I //08 1. vJ 03. _ .!" .

3.38/ 3 .f L .7IZ 2___5z 17 __ _ .7, ells

. I1.3 1.?77L 1.72 0 , if ) Ig3 7 .

".'- 13. 5,*l2 ;' 03 I.Iq&'

- , 2.:.-.: ~ ~ ~ ~ ~ ~ ~ 2 ,eI -.7,z . . _ , , /274 /f

...................................... , . .................

-:. . 12~ o ,, 7-** **.*%.5.~** - .- ,/, -. - Z~ s~ .-35 .-..z ~ . . -:.

2-' 5- 15 , 2 1

-2 202.,775,

21.~~~ 7. L AL9',



DESIGN CALCULATION SHEET Sheet of.9/

Subject IJQLL Ofr I r.,I1 PI 11-F .L~ tr)CAA 

Ship of Project maode~D de C."~'/' S' 1 (

section 3, )prepared by ICSDate 3/2/7 Chocked Reviewed

~P C L4ss: C 5T,/ -

510~P C/1fw7c-r6ei--./CS P~e06e- gL12CWWQ C7-/Z 7,C S

8~~ IA___ __

* ~W's ~ )~ ~Evo~~______

* P~~~' L Cr -rZ~.9

* ~ ~ ~ __0

/3/?r /7,A -

*~- .p PT fw'OP~..6 =-

1A_ _ _ __ XJO



- . .-. o.•

3ubleci..pb;. bluto P,;.,qc 't_ - '' - vA! A,) - g

shig or Plo ject T/. 1A'

Section LD D Prepared by Rc Dale Chocked ReviewedsC~ ,,pi, 7-,o.A/ )" ,, flax S.'e C-,'fZ.C Ci //1*,

:: -. ~~~.. 17.j - /73 I~T ri' k7
: • 5P /PJ-

-7- 
-3

:, .: " V5 : I. g 7 1/< = .,'

?. ~~~3 6y)i 7 J'; /~

"!~~ i 82 --.~ = z, fx/ 35e

0- _ _ --r maa/

"- -'L" C/ ~S /'S T/ ) Al3.

C = Co.& .OASTJ.NT" . po. ff!/IwP ,E$ ,

o" Oo" /4 M. -

*= . . ... . . . .- . .... .-- '° o .•* ,*-• .- ," , , ,

. •* " , • " ' " " - * h• " " - - . . . . - " " 2 ", _, - • ".'- *'-'o'. _ _ _° __ '___"



- , DESIGN CALCULATION SHEET Sheet o 2 . //

Subject HuLrj, R T iC7Lft-LT 16 M V,4 l

Ship of Project EIA P R£r, / To tv /g, 6r/AR C.gI/rE RA

Section ss D Prepared by ?-S Date 31 1/6 Checked Reviewed

s/PP- -

TA .2 - 94AL 4,: )LI Al 0---
2A

" i 'I .;- S IK "-"

VK VS ~'- R/A
". tJ 7x 03 L ":

1 .487Ec. 3C ( J 0_7_ a A~L. 7 0

05. q -i

Y' 4.77 -~ z~ZL 7 5' 0.11
S~~~ oyq " ___ 3.386 3771) 0~.1

I .I _1,Z 0 _,' A .3,0 53 7 5r1 0.63

7 1.82B.i3 __1.3 S. M 0 7V 1 a8

8 3S2 1__513 2__ 25r 73711( 4D/0

s.0 .12.L.' 1L~. 3___2 7Y IVZ3 13

• .

z3 * Z. 1./ *

12: 2029 . 418: - 2 * J

1.-. 21 . 71)7 85 y""'



DESIGN CALCULATION SHEET She, 83 of/

Subjct PU~LL k.'n*c , h'4.LerLA 1'7

:--I= - ..z

Shuip or Ploiect /j ,o-/ ~ i /t ( <

Section 3 Prepared by ZCSDate 3Z/ Checked Reviewed

Iv-A ac.E : ! ;

SYIP C/f,,Rcr3er1cS P,zoPLV -,,5 . /ZC' S

/z. o _XP_._.. A 7/4 Q /"7?/
WZ70 0 E'AeiI'e' _______

* ._ Z3o ~ __~__--.--Ioo

--3I o -.
.°"-2-"------

...- _ __ _ _ __ __ _ _ ....__ _ _ __ _ _



Subject 71n~L v?/7,CC~-4A5
Ship or Projet t; PIC V 

______Q___________I________

Section .DL Prepared by iC Date .397. Checkod Reviewed

44U. 2z.6) 3. &S

- JO 2- /,P

C4~~..Co rri io

R 7L8

2- Z- 1 /

A lY7)7 0

' ~57M

.. / T ~ N .~ .. ~j .j ~ .... .. .... ... ... ... ... ... ... ... ... ...

1es& 
-.

0.61IlsN -Yp PC~



UnW~N (..ALCULATION SHEET Sheet of/A

PSubiect ihiL', R!SAPtff (fALef'-L4T/1is/ CVA -5-2

Ship., Prosec' FMARp1'l GI 0)duI kiA CIZ Irg P IA

Secionp 81; D D ~ prepared by Date01g Chocked Reviewed

1. 2 71 bel05

Vle V5 A~ R~. R-/

0 .8 /. 6 71_ -3__ __ _ .

2 3.3 A 23,~JL "u ______ 0,075

576 1 , '3~.i.ZL I. 'i3 316

7~ 11.823 1- -T/L 1LL. 2.95 - 41s7 .AZ620 SYi
8 13~72 4 U~ .SZ3 2S~L ~ Lif

U9 S7 7a A1JJ~~ ______ _______

15". 2.1/0 -9 95 qY 37

12 20.268 /r.4 Z___ SS&- J17Z5~ L ___

it. . . . .

S~~~~~1 A~* T ___________



M. Kosenblatt & bonl Inc. we. z'//v
DESIGN CALCULATION SHEET shstgY *5//A

* Sublect )J'1 ,44 d~L)LL ~q~

Ship or Pieject )~~(,W' 5'mIA exWA: Oe rm'C 67rw

S~i. 3'57) C Prepared by IZCS Date -7Z176 Checked Revwiewed

5141 ~P L,9s 55U ,~

1)14 TA 'go :e- t&'9ogr 17~? 'wf-z q"~L 1237o. 6e

5/lip a/f(4c reRevs rics- P.L 0PC:Lt. L CA'2 AT",wcT iV7/CS

L(,WL lZOA7 Dmjq

____________ 59LADeS ___Z.____

A 37-7 &/P. A./D.
w s 9 1__ _ _ _ _ _ _ ,/'A 9~f _ _ _ _ _ _

6. 7Z3 PE(A.0pego Ametu:______

C-

: 0.7t7 -

43p

/00 . ~(a

/0yeT Vt

/Z_ * ~ A L.. ...

7 ~ ~ ~ 7 ____AL __ HZ



S-ic VL ,9- 1,1 T---<---.-..j--.. HC 
rA N

Si ata Pfae7 Eaimre-Z 1/:/ T

Section 1L DD Prepared by 12c3 Date 31,q 174C Chockad Reviewsid

SHIP- LCI/ j'f
IIIRU. I OA1x S Pee Z) e.-wel~c~ /S

__-k~- -l =V/r

4C ~ ~ ~ I Z7_____/_

~~Pr ~ 3.5 /0 3

* ~~0. 373 CoeS T,4NT 7 OZ SVP3P.
LESS 794M 9l



"-. " .. .. • . .%. Shoat of //

Subject 1- P£S1.7A.IC.E CAIt/jLILQ 6yLC.U f y

ShigeePie!jet 'o tI ' t " j-, eI) R C itaPRIA

e stion 13 D r) peeared by l Dais Z. _/,Z./;x Chocked R.viewd

12.

1.

* r 2LF go k (/iC L UL -/O' ol 04 T

VK V5  73 --
::: V . . -s -3 -s ¢. -s .-.- :

Kr r/ .4 toO 1(/ /0 /0 LB.

o o __ _ _ _ _ _ _ '-__

I .487 2. 1. 1/.. 4?L. .0. I23 o .

2-. 3. ,:7-96 o.< 31. 2.#7 '-9.-- o
.- L '.'7 .Zh.~i.I j~

45 7-5 _ LE s-.1_7_"

7 1i.823 -. 2 3'f 7..-R --"..

-9 1q.1__ _ __ _ _ __ _ __ _ _ '. 7

1 0 LZ -5,I2.7.27

I2 20'~ 26 -- *- ____ ,"I,t2 T, 7

%t



M.Kosenoiatt ot zofl, Inc.
DEINCALCULATION SHEET Set5. AKulo P ULLSN , P lZ' l-',', 4 e A . 9 7

Ship or Project gc~~~/ a,' 4 ~~ 2,7 -l.e
section 3. )Prepared by i2 SDate Z/i 3/7gchecked Reviewed

5i/p C/f.#i kc reei.; /cS P,,oP64LTA /4,q C 7 C S

.LWL D), ___4_

W s~ Z/ 19 (C-.4tea,~ EA~q~ elr,4 ______

04 75~rE

_____ __ _ ____ zsoo _ _ _



DESIGN CALCULATION SHEET Sheet ~go h

3 Subject~ arId - :.S15rdlACE CqLc # ,,n-

*Ship atProject S~. r/ 1411/ r4,fc '

Section Prepared by !CSDate /ZhZ/7C Checked Reviewed

C:4AL CVLt 4 71011 0,4 ~ ,44.L Z51.r,1cE5 0.3AI6 Tr!
SrV.1N4 4k) SERvF5

5W9/, C445.5 /05Z.. OR- DE 1,52.

WVr'rKL/146 4-,/m&Tg L __ __ _ __ _ 1:

&'eRr~s'el- $0.m 17o

/~ Is #Ior C/U~/ 77/LW /2 t.'re £Y an'Qcrlo-I

s

S -d pei#cr C,#r.'o 4
LO#6'L P.'5-ig;-l C:p Q, S773

*VOLI4er-- C o~epv-4 gg,,$ 129- - I '~S
6rrfD Sue,/1e coeoc,1,r 76=.L ..
4Cr

* K 3.00 O75' -______

4f/687 Vk( L)

1.2791 -/

*/ 5- gs?
E4d*e* .?o



RD-RI50 94± DEVELOPMENT OF A CALCULATION PROCEDURE FOR THE
DETERMINATION OF TOW RESISTANCE (UNABRIDGED REPORT)(U)
ROSENBLATT (MI) AND SON INC NEW YORK APR 76

UNCLASSIFIED N@0024-74-C-5588 F/G 13/1@ N



L2.

26 114

MIRCP RESLUIO TETCHR
NAINA URA O TADRD-96-

li-i P--



Subeet II~LL. Pteos by ResC DoCj.M7p-- %
Sb5ee1eee p '4~~,r/ Jvih Pe /~

Sed. ~ b ipe.b~iC. at /i/~ uhe evee

eSH/XP-L~'tIMO7

S CC"(5" )E ON Csr

c'), r

4C~~~ SP, A

LES S 7.yq At IS. S/8

30?.,7,



DESIGN CALCULATION SHEET shm, 92 .1// -

Emu4 aULl RTa;7AIc_! CAL._L ., / r P- F 
%:....-. SMge, Peeieg ] ,j V£4 '/ ")o ;l (,£'JR C.RIrg iA

~--D b~. B posewed by ecs Dal* Z/Ipp J Cleih Reviewed
.. Lis .-...:. -,,-)

1. 2 771he /a'
" % '

Rr.
. s= >I t<, 7C11TS" cI.,',)-

R,, , .-

VJ( jVS isAp ~ T0, "

1. 1 U Z. 0. O,
- 2 ;.37A I.to7 7.o I' " ,/3 IZOo

3 1-L440 j3 ' 0.63

4 .nI3-3 716 Ti4 /0/7 -7-

12 2o.28 2 3.. 7_5 61 .
".S .t 101 U79 I, C71 " ___,_ z a 713,3 7 ".

I-..- 2I.131 _ ZL7I . 1 2 7 ___ 
.

(.7 KoOI2L..,.~~ ~11 .. 7 7. J? 739 Z --

&l..3 15 0
d. II -: -

-. , 6 9,:



k.5

* wi F.butiosdir at acn, onc. I
DESIGN CALCULATION SHEET sbmoq? of1

* Seal..An ti Pt~ed by £ SDoes I~~Chee Reviewed

.. r5t/P CL,9S5

t13 L 3 Dm- s.jy

_____ ____ __ &P. A./DA.

.5.. 174

4 SO FEq p/.~ ___

1700o~~'i __

.5.-,



ucaug' "..u.ULAIIVN bhtET Sheol____________________

Subled /IL kOSSIC tALeIJ'.A-yr1 - iQ)V

j Ship orPfeject LmAdP/.Orp.#I&C'/ T
flfdip// C r" e e )1TO'AOEe1

Section 9-'r D ,,am by AcS Dole 2/13-/71, Chocked Reviewed

10A 009. Mvi;x. S Pert 4-10-i c fs Co.*$ JAP~

7 " 4yto?.t'r s~ee.s rj Arr CR /
g 75. C@ffr4A,7 Ar z~os Z I k

-~~~ 41,57 (

Y.'

VzC CL-TMN Ce.Y7 FO 1) Z~/ 7PE /0

LES S T~/A Al k7.



DESIGN CALCULATION SHEET sham~7*. /A

)oft -P-
NF- ggr. apl% Tuge.&gg Qige

TA Y ~L C 20-0 IV. A-. L

V1K Vs Rm Cl A Cp C-r rRr/A
kr. too. I~- ee lo~o -3 -e /0/0 L

-;- 748 1. j7 2. J J 14s -

r3 04 7 /.707 ).?Zf If.__ 7 t 730 ___

-7 Z IL!I 1.75 q, 60 77

- 99 7__ __7_ 'JYs 6 27 zzp R

13 r14 2II 01 S___ _____ *z'ij'3 LQI

9 Y

-AT7 '. -- 91. ... 17-* Td *

vPJ%?. 2 2a.269
4

V ~ **% % .9..



DESIGN CALCULATION SHEET he96*/1

sul JPLL J~pItr~A 4i Alac' DAP SdW7

* seo cch__ _ __ _ __ _ __ _ __ _ __ _ _

IN2 rTa 5WU2C.E : .)A .VULLIJA 7214JL 001)7/A/ M L 57-a-I

591IP C/(,i/Zlc ree2 rS 0IC P 4- L 9-A2 CM':c7A Z/ Are

tw' .003. L. 7
- ~ ~ ~ ~ ~ p 13 c____ _

19A741~Q ___ __ _

w Is EYPA_______

Pf fdI f- A./0A4. f

__ _ _ _ _ _ _ a-.~~E daEaf Pt-s~ r

_________ 6..po 4eu _____

s y~p: ____ ___ ___ FcopPT
elCo L - .OANS f~A4e ___



B.ae 1. IM Pteea,.d by PrC. D.l. A / /7t~. bd Revitwed

7-/ C OA. M/vtv. SPer D .. #/ s ~ Cdoqs "twIr

- CZ7.oY (~o.)

1-1x/ rMf9.k o r

A C)
~*5/731

~ 3s'f/o (7.ozy

07co COI/STqNT C? p Z5'/ PE~
LES S 79.4M Id k7-,

Ij



SAWse ultLt. RF-sts-ApiLc! Cf:aLct~_ATfaA - bD 4A

'4SIem~tFmcrg.EclY To Idu. ig 'A Cy/) it irg nA

se'; o Puepatd by Dat J4 12 Del.w evev

SAPd e~e~

sF LVs
9 1.. 2 71 belO

- r -3 -3.1o_.

1- 1.487 -. 7Q Z.It 4/0- Z? 7

3 7 LL L~ '7q9 A 1 A--' 7~ ~

-. ,. I.2 '~a ~ ',AV / 1I 4..5 ?7AQ
2o26 yo y -0 .S

2.1. !4 '. i9-13



L ~DESIGN CALCULATION SHEET S.. 9o 1

*Subim. )4vut. A?frc1- er Ac ~ 4 A~ea~ t'-gL Ar, n Sma r,1

sup.. pfeje.I Cx 1 me 4'A 2 e ,v

Sedk.. Mttw by 12C D..o a-.Aw. Rego*-ed

5141 C*4.

-W L~ DIALh~ - -

* ~ ~ ~ ~ 1 AL f__ __ _Y 'P. A./D.4.: _ _ _ _ _ _ _

W S ))167 CfALEf AULI- E,P-qvIaED 'f ______

C6 0 .q'q

7P
tools

N:/pp E '

N_ __ _ N_ _ _



* U"II4I LAL(;ULA liON SHEET shooe,41 of Mfs
tobject YU4_L 4.0f';~ AL TeA

7- - -o

2XID (Az 7hokT

C (s~wo~g~,u. COr:.

I. 7 c;/

- ~ Z~- i~ 67-

-LES S 7//4 A 7



Sulel lL" R F-s1 r4pc, A! ~ rr~ - r- A6otl

SSetle as'DI popleswod by Eels Date 3/74 Checked Reviewed

Ms/

f4 J, vs A-, CLI.@UP

x -6 0 - -/0-- -

E1K V5  Ls C, AT

1. Y. r-?l/ 7.i 7./ 1174

r,7 21 -?-7



DESIGN CALCULATION SHEET S.,/oz of/I&

Ship or Pmroe E m rc ," Ie4, /

Seei.n 7; n 6 Propeed by Date -/L A eC e1d Reviewed

IP C L,9S -S L6- 2 62~

:Z. 92L8E A -D-

WS .31q __ _ _ _ _ _ pztoe EYP___________

* ______--p-

P5A. __ __

17__ g4.__ _ _ _ _ _

...... _......_ _



S *~ * ~ *~ ' *-a. ~ . .. MY

S.... . ..~J1

I% I '

S-IkA

CD

~..?*68

In---L.



SabW /cLL D
5 ~~~#& (La.- 

LA -2 -24

s..e. 1.ZDI Prepand by £SDate 72ZUd7 Shut" RvewJ.

SIPP- C)L -Z2o
.4 d / LA/O/ FOAL. Yra~ s o'i/jf D ~ s Cwr*/-vr

VK K7.s
Vsvi 7Z7L** 616 f ,~i .srM L'

Rn* 6J'IKT.

f' 7 =ocof.

3 73

LE S Y A



.7I lv' k~s TlIn A.,j . VA /,/- L -aC

1. 271/IV/0. *

VK~" VS 7/-

T,. X;E. x 16 (/0' e lo /o x -,

I ~ ~ ~ ~ P of7#~ 39
2 79 7 71L3as A78 94 I3,77/. iS'73I l 7

3. q13~ j. 7r- 7/ q3

/0 9 LS 4.9 Io~ Z. --. 7V

I / 243-sn. m___ imIi-: AL. -T l LL2. Z33 ILL...

12 2o.268!C 7 . ... iL 1-___ _____ 5*3y on o4.

7771 1 _____.______9_____ . 3 7

APO%~



DESIGN CALCULATION SHEET So$~. /

Sedies A i7Piepard by Date ~ hCid Reviewed

5glP'I C.LVS$. DI) 710 SZ.

* ,i-qT &,oaocxE &oe D67i? c4,s~g Lexe/9/-

83 z9d40.87 'Pit, =_____

3,59s0 r. 2 EtYP A./DAe

dw peos PC co #j"~ ~

J~LL~LLPT .'IYF _ _ __ _ _

830- *

* 5//p EN 1 Y30

* t~o; Po~i)S fIto
* ... J2~.... _ _ _ _ 30 __ _ 2

L7__ /O _____



Subject /4'LL eEwo/C.  qzCIJA,.N - ) 7T

S~seio ProP"pe" by f.Cwo

SNIPI

g zzy BES4oI
(Vk

s / 82 1/7 ZO.7

CZZ)(8 27

x /0~'E' Cox. f.)

CfT 277 ~,6

IA ,7s C )ZO. 27)QZ. 7 dje

-z 2/15/-au

c.. ~I P 36.6 8

- .'., , 7

I- -PJ/A~ ~ CO//STAMNr co*
LES S #4 At /2 Ar



5#I b77 /00 ~' I

C#.. 
% .

cv

d - --

in 
ix -- -

-:3
F-~ - ----

01C

CVI

ODU

to



UCZIafri I.LLULAIIUN ShU~T Shoot ]Orr of/

i.-. Se st Do() Pqeoaed by 2 SDate h0,&.d RtevIewed

I~fl5 1/ C__ __ _

TA -e.F o AL. -ol 7 -0 -l0 A

VK VS C~
k. Ar: j O e /0 /a x /a, LS.T

1 .4 87 0.5~Zii. . wl
2 3.3 7A J-0/I Lf.... 7/ f___~~.L. 1t...
3 < oi7 S'7 ).5 zo z aaz

Lj~~~Y7 1.Z Z3L _______

8 1. 57 -. d J Z,.. ___ __ It_ _ . ~ L i .

12 20.269 66 - -. Z



DESIGN CALCULATION SHEET RUN#. M7C of/1

5.hm M~I) Prepared by Date Che.cked Reviewed

5,41P L,9 J)L(::,

* -~ C~qS: D/4.C4L,*

J ..

5-1~~ ~ P2~' ~ ___

_____ ____ __ t'P. r/A(P

to6 s0 E~soe 91 ____ ___



Skip "q Proect Ad

Seto 9 D Prepared by CZDate /f1A Cheched Revieved

SNIP-

- ~ ~ ~ 1 2 7 T/,~(.~

srC-cYOEIFguz Co'sFr.

ZS27ro

Vz 'A ZI.?as ( 0Z0 )CjI.87)( -52
Z-3387

L.E.5 S 794'1 Alt



Su I/90J." ESI7AI .7

seuha 3~ I~ Prepafed by R SDot* 1~ j 7t. Checed Raviowed

SAP.

- -__ L_5z_

JQ- - - 8

VKVSC A~Z. -H C- ~- Ri

-r Er. __ _ 2/0/d A 0LB

.LT



DESIGN CALCULATION SHEET sm/?e/'

see.'. A~C~) hepa~ RCSDale ~ .

Pw ~ L.S by/7/d

____70& ____ XP. A4./AD4.

'd Crd

c. o7

_____P CA(P _ _ _ __ _ _ __ _ ___ _

LL __

__ _ ZQ . __ ___do_ _ -



ship~~- or Csoc I o 1

i • Subs.,, JIL/. ,? /' ,CC ,',, , .. /,, - ,' r.-1J71.'i:.

, Sse. i, P '1. f - (..,tH _G ,e " tF I ./ ....
.S.e90 s .D Plowed by LS Do,. 3/Sj I ,.Chdd Reviewed

,- 4 . .V-W,,v... . ... .. .MP 0 D . -,

•'ell

/733 ,r/d 3  COr-o~~t a~5

Z..

r C .l"' 3 3 'y z
Z4?.

i.' . CI I YWN , .3. ,99

LE SS7#/ 3

*5:: . 106 CO,/STM T C, pe. "",P.P..:v
i. ..- . cn'r= z 's ' ~s

__ _ - :--/:-*-.:- %.-...,. .



. p _ - g (',,. :.-::
cIa. .S

"'v de :-' II r-k

soti:sst Praad by 2c Date 11117 ,,.g Raviewad

22 7 1. ,"7

~ z' 1  C*7 S

V1K VS R~c,
kr r. 16o- i' '/ A/00 LB

7 /.487 p' I3rR, 2 0 ...-.o

W I I aAh." J 31ig[ _.Z '-:.
_ .L.. A Ifl . 3 ... 6.-70

j2 A. 90- . '...

SZ 71 1 7'7 z _g 7/ _ .71
14g.7r4 Z. Z90 3 /B, ___ __20LL. l

, Z. 30

C I 3 __ -5- oz

10 ' L i ._ _ _ _ _ _ _ _ _ -. 2-.-.:
12 2o28 -_OffLJ 0

13 20171 -(' ..-ZJ 7

* 4 **4 *.V/. :. . i .* * ... o. * o



K: dVS. a&%vaw. IU I A J aUIII,#.;,

DESIGN CALCULATION SHEET Sheea/' //9

shi or _i ,..

Section 1 ) nT Prepared by Date Checked Reviewod-

5.,r I C_ __L_ __9_ __S_ __S_ __

,-147A ;oC 12 : & -, /

5//P C/;J.c2e.s0c PeP 9 4.LEZ 61 Cf1WN7.5 Z 7|--

*. : T::p:.:::__ __ __ __W",5 ' 1--1:7

!- .-

I" _.2. Qs..-.§ .P.o-F' ....... ___ _-

p - ¢ 1 P -.O. -

.10 -. _

. -]ooO

* °_-i---- -1 900 4 -

• .. . . . . . . .. .. . . ,.. . •. -. -. . . . . ***- .%-°* .. -*. ,o. ..-. - %- .. -* -*-*.% ... ", "



S;.. . . . . .l 
.- " .'

• '.- " '"- 
II 

7
j,-., ,; -ird c."Ck".'-?"/

S.I2-7 T7.

* .1 5HOIP

*7 q 2V-e /a

F 7 2-- q O"',

- C/& +)( )i- " !-::-" .o

>: h.

5..-:C. .-,

" ~j- - 7

C.OA/STMiNT 7's-v' 3E
L.ESS TY4 Al g

.. . .% 
:; ':

I+4-



* ~ ~ ~ ~ l~Wi-L -*W--- W- 7V.. . . . . . . . . . . . ..-V --r_.- ---

Sableet 4.ALWL'U bMHLT-i'

Seethen al; L) r Pirepaed by A?L9 Date & Z C Chebed Reviewed

1/g2

kr. A ~ ~ ~ ~ ~ 1 2(I 7/0 h'id XL.L/T

XZ 7C b. Ts(,47

'~ ~ T S Ao7 . o 4.J. .. A'1A 04 ____ T-L 10__2

VK VS'/ CT~L ___ __ 3LILJ ~ 4 ~ .
*~~ 1 'Ii' TA. .2~.-~4~--. L.

1L~il~~L30L /*e' lo__ /,I. z~8 j

8 i.31 7A__ I, 2.y /570 11IL..

4.75 L L . 7a__ I-__''I~O23

IS 2I.'7 _____ /._497 3___ S__ __ IL__ _a

2 I...60./6 7-3 1 T 0

!93 f5 . es



DESIGN CALCULATION SHEET sw./~~ /

_ SIieAP P,.wamd by PC~s Date cIhak*d Revielmd

I)AT A SOQw iz ce I/jrs./

9 1IP C /I,; Rc re ITArcSr PeoPeLTL Cfl~ C7-,=- /e 7,C

ws 0y4~ C/_____E_

44~V )u T~oic~r rd~' P

I Too

~ .~Z-.= __ __ _ __ q*7%

13'



Subiet, I1u..LL~ '.;. T,,,,IC.C .LAL:., -,'ZLQO H - L---- 4.-3 - Z-

,=O f't. S P 0 / - 'I4', I S ) r ":.-

"'L4 "  ----- "  z/ss f• ' r.,~r

7-7-

q),-I) (-'.o2) 8

'- /. Z72/ x, ' --:' A't
C4 L V/ "r /A* -

~~ 13, (1.7 25 (5-13o2

Z3

VZ...52.
Zo.0( 5- 2.-*-'

~ ~Z 7 -'~c 757 3

% "" o.&r0 COJSTAJNT C F'Oh. 5hW/P .PEF4$ "

.1.%

,:, ..-:::.



Subleit dut-" Risu-upic -f~-!L4r6 L mg -3

Seellee l3'j;~ DO P,.aed iw I&.S Date ChIYJ7dcReiriewo

r ~ -

EC.. /0 fs/l
mI.QI 1- Y 30t I L 9 -*

F0 AACl2,?

2 A -/ - - 3

I 1.01 ~~LL k*...L.~777.



Action November 27, 1953 and signed by B.C. Taylor, security officer.

-. ..v

i 4 o 1

.. I
*; BAU EITNEDT



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

1--';--! SHIP: ,4 13A //-AiA C/11tD"
... ~~BY: -,. _.

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) 1_ C 31

2 TOW DISPLACEMENT, & (SEE TABLE 7) LONG TOilS 21-70

3 FRONTAL WINDAGE AREA, AT SQ. FT. gyo'o a

4, TOW SPEED, VTOW KNOTS

5 OIRECTION OF TRUE WIND FROM BOW, 0 DEGREES 0

6 TRUE WIND VELOCITY, VWlND KNOTS

7 WIND VELOCITY COMPONENT VT 4® + L6) COS 05 KNOTS /0

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT

9 WIND RESISTANCE, Rw x POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K1 (SEE TABLE 8) "" (.0

12 HYDRODYNAMIC RESISTANCE RH - (2) x QOJ x(01) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

*1 4 PROPELLER RESISTANCE - Rp - 3.394 x x3) x(x ® POUNDS

15 HULL RESISTANCE , , E4 POUNDS Z -5.

- 16 SEA STATE RESISTANCE -- - (15)- POUNDS 0

17 TOTAL TOW RESISTANCE - RT ':9> + (12) POUNDS /g 57

..

°

, . * ..
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e" CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: CA /37 AVY CZu,,TE: / )7

ITEM
NO. DESCRIPTION UNITS

a-..
I. w';. 1 SHIP CLASS (AE, CVA, ETC.) __,_ ' 13'
..'. 2 TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS 7/1/7,0

3 FRONTAL WINDAGE AREA, AT SQ. FT. 9SO

'. 4 TOW SPEED, VTOW KNOTS

5 DIRECTION OF TRUE WIND FROM BOW, B DEGREES

6 TRUE WIND VELOCITY, V WIND KNOTS )1,- _

7 WIND VELOCITY COMPONENT VT 05 KOOTS 2/, :

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT.

9 WIND RESISTANCE, Rw - x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8)

HYDRODYNAMIC RESISTANCE R 2) x 0) xll) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - R4 x 3. 394x POUNDS

15 HULL RESISTANCE - x (2) - ( POUNDS 4177,0d

16 SEA STATE RESISTANCE R i ) 5)- POUNDS q723z-

F:'" :, 17 TOTAL TOW RESISTANCE n RT - (9"%1 + (12) POUNDS

* . ~ 5 % "%
. , .:!5........

.5. 5 ... '"' * .



" CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

DAE: 2,
SHIP: i4 81 )4tAI/V C2~vi " DAE: M I/4 Y.

"- BY: P( ..

I TEM
NO. DESCRIPTION UNITS

" SHIP CLASS (AE, CVA, ETC.) CA_ _3_ 137'

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS ziq'7.

3 FRONTAL WINDAGE AREA, AT SQ. FT. 45100

4 TOW SPEED, VTOW KNOTS

5 DIRECTION OF TRUE WIND FROM BOW, B DEGREES '7. 23

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT 0 + x COS KNOTS /7.".

8 WIND PRESSURE P, (SEE GRAPH I) LBS/SQ.FT ,..

9 WIND RESISTANCE, Rw - 3) x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) ".

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH - (2) x J xl) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - Rp , 3.394 x 13) xOx @ POUNDS

15 HULL RESISTANCE - O) x (.) - POUNDS q7709

16 SEA STATE RESISTANCE - R - ( 2) - (115)-(g POUNDS q7 L'/

17 TOTAL TOW RESISTANCE RT , (9' * (12) POUNDS 7_7 f-.
T..

. . .

S ** * * .C .. . -
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CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: CA 13 - DATE: Z/I"--

BY: iCS

ITEM
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) C, ,/3

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS ?/'f ..

3 FRONTAL WINDAGE AREA, AT SQ. FT. __"___"--

4 TOW SPEED, VTOW KNOTS

5 DIRECTION OF TRUE WIND FROM BOW, , DEGREES iU. 3y!

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT + ( 6) COS

-T 0 KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT 49

9 WIND RESISTANCE, R/ W W)x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -.

* . 11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH 2 ( x x(.1) POUNDS .-

13 TOTAL PROJECTED fREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - Rp 3.394 x ;3 ® POUND0S 7.7.~~'3 x, . ,,., 7o377

' 15 HULL RESISTANCE - 6.0) x( )- Q4) POUNDS 'Y7--s

,* ... 16 SEA STATE RESISTANCE Rs = 11a) - (5).G POUNDS q7?3

17 TOTAL TOW RESISTANCE ( RT = + (12) POUNDS 1 '1,:

17 R, PO....
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" CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: CA /3DATE: d//77
" BY-

• . ITEM• TNO. DESCRIPTION UNITS .-..-

I SHIP CLASS (AE, CVA, ETC.) .__,,_ /31 ."

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS 11/-70

3 FRONTAL WINDAGE AREA, AT SQ. FT. 'OO

4. TOW SPEED, VTOW KNOTS

5 OIRECTIO14 OF TRUE WIND FROM BOW, B DEGREES a
6 TRUE WIND VELOCITY, VWIND KNOTS 2,"7

7 WIND VELOCITY COMPONENT VT - Q + . COS 5 KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT 7

-- 9 WIND RESISTANCE, RW . X (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH. (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) -- _ ,___--_.._

12 HYDRODYNAMIC RESISTANCE RH 7 z) x QO" xll) POUNDS 7 5________

*13 TOTAL PROJECTED AREA OF PROPELLERS, A~ SQ. FT.

14 PROPELLER RESISTANCE - Rp = 3.394 x ;13) x x POUNDS 22.Z , "L
15 HULL RESISTANCE , x, @) POUNDS

16 SEA STATE RESISTANCE = , ( 2 -. )- POUNDS Z 765.1

17 TOTAL TOW RESISTANCE " RT , ,". + (12) POUNDS
T .

[ • .o -'.°

........... *d°..............°...* -Y- .7°> *°" * .*-. - .* . .> i\ -*~*
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CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: CA u39 DATE: Z/Z /1,!r

... ~BY: P.Cs$, ,

.. ITEM
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) _ CA 131

- 2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS, zpq 70

3 FRONTAL WINDAGE AREA, AT SQ. FT. ly'oo

4 TOW SPEED, VTOW K14OTS

5 OIRECTION OF TRUE WIND FROM BOW, e DEGREES

" 6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT @ +[(6) COS K] KOTS 21 6

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT .

9 WIND RESISTANCE, RW - ( 8) POUNDS 2920-

1 10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) /
H.".

* 11 SEA STATE CORRECTION FACTOR K1 (SEE TABLE 8) --

L 12 HYDRODYNAMIC RESISTANCE R (2) x QJ x(.f) POUNDS 72137,'

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

* 14 PROPELLER RESISTANCE = Rp - 3.394 x ;13) x x POUNDS 27117-

15 HULL RESISTANCE - (10) x (2)- POUNDS -.

16 SEA STATE RESISTANCE = R = (1-2) - (15)- POUNDS ?70 .<Z

17 TOTAL TOW RESISTANCE RT =!' + (12) POUNDS

T ,",','.............. .............................. 



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: C_ E /3: DAT:__ _ /"' -"

BY: kCS

ITEM
. NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) C,4____

2 TOW DISPLACEMENT, 4 (SEE TABLE 7) LONG TONlS l,/70.

' 3 FRONTAL WINDAGE AREA, AT SQ. FT. 11500

4 TOW SPEED, VTOW KOTS 4.

-: 5 OIRECTION OF TRUE WIND FROM BOW, 9 DEGREES 1/ .5

- 6 TRUE WIND VELOCITY, VWIND KNOTS 2#,-,

7 WIND VELOCITY COMPONENT VT - G + x C0S 01 KNOTS

" 8 WIND PRESSURE P, (SEE GRAPH I) LBS/SQ. FT

9 WIND RESISTANCE, Rw " (,) x (1.8) POUNDS 0

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --_.___.

12 HYDRODYNAMIC RESISTANCE RH - (2) x Q(O) x(.11) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, A p SQ. FT.

14. PROPELLER RESISTANCE = Rp 3.394 x ,i3) x( x ( POUNDS 27

15 HULL RESISTANCE - o) x - ) POUNDS

16 SEA STATE RESISTANCE R (12) - Q 5-= POUNDS

17 TOTAL TOW RESISTANCE - RT - + 12.) POUNDS 72 131

- 1
:-4i .



CALCULATION OF TOWING RESISTANCE

SHIP: CA /.3T DATE: Z12 y/7".

BY: ACS

ITEM
NO. DESCRIPTION UNITS """_

1 SHIP CLASS (AE, CVA, ETC.) tf4 1 1"

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS 2) 117-

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 'So

I . .. \, 4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) e

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET 321/•p"_...__p_.-._.

.-., 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - '-." -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) .

"" 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs t (SEE TABLE 7) "-

*". '. 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - -

10 RELATIVE WIND SPEED, V KNOTS /0

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) /,,2

13 SEA STATE RES I STANCE R (SEE FI G. 16)-

S'". 1. 4 SELECT A TOW SPEED, VToW KNOTS / .

15 RH/A (SEE FIG. 17)D :: i2. ?-3

16. HULL RESISTANCE = RH = © x( x 1.25 POUNDS

17 PROPELLER RESISTANCE - R 3.737 x@ x O x G POUNDS

II

.: 18 W11,1D RESISTA1NCE- R - 0.00506 x G xQ x @x (O)x IPOUNDS

19.-, TOTAL TOW RESISTANCE R 3) - + ( 6) + 7 8oo

. I,............... Z'* % * z .****I~ *

OMe ,, •.
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" *CALCULATION OF TOWING RESISTANCE

SHIP: ""-DATE: 21 %1

BY: EC$

ITEM
' NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.). 'A ________

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

.3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7)" ' "J. 70

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

- 6 CURVE N4UMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

' 7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

S' 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

1- 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KN OTS

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -20

14 SELECT A TOW SPEED, VTOW KNOTS

: , 15 RH/A (SEE FIG. 17) I q

16. HULL RESISTANCE - RH ,, x( x 1.25 POUNDS --.8

17 PROPELLER RESISTANCE - Rp = 3.737 x x POUNDS'14.," .. 5 , , POND

1'S WI,,D RESISTANCE R 0.00506 xG ,@ , @x @ ( x ( ou, POUNDS

19 TOTAL TOW RESISTAICE - RT " +QI .+j)+ 1 POUNDS I .7-

.... ....
p.
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CALCULATION OF TOWING RESISTANCE

SHIP: C4 I. * DATE:a:~D 
TE .:.1..:'li'

BY: P "

' *". ITEM . °.

Q '" NO. DESCRIPTION UNITS ""___

I SHIP CLASS (AE, CVA, ETC.) c,137

2 TOW DISPLACEMENT, a (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) .
'I.7

5 TOTAL PROJECTED AREA OF PROPELLERS, A (SEE TABLE 7) SQ. FEET
p T_____

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) 1 3

8 CURVE NUMBER-FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) - -

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) -

" 14 SELECT A TOW SPEED, VT0W KNOTS

" :i- 15 RH/A (SEE FIG. 17)

16. HULL RESISTANCE RH x x 1. 25 POUNDS

17 PROPELLER RESISTANCE - Rp - 3.737 x x 10) x POUNDS

18 WIND RESISTANCE - Rw - 0.00506 xQG X X @x (1) x log POUNDS

*'1 I TOTAL TOW RESISTA1NCE - RT - . + POUIDS

%• .*

T 0) + +-(..).-8
S..11 o . °

' .- * *.-. - .-"'*-. . q ".:.' ; ~ ...-. 4 ~
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2;. CALCULATION OF TOWING RESISTANCE

.. ". *

SHIP: CA I? DATE:

BY: ,ecs"i !': *''""" ; "; ' "

• NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.). CA

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

-- 3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 950

' 4 W14ID DRAG COEFFICIENT, Cw, (SEE TABLE 7)

" S TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET Z-

.-. 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)

• 7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

-" 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, = DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16)

1" SELECT A TOW SPEED, VTOW KNOTS

€ £ 15 RH/A (SEE FIG. 17)

16- HULL RESISTANCE - RH - 6 x x 1.25 POUNDS

17 PROPELLER RESISTANCE - Rp - 3.737 x x @4 x u POUNDS

18 WI1D RESISTANCE - R - 0.00506 x x(U x @ x (i x ( POUNDS

19 TOTAL TOW RESISTANCE - RT + + + POUNDS " z

-...-. . .

=-,~ +. (L6)%. +.." (J) + ."



CALCULATION OF TOWING RESISTANCE

H. sHIP: 6 /3 DATE: Z/Z3 7X

S NO. DESCRIPTIO UNITS

... , -. __","__-__.,

1 SHIP CLASS (AE, CVA, ETC.) .

. 2 TOW DISPLACEMENT, a (SEE TABLE-7) LONG. TONS 70 -.

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

. . WI1 D DRAG COEFFICIENT, Cw , (SEE TABLE 7) - . 70

" 5 TOTAL PROJECTED AREA OF PROPELLERS, A (SEE TABLE 7) SQ. FEETp ,3____l1_
ll 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -'.

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) '

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

~10 RELATIVE WIND SPEED, VR KNOTS

. 11 RELATIVE WIND DIRECTION, o DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -

S4 SELECT A TOW SPEED, V KNOTS

15 RH/A (SEE FIG. 17)

16. HULL RESISTANCE - RH ,,x 1.2s POUNDS

17 PROPELLER RESISTANCE - Rp , 3.737 x()x x9 x (L POUNDS ""2"

18 WI1D RESISTANCE - R o 0.00506 x® x , @x x (L) x POUNDS

1 13 7 /: ::
19 TOTAL TOW RESISTANCE , RT " +Q6)+(Dh+ POUNDS• : 9'7 -07::

b.,",,.f ..
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CALCULATION OF TOWING RESISTANCE

SHIP: _ _ 13 __ DATE: Z ."'."7

-t .r. BY:

ITEM
i~~:.* NO. DESCRIPTION UNITS _____

.~... 1 SHIP CLASS (AE, CVA, ETC.). . /__CA 13...

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS -/q7"i

-. 3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WI1D DRAG COEFFICIENT, C , (SEE TABLE 7) - d70

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap , (SEE TABLE 7) SQ. FEET

1.-." 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -_

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) 3 ."-

' 8 CURVE NUMBER FOR SEA STATE RESISTANCE, RS, (SEE TABLE 7) 7 -::

9 BEAUFORT NUMBER. (WIND) - (SEE TABLE-8) a"

10 RELATIVE WIND SPEED, VR KINOTS:;~ zoo,, 7 ..

. 11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) /

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -

, 14 SELECT A TOW SPEED, VTOW KIIOTS

15 RH/A (SEE FIG. 17)

" 16. HULL RESISTANCE , RH ,, x x 1.25 POUNDS

'. 17 PROPELLER RESISTANCE - Rp - 3.737 x x 1 x POUNDS 3Ozo

* 8 WIND RESISTANCE 0 R- 0.00506 x~ (10 x 10 POUNDS

19 TOTAL TOW RESISTANCE - R (L3) + 1(6) + 7% POUDS.,T,. .-

I..

- :.. ,.-r
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CALCULATION OF T0WIlIG RESISTANCE

SHIP:_____________ DATE: ZZ 4/

BY:_ _ _ _ _

ITEM
* NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) '

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS y

3 FRON4TAL WINDAGE AREA, AT ,(SEE TABLE 7) SQ. FEET '~.

4 WI14D DRAG COEFFICIENT, C~ (SEE TABLE 7)-

5 TOTAL PROJECTED AREA OF PROPELLERS, A ,(SEE TAB3LE 7) SQ. FEET
p ______

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)-

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7)-

8 CURVE 1NUMBER FOR SEA STATE RESISTANCE, R, (SEE TABLE 7)-7

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-B)-4

10 REL.ATIVE WIlID SPEED, VR KIIOTS

11 RELATIVE WINO DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)-

13 SEA STATE RESISTANCE R, (SEE FIG. 16)-

*.14 SELECT A TOW SPEED, VTO KNJOTS

15 RH/A (SEE FIG. 17)

6. HULL RESISTANCE - RH= @5 ~ x 1 PUD

17 PROPELLER RESISTANICE R~ - 3.737 x(~x 14) x___ POUNDS - ,'

1d WINlD RESISTA1NCE -R w 0. 00506 x G x 0 x @ x (i4) x 11Q POUNDS /

19 TOTAL TOW RESISTANCE -RT C- Q3 '+ 7b)QVU8)PUD
T POUDS (I'-w .



CALCULATION4 OF TOW RESISTANCE BY 1tETHOD USED IN U.S. 1NAVY TOWING MANUAL

SHI: LST-I7? l~k .s'~DATE: ZI-

NO. Is- 1 DECTON UNITS6S/A7 7

ITEM

1 SHIP CLASS (AE, CVA, ETC.) . ____LST- it 71

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONlS 93q9 I

-~ 3 FRONTAL WINDAGE AREA, AT SQ. FT. 3'~
4 TOW SPEED, VTOW K1NOTS

* 5 OIRECTIO14 OF TRUE WIND FROM BOW, BDEGREES

6 TRUE W114D VELOCITY, VID KNOTS

WIND VELOCITY COMPONENT V T + L6 CS() K1NOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW (3) x (8) POUNDS

10 IYOODYA~iC N1T RESISTANC r (SEE GRAPH 2)-

11 SEA STATE CORRECTION FATRIi(SEE TABLE 8) -

12 HYDRODYN4AMIC RESISTANCE RH -(z) x QpJ x1) POUNDS

13 TOTAL PROJECTED AREA OF POELR, A p SQ. FT.S./

14 PROPELLER RESISTANCE -Rp 3.394 x 0*3) x~jx (D) POUNJDS

15 HULL RESISTANCE = x () -POUNDS 11,s

16 SEA STATE RESISTANCE -Rs (12) (15~)-G POUNDS

17 TOTAL TOW RESISTANCE -RT 9 + (121) POUNDS

$ Ae14 /Or 410 (-43' Ifdf TO (36
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CALCULATION OF TOW RESISTANCE BY VETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: LST 172- 7A,1 / A,. #/P DATE: 212 SW/n

BY: [C-

:" ITEM

NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) __..7r-/79

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOIlS 93-Z -

3 FRONTAL WIIIDAGE AREA, AT SQ. FT. 1 ,9"

4 TOW SPEED, VTOW KNOTS

5 OIRECTIO4 OF TRUE WIND FROM BOW, g DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS ,

7 WIND VELOCITY COMPONENT VT - ( )+[ x COS 50KNOTS r

" WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT /-"

" 9 WIND RESISTANCE, RW (3) x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r H (SEE GRAPH 2) -

. 11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) ":

12 HYDRODY14AMIC RESISTANCE RH 2 x 1O) x1.11) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14  PROPELLER RESISTANCE = Rp 3.394 x 13) x POUqDS '-

=- ,, 15 HULL RESISTANCE m (1O ,c2)- O POUNOS -

16 . SEA STATE RESISTANCE R 02 (12) - (104 POUNDS z I o°--

17 TOTAL TOW RESISTANCE RT f9, + (121) POUNDS 794""

.1'

a ° + . . -. -

,44
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CALCULATION OF TOW RESISTANCE BY ?ETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: L.ST If7 DATE:

BY: RCS

I TEM
NO. DESCRIPTION UNITS

'". SHIP CLASS (AE, CVA, ETC.) LJT-iI71

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOIIS 3 .L
'I-."...

3 FRONTAL WINUAGE AREA, AT SQ. FT.

4. TOW SPEED, VTOW K4OTS

5 OIRECTIO14 OF TRUE WIND FROM BOW, 9 DEGREES Yf7. Z3
I.

.6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT - ( + x COS 50] KNOTS 17,17
ID1717

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT ,,

• 9 WIND RESISTANCE, RW l (3) X (8) POUNDS

% .10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) " .

. 11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8)

12 HYDRODY14AMIC RESISTANCE RH - 2"i) X O) xll) POUNDS J ,

. 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

1h PROPELLER RESISTANCE l R 1 3.394 x 13) x® x 0 POUNlDS

15 HULL RESISTANCE = 0() x(2) - POUNDS

16 SEA STATE RESISTA1NCE = R , (j - 5) POUNDS 2 /

17 TOTAL TOW RESISTANCE = RT , (9) (12) POUNDS

b°" . 1*. -.T
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... ,,r uw K ISTANCE BY VETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: /.17" /17A Z / 17-d
-Y:

ITEM
'.-. NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) /.sr- //79

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS 83'/Z..

3 FRONTAL WINDAGE AREA, AT SQ. FT. 3 'y"-

4 TOW SPEED, VTOW KNOTS

., 5 OIRECTION OF TRUE WIND FROM BOW, 9 DEGREES /?, "-!.- _- - __..____,_. -___-_.;

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT I @ + x COS 05 KNOTS

8 W1140 PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT "

:.'* . 9 WIND RESISTANCE, RW 3) x .8., POUNDS

.11 SEA STATE CORRECTION FACTOR K ' (SEE TABLE 8)

12 HYDRODYINAMIC RESISTANCE RH - (" x ) xill) POUNDS

' 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

114 PROPELLER RESISTANCE - Rp = 3.394 x .i 3) x x POUNDS
. ,15 HULL RESISTANCE = (1O'I . - Q') POUNDS

16 SEA STATE RESISTAICE I R 12) ( 15)- 10 POUNDS

17 TOTAL TOW RESISTANCE * RT i, ,,2) POUNDS 73,j76
I "

-.- -..* :qt

.--•.-_ _ _ _ _ _ _ _ _ _ _ __._ _ _ _ _ _ _ _ _ _ _ _
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CALCULATION OF TOW RESISTANCE BY V'ETHOD USED IN U.S. NAVY TOWING MANUAL

...

SHIP: ,, 1177 DZATE 7

BY:*-

I TEM
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) _ _ 5r-1/7f.

..£ 2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONJS -

44
.. . 3 FRONTAL WINUAGE AREA, AT SQ. FT. .74/

":.. TOW SPEED, VTOW KNOTS

5. OIRECTION OF TRUE WIND FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT - + [) COS (5]KTS

8 WIN PRESSURE P. (SEE GRAPH 1) LBS/SQ.FT 2..

.. 9 WIND RESISTANCE, RW - (3") x (8) POUtlS .

-0 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) -

if SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH = (2) x Q O) x(.1l) POUNOS

" 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

.. .. 14 PROPELLER RESISTANCE R = 3.394 x 1"3' x x POUDS

15 HULL RESISTANCE = 06) (2) POUNOS 1147-
" 16 SEA STATE RESISTA1CE = R = 12) - (15)-@4 POUNDS

-, .. 17 TOTAL TOW RESISTANCE QR = . (12) POUNDS 413Zi8

-,



v7" -7-:°

..ALLULATIOI OF TOW RESISTANCE BY MIETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: LS"7 DATE: 2127174

t- BY: 12cS

ITEM
NO. DESCRIPTION UNITS

.,SHIP CLASS (AE, CVA, ETC.) Lsr-'I7,

2 TOW DISPLACEMENT, A (SEE TABLE 7) LOUG TOIIS 9?2.

3 FRONTAL WINDAGE AREA, AT SQ. FT.

4 TOW SPEED, VTOW KNO0TS

5 OIRECTION OF TRUE WIND FROM BOW, 9 DEGREES 5.

6 TRUE WIND VELOCITY, VWIND KNOTS

WIND VELOCITY COMPONENT VT ,, + x COS S KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT-

' 9 WIND RESISTANCE, RW - (3) x (8) POUNDS 769o

10 HYDROOYAMIC UNI1T RESISTANCE. r (SEE GRAPH 2) ".

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE.B)

12 HYDRODYNAMIC RESISTANCE RH = (2) x QO xll) POUNDS

. 13 TOTAL PROJECTED AREA OF PROPELLERS, A. SQ. FT. !s '

PROPELLER RESISTANCE Rp = 3.394 x ;13) x x POU14DS

15 HULL RESISTANCE = (1I - POUNDS

16 SEA STATE RESISTAIICE = R = (1"- Q5)-Ui) POUNDS
1,12 -

" 
(15-0

17 TOTAL TOW RESISTANCE = RT = + 12) POUNDS '// ,..

p "

i_., . * -...-.. ." -.' -- t *' .*.*.*p*,"*



, ." ' • CALCULATION OF TOW RESISTANCE BY METHOD USED IN US. NAVY TOWING MANUAL -

DATE 21,/1W
SHIP: 1.ST 1/7, DATE:

BY:-'

ITEM

! ." , NO. DESCRIPTION UNITS

1 SHIP CLASS (AE,-CVA, ETC.) ST-/_11

Z TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS 932 ,

3 FRONTAL WINDAGE AREA, AT SQ. FT. _ __

1. TOW SPEED, VTOW KNOTS 5

5 OIRECTION OF TRUE WIND FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT V +x COS KNOTS "I._/_ _'

. WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW - (3.) x (8) POUNDS o
10 HYDRODYIIAMIC UNIT RESISTANCE rH (SEE GRAPH 2) ,-

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH 2( x Qo l) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, A SQ. FT.

I4 PROPELLER RESISTANCE = Rp = 3.394 x 13) x x POUNDS ..

15 HULL RESISTANCE = (j6) x 2)- Q,) POUNDS 11971
16 SEA STATE RESISTANCE = R , (12) - POUNDS /

17 TOTAL TOW RESISTANCE = R T  (9"' + (12) POUNDS

T--a O

• ."~.

q :%,%N. *"'- . " : ' " " """ " .



CALCULATION OF TOWING RESISTANCE

SHIP: 157"-/17? x' 2///6 '/. DATE: 7 d-.

BY:______ _

ITEM
NO. DESCRIPTION UNITS .__J

I SHIP CLASS (AE, CVA, ETC.). /.._,_S - -1'

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) O

• .:'. 5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET /oF./'/

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) 3

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - o
10 RELATIVE W1111 SPEED, 'R KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH = @ x( x 1.25 POUNDS

17 PROPELLER RESISTANCE = Rp 3.737 x x x POUNDS

18 WIND RESISTANCE - R - 0.00506 xG x0 x @x x (i) POUNDS /" ..

19 TOTAL TOW RESISTANCE = RT + + + POUNDS +7(L6) +

T (L-) .' -

..... - . -- ___ __.___ __
. . . . . ..-.. : . ..



CALCULATION OF TOWIING RESISTANCE

SHIP: 11T7- //7? DATE: 2-7 ,'.

BY:___________

ITEM .

NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.), _..Sr- //7

TOW DISPLACEMENT, A (SEE TABLE-7) LONG. TONS g_3 z.

3 FRONTAL WINDAGE AREA, AT , (SEE TABLE 7) SQ. FEET 3 9, o

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) -Q 70

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET
p __,i___,__

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WItiD SPEED, V KNOTS .
S*"R

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE Rs, (SEE FIG. .16) -

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

* 16 HULL RESISTANCE- RH- X~ x 1.25 POUNDS

17 PROPELLER RESISTANCE - Rp - 3.737 x x 6 x POUNDS ZT86 '

18 WIND RESISTA14CE - Rw - 0.00506 x x (3D x @ xIO x 10 POUNDS

19 TOTAL TOW RESISTANCE - RT + (6 + (8) POUNDS

o - -°~ ....-.. -:... .



-., -. "-- - . . . . .. . . .. _ a " -- ,- . 7 , *- ., ' w.. . .. . - ,. .

• I MO LL - 0

CALCULATION OF TOWIIiG RESISTANCE

. SHIP: Ds.-//77 DATE: Zh-7"".',

SBY: I?62C

ITEI-TEM UNITS __________

NO. DESCRIPTION_ UNITS _-:"

I SHIP CLASS (AE, CVA, ETC.)

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) -w

5 TOTAL PROJECTED AREA OF PROPELLERS, A (SEE TABLE 7) SQ. FEET
p /0__ ,H_-_-

* 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) - 3

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, V KJ0TS 7 5ZVR  "- z

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K,. (SEE FIG. 13-15) -

!13 SEA STATE RESISTANCE Rs, (SEE FIG. .16) -

14 SELECT A TOW SPEED, VTOW K14OTS

15 RH/A (SEE FIG. 17) -- ;"

16 HULL RESISTANCE - RH = x x 1.25 POUNDS ZoL

17 PROPELLER RESISTANCE = Rp , 3.737 x ( x @ x 1 POUNDS

18 WID RESISTANCE R - 0.00506 x x x x x POUNDS
18 WN RSSANE, w _-67" "','-2

19 TOTAL TOW RESISTA1NCE - RT U3 + U6 + U7 + 8 POUNDS I

T.. ... .. ... ..

-" ; "',. . . . . .""* * . ."

-: . . _ . . '*.

I.' . ;-- .-. .. - . . • . . . .. .. -.,- . ',... ..... o-¢ ' .' . '- ', '-i ..-.-. , . __..__ -,,__ .____ -.- ,_-_ ,-..__ .'__ '._
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CALCULATION OF TOWI1G RESISTANCE

.'-" SHIP: _ZS /75 DATE 7

BY: £c s

ITEM

NO. DESCRIPTION UNITS ....

1 SHIP CLASS (AE, CVA, ETC.) .

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS .

3 FRONTAL WINOAGE AREA, AT, (SEE TABLE 7) SQ. FEET 3 yo

4 WIND DRAG COEFFICIENT, Cw  (SEE TABLE 7) - 0.70

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
p

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) - .

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS /08 7

R 

108
11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) 0 ,-q

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE - RH - x x 1.25 POUNDS

1 PROPELLER RESISTANCE IRp- 3.737 x x x POUNDS.

-- ,p ,- .,, ® X U@ x Q @ OUD
1OWIND RESISTANCE - R 0.00506 x x03 x @x x QDQ POUNDS

.... ~77) ..-
.19 TOTAL TOW RESISTANCE - RT - (L3 + +(,8 POUNDS .Z2 -7 "'"='

T 3 + L + "

•. .............................................



TABLE -6

CALCULATION OF TOWING RESISTANCE

*SHIP: L.S7 1171 D A T E :

ITEM

NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.). 4.5.L7-/17

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS /3Z
3 FRONTAL WINDAGE AREA, AT (SEE TABLE 7) SQ. FEET

4 WI1D DRAG COEFFICIENT, C (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)L

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rt (SEE TABLE 7) F

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) .-

10 RELATIVE WIND SPEED, VR KMOTS

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) - -r

13 SEA STATE RESISTANCE R. (SEE FIG. -j6)

14 SELECT A TOW SPEED, VTO K1OTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH H/, xEx 1.25 POUNDS

17 PROPELLER RES I NSTACE R 3.737 xEx G x PN 101/03

18 WI ND RESISTA1CE - Rs, 0.00506 xE TAXx 03 X @ POUNDS

19 TOTAL TOW RESISTANCE - RT T E" POUNDS

4T



,:. ;;'~CALCULATION OF TOWING RESISTANCE '--.

SHIP: 4S-7" 1/79 DATE: ." "-

. BY: )ec

ITEM
' ... NO. DESCRIPTION UNITS __.____

1.- I SHIP CLASS (AE, CVA, ETC.) . ,"_-_!7 !.....7

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

- ' 4 WIN1D DRAG COEFFICIENT, C , (SEE TABLE 7) -

: " 5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
p ___.__/f_

V.. 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) ,

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -- -:
- 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

;,

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS -'
R . . 7

11 RELATIVE WIND DIRECTION, m DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

" . '13 SEA STATE RESISTANCE Rs, (SEE FIG. 16)"~~~ If ' O op "

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) -

% 16: HULL RESISTANCE = RH x @x 1.25 POUNDS

. . ,17 PROPELLER RESISTANCE - Rp 3.737 x x 104 x POUNDS

, 1 WI1D RESISTA1CE - Rw 0.00506 x® x® x @x ( o g POUNDS

. 19 TOTAL TOW RESISTA1NCE - RT POUNDS

* .F*

T 3 6/ .+ --"7"-



*411.7 1-

CALCULATION OF TOWING RESISTANCE

~; SHIP: 1,57 11/72 DA TE-: 1 Z4

BY:

ITEM
S NO. DESCRIPTI ON UNITS

I SHIP CLASS (AE, CVA, ETC.).

2 TOW DISPLAC'EMENT, A (SEE TABLE-7 LONG. TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 -WIND DRAG COEFFICIENT, C, (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A~ , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RES ISTANCE, RH/, (SEE TABLE 7)-

7, CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7)

* 8 CURVE NUMBER FOR SEA STATE RESISTANCE, R5, (SEE TABLE 7)

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8).

10 RELATIVE WIND SPEED, VR KN~OTS

11 RELATIVE WIND DIRECTION, DEGREES

* 12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RES ISTANCE R, (SEE FIG. 16)-

1' 4 SELECT A TOW SPEED, VTO KNOTS

15 RH/A (SEE FIG. 17)

16.- HULL RESISTANCE -RH x xiX 1. 2- POUNDS

17 PROPELLER RESISTAN4CE - R~ P 3.737 x(@ x 14 x (iS POUNDS //i

IS1 WIND RESISTA14CE - R w 0. 00506 x®G x ( x @ x ii x 10i) POUNDS

19 TOTAL TOW RESISTAN4CE -RT i)(6)U 8 POUNDS

A.



-4 . p *. . .-- - - - -- .- ,-. .- -; - - --. . ;- , . .. . ;..-.. .,-.; ". .. . . ",

, ,.LAULAIION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

":DATE: 7/17/,e
SHIP: C -2 /J " r'a #,r ,L, R/4iq

BY: AC .5'

ITEM
: . NO. DESCRIPTION UNITS

S ." I SHIP CLASS (AE, CVA, ETC.) .' -25

2 TOW DISPLACEMENT, 4 (SEE TABLE 7) LONG TOlS 9'10L
.r'

3 FRONTAL WINDAGE AREA, AT SQ. FT.

" TOW SPEED, VTOW KNOTS

5 OIRECTIOl OF TRUE WIND FROM BOW, e DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS C

7 WIND VELOCITY COMPONENT VT - ( + x COS(j] KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

. WIND RESISTANCE, RW  (3) x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2)-' '. '_ _ _ _,__ _ _ _ _ _" -__H__

Ii SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8)

12 HYDRODYNAMIC RESISTANCE RH (2) x QO) x'") POUNDS 77 ?_:l

. 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT. .,,-

14 PROPELLER RESISTANCE - Rp 3.394 x ;13) x x , POUNDS qo "'/°

15 HULL RESISTANCE 0(1) x )- ,(., POUNDS

16 SEA STATE RESISTANCE - R = (1" " 5)-1 POUNDS

17 TOTAL TOW RESISTANCE - RT = + (12) POUNDS /7.5 ;6

s. ,6e

. . .......... 4 * . * I , , ., . . . . . . . - . . . , ... .. ., .- ,,4 _,
• , ._., _.,; . .. . . , -.. • -.. . 4. * - .' .S.* , : . ,"' - .. . . . .



.Y 1;THOD USED IN U.S. NAVY TOWING MANUAL

• .i.DATE: /Z "-'7.'
SHIP: C /AH-_s

BY; ZS*

I TEM
NO. DESCRIPTION UNITSI : .,• ______________I

I SHIP CLASS (AE, CVA, ETC.) r- )--T

2 TOW DISPLACEMENT, 4 (SEE TABLE 7) LONG TOI.S ,'A -

-, 3 FRONTAL WINDAGE AREA, AT SQ. FT.

4. TOW SPEED, VTOW KNOTS

" 5 OIRECTIOII OF TRUE WIND FROM BOW, e DEGREES o

6 TRUE WIND VELOCITY, VWIND KNOTS .5

7 WIND VELOCITY COMPONENT VT + x COS KNOTS .

8 WIND PRESSURE P, (SEE GRAPH 1) LBSISQ.FT

9 WIND RESISTANCE, RW - (3) x POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH. (SEE GRAPH 2)

11 SEA STATE CORRECTION FACTOR KI (SEE TABLE 8) --

12 HYDRODY14AMIC RESISTANCE RH , () x .°!, xl) POUt40S

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE * Rp - 3.394 x ;13) x(G x Q POUNDS

' 15 HULL RESISTANCE - I0) x 2- POUNDS

16 SEA STATE RESISTANCE , R, , 112) - (15)-0 POUNDS , .?0"

:* . 17 TOTAL TOW RESISTANCE , R.. S + (12) POUNDS

*.o. * 4' . . .. * * * * ... . . .

• . . . . .,- .-, -'. .. . . . . .. . . . . ..: ...,.,,..--": ::. ,



7- ---- - .----.-- *-

CALCULATION OF TOW RESISTANCE BY tPETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: C.A/- 2r DATE:

".:' , BY: ,iC .

I TEM
NO. DESCRIPTION UNITS

.. SHIP CLASS (AE, CVA, ETC.) c,-Z,5

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOIS 9 "0

3 ,FRONTAL W4INIDAGE AREA, AT SQ. FT.

4 TOW SPEED, VTOW KNOTS

5 DIRECTIO14 OF TRUE WIND FROM BOW, e DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

WIND VELOCITY COMPONENT VT I + 17s (0S NOTS/_""

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT. ,.

' 9 WIND RESISTANCE, Rw - 3" x(.8 POUNDS

10 HYDRODYIIAMIC UNIT RESISTANCE ri (SEE GRAPH 2) -
-

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8)

12 HYDRODYNAMIIC RESISTANCE RH (2) x (2 i xtI1) POU1DS

. 13 TOTAL PROJECTED AREA OF PROPELLERS., Ap SQ. FT.

14 PROPELLER RESISTANCE , Rp - 3. 394 x "13) x x POUNDS

. 15 HULL RESISTANCE 0() x (Z2) - (14) POUNDS

16 SEA STATE RESISTAN4CE - R, - ("2 - (15)-14 POUNDS

17 TOTAL TOW RESISTANCE - RT ( 9 , + (12.) POUNDS

1'=l" -

• °.. • -.'°-



*CALCULATION4 OF TOW RESISTANCE BY IETHOO USED IN U.S. 14AVY TOWING MIANUAL

* ... SHIP:DATE, ZU17

BY: )2 cs

* ITEM
A ~- NO. DESCRIPTION UNITS _____ .

I SHIP CLASS (AE, CVA, ETC.)____

2 TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS 9590

3 FRONTAL WINDAGE AREA, AT SQ. FT. _I__oIto

4.~ TOW SPEED, VTOW KNO0TS

5 DIRECTIONJ OF TRUE WIND FROM BOW, 9 DEGREES I Z6 3 YI
*6 TRUE'WIND VELOCITY, V1 1N KNOTS

WIND VELOCITY COMPONENT V T + ~ L)xCS() KNO0TS

8 WI1ND PRESSURE P, (SEE GRAPH I) LBS/SQ.FT I

9 WINO RESISTANCE, RW POUND(S

10 HYORODYIIAMIC UNIT RESISTANCE r (SEGAPH 2) -

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) -

12 HYDRODY14AMIIC RESISTANCE RH -(2) x QO) xlii1*) POUNDS 5' !-

13 TOTAL PROJECTED AREA OF PROPELLERS, A~ SQ. FT.

11. PROPELLER RESISTANCE -Rp - 3.394 x ;1 3) x® x POUNDS

15 HULL RESISTANCE =(io) x c2) 4) POUNDS

2 16: SEA STATE RESISTANCE =R~ - 02) -. (5)-@D POUNDS

17 TOTAL TOW RESISTANCE -RT - .', (12) POUN4DS

AM-



. - CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: DATE, . .-

BY:

I TEM,
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) Al-Z,

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS 'O

3 FRONTAL WINDAGE AREA, AT SQ. FT. ,

- 4 TOW SPEED, VTOW KNOTS

5 DIRECTION OF TRUE WIND. FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

WIND VELOCITY COMPONENT VT 0 L)..L)xCS(5j NT

- 8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

• '- 9 WIND RESISTANCE, RW (3"1 x (") POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH O P xU"". . - . l.)PUD
13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

•. l PROPELLER RESISTANCE - Rp - 3.394 .1"3) X POUIOS z

15 HULL RESISTANCE = x (2) - (Q" POUNDS

16 SEA STATE RESISTANCE = R = 12) - (:15) - POUNDS

... •17 TOTAL TOW RESISTANCE = RT - (9, + (12) POUNDS . iZ....

....... .. . . . . . ... 7



----.-

CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL
J, . itJ H• "

:;-:-2~~~ DTE: Z//// ,:-:
SHIP:- t'_ /- -

... .,,BY : 12c'

ITEMI
NO. DESCRIPTION UN ITS

". 1 SHIP CLASS (AE, CVA, ETC.) C6/5 -Z" .

. TOW DISPLACEMENT, 4 (SEE TABLE 7) LONG TOlS 5g .-..

3 FRONTAL WINUAGE AREA, AT SQ. FT. __________

4. 4 TOW SPEED, VTOW K-TS

.. ,. 5 OIRECTION OF TRUE WIND FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWINO KNOTS

7 WIND VELOCITY COMPONENT VT + @ [ X COS (] KNOTS q

81 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT .

9 WIND RESISTANCE, Rw - (3) X (8) POUNDS

- - o HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2),." .. :.:;;. - rH , .. .:[] !

I1 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) ""

S. 12 HYDRODYNAHIC RESISTANCE RH - (2) x 91 x 1) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - Rp - 3.394 x 1 x x POUNDS Z '.

15 HULL RESISTANCE = (i0 x - POUNDS

16 SEA STATE RESISTANCE - R - (.1"2) -(15)- POUNDS

17 TOTAL TOW RESISTANCE - RT 9 + (12.) POUNDS 7/ ..

................. .



S .. 
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-' CALCULATION OF TOW RESISTANCE BY mETHOD USED IN U.S. NAVY TOWING MANUAL

• "-.- ,/-,-DATE:
SHIP: C2A

" ', , BY: .-...

ITEM
NO. DESCRIPTION UNITS

I:' 1 SHIP CLASS (AE, CVA, ETC.) .- ,

2 TOW DISPLACEMENT, 4 (SEE TABLE 7) LONG TONS 8s-a

3 FRONTAL WINDAGE AREA, AT SQ. FT. o

• ... 4 TOW SPEED, VTOW KNOTS

5 OIRECTIO1 OF TRUE WIND FROM BOW, e DEGREES /o/o
6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT = + X COS 05 KNOTS

. WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT

.- WIND RESISTANCE, Rw 3) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

• 2" 12 HYDRODYNAMIC RESISTANCE RH = ( 9) l x (.II) POUNDS

* ,- , 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE = Rp - 3.394 x '13) x( x @ POUNDS 202."-

15 HULL RESISTANCE = (i0) x C2)- . POUNDS 20?37"

" 16 SEA STATE RESISTANCE R 1 ( 15) - POUNDS 2'171/

17 TOTAL TOW RESISTANCE , RT-r "  (12) POUNDS _,___"-_

* .- * . *o.** . .

- .... '.. .. .. . .. .. . .. . .. .. . .. .. . .. .

-.° *. , 2.'... % =X



I/4IL - 0

CALCULATION OF TOWING RESISTANCE

SHIP: ( I/'- Z5" DATE: .0221;

BY: C'

.~'.'* ITEM
NO. DESCRIPTION UNITS _._

I SHIP CLASS (AE, CVA, ETC.) .

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG. TONS g "".

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET -

4 WIND DRAG COEFFICIENT, Cw  (SEE TABLE 7)SIM . . 70,.-.

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap , (SEE TABLE 7) SQ. FEET 238.-

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) 3

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16)

14 SELECT A TOW SPEED, VTOW KNOTS /0

15 RH/A (SEE FIG. 17)-:.. ,'" q. 75"'.

.16 HULL RESISTANCE - RH ?x .21 POUNDS . ."

17 PROPELLER RESISTANCE - Rp , 3.737 x( x 6 x POUNDS

18 WIIND RESISTANCE - R w 0.00506 x® x0 x @x ( x POUNDS
.'" ' ,' I0 77"-

19 TOTAL TOW RESISTANCE " RT + "I .8+6)+(+ POUNDS

.)

-% . *

. % ... .... -.... , .. . . . . . .., -..: ... . -. . .A. ..-.--., : -i v 4 . ..........< ....- , , : , , -..., ..: .: .: .-. : ,
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IAOLL -

. CALCULATION OF TOWING RESISTANCE

SHIP: Dj/- DATE: 1/I/2-

.BY:

ITEM
,,2 ". NO. DESCRIPTION UNITS _-______

I . 1 SHIP CLASS (AE, CVA, ETC.). C6 Al -Z.5

• 2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG. TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIIID DRAG COEFFICIENT, C , (SEE TABLE 7) _ 70-
. a., ,-.7 .

5 TOTAL PROJECTED AREA OF PROPELLERS, A, , (SEE TABLE 7) SQ. FEET 3

6 CURVE NUMBER FOR HULL RESISTANCE, RH/&, (SEE TABLE 7) -

- .. 7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7)

CURVE NUMBER FOR SEA STATE RESISTANCE, R (SEE TABLE 7) - 3

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R, (SEE FIG. 16) - - --

14 SELECT A TOW SPEED, VTOW KNOTS

" 15 RH/A (SEE FIG. 17)

16. HULL RESISTANCE I RH I 3 xQx 1.2- POUNDS

17 PROPELLER RESISTANCE I Rp - 3.737 x x 1 x POUNDS

W 18 WIlD RESISTAN4CE - R - 0.00506 x G x 03 x ( x POUNDS -'.-.:

,'. 19 TOTAL TOW RESISTAN4CE RT - U POUNDS
ILT

"". L

.

• ". . . . . . . . . .



'MUL 
- U

CALCULATION OF TOWING RESISTANCE

SHIP: A/- ZS DATE:

::,,. ;.:. ~BY: 'e'"-. --

ITEM
.'* -.. .. NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.). .- .Al.-7<

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS B58.

-, 3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) -o-7" "' - .7 , :L
t... 5 TOTAL PROJECTED AREA OF PROPELLERS, A (SEE TABLE 7) SQ. FEET. . -p',.__ __"_

..- 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7)

9 BEAUFORT NUMBER (WIND)- (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEAD.ING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R (SEE FIG. .16) .

• , 14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) -

16. HULL RESISTANCE = RH = x 1.25 POUNDS q-7
" . i . '

17 PROPELLER RESISTANCE , Rp - 3.737 x(D x 1 x 57t)POUNDS 6

18 WIND RESISTANCE- Rw  0. 00506 x x x @x D* x 100 POUNDS. ,. , - 7__..,,_

' 19 TOTAL TOW RESISTANCE R (L 3)- "I(6+ ,)+ POUNDS

.. .'.." .,,-

• . . . ..... ' *. . . %

/ . * .J.% -5.5
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CALCULATION OF TOWING RESISTANCE

SHIP: c,,. 2" DATE:

i • "" BY: PCS
. ,. -'+

. . " ITEM"
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) .//- zs
. '. 2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG. TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4. W1ND DRAG COEFFICIENT, Cw, (SEE TABLE 7)
Sa-70

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
p Z38_____A

3...!:; 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) !

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) 3 :9<1

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS /0.7

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) .

13 SEA STATE RESISTANCE R , (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTO , KNOTS

15 RH/A (SEE FIG. 17) -. .,, . ,, 3 . 0 3 , ' -"

16 . HULL RESISTANCE , RH - ® x x 1.25 POUNDS 97-1/97

17 PROPELLER RESISTANCE R " 3.737 x x 10 x POUNDS

I1 WI1D RESISTA14CE - Rw - 0.00506 x x x @x x POUNDS

19 TOTAL TOW RESISTA1ICE. Rt ) ( 6) +i 7)4 J8 POUNDS

19 T 3 .47

- .? %"% 
%

., .-.- .'- r J '- .-.'..
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CALCULATION OF TOWIIIG RESISTANCE

SHIP: (" A/" DATE:

BY: "..

ITEM
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.). C6AI- 2.!7

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 W1I1D DRAG COEFFICIENT, Cw, (SEE TABLE 7) -

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET 238.4
p 238.6____

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) '

7 CURVE NUMBER FO WIND FACTOR, K, (SEE TABLE 7) _

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) "

_':" 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WItND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) .

13 SEA STATE RESISTANCE Rs  (SEE FIG. .16)

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) "

16 HULL RES ISTANCE -RH x 1jj 25 PUND

17 PROPELLER RESISTANCE n Rp - 3.737 x@ x x POUNDS 2Lz,/

1d WI1D RESISTA1,CE ,R 0.00506 x x(0 x @x ox POUNDS.: , 7~13 71 :::,
19 TOTAL TOW RESISTAN4CE - RT - +I+ POUNDS i3 i / "'OUD

TC + (. +P 8

." . °% °°, -'



CALCULATION OF TOWING RESISTANCE

* . SHIP: - _. DATE:

- BY: AC"

ITEM-
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.). d .T

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET _3,d

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs t (SEE TABLE 7) - 3

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) (o

10 RELATIVE WIND SPEED, VR KNOTS .

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) .

* 13 SEA STATE RESISTANCE R (SEE FIG. 16).-,s' - r ,' ..

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) - /?, -

16 HULL RESISTANCE , RA xx 1.25 POUNDS1

17 PROPELLER RESISTANCE , Rp - 3.737 x x G x G POUNDS

18 WIID RESISTA14CE R 0.00506 xo x(3 x @x 100 x QDi POUNDS

15 TOTAL TOW RESISTA14CE , RT + 6 +(U7+i8 POUNDS

T -3.. .. ".

:... . . f .? . . ..% -. . ... %.. • . . .-. . . ...*, . ;~ .., ,, • ,,,,#. .,* .,-., ....,.. ,, I.. ..*



CALCULATION OF TOWING RESISTANCE

SHIP: /-_ DATE: 3"'

• .-,BY: 2 cg

ITEMUNT ___ _

NO. DESCRIPTIONUNT

S SHIP CLASS (AE, CVA, ETC.). r-_ 6 A--

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET-

A 4 WI1ND DRAG COEFFICIENT, C (SEE TABLE 1)-

5 TOTAL PROJECTED AREA OF PROPELLERS (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RHA, (SEE TABLE 7)

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)T L T

S8 CURVE NUMBER FOR SEA STATE RESISTANCE, R (SEE TABLE 7) F

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -"6

10 RELATIVE WIND SPEED, VR KNOTS

11 RLATIE WND DRECTONDEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)"'

-~ ~~ 1 SE STAT . CR E BEFO HURESISTANCE HA (SEE TABL G. --1--)

14 SLECTA TO SPED, VKNOTS

.: 7 CU5RVEA (SHEE FG. 17) FCOK,(E AL 7 ....

16 HULL RES ISTANCE RA x ~x 1 .25 POUNDS

17 PROPELLER RESISTA1NCE - R E A 3.737 x x ( x G POUNDS 77-91-W

18 W1ID RESISTANCE - R = 0506 INx 3 @ TIx N, POUNDS

- 19 TOTAL TOW RESISTANCE - RT 3 ( Q6. +6)7 + 8 POUNDS
' a" .°T

...--.
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SCOPZ

To examine hull forms of Transportation Corps equipment ~
with a view toward improvement; to evaluat, hull forms, by
model treuts and operating experience, for operating conditions
of existing standerd TO floating equipment, and of items
sel~ct 44 for future use; to explore simplified ball forms In
order to combine good performance with ease of 3production.

barges, and supply vessels during World War 1. Many of
theme hulls, produced under the stress of wartime conditiona,
lackced the benefit of model testing and ref inement of hall
design.- The hull-forms project was initiated to determine
which of these forms were satisfactory as designed, and what
Improvements could be made to the poorer forms to meet oper-
ating requirements annex L.A

Eight existing TC barge forms were selected for model
teat. to determine their resitance and yaw characteristics..

* Two new forms designated 31X 10 and 13X 11 were designed and
tested to replace forms of the original designs which were b

.unsatisfactory. * Additional data for comparative porposes
were obtained from existing TO Board designs 7002 and 7003
(annex 1.-B).

The 12 model tests covered by this report were condazted
in two model-testing basins, one located at University of
Michigad and the other at the Stevens Institute of Technologr
(annex I.-C).

Model testing and expansion of model results In this
report are in conformance with the approved standards set
forth by the Society of Naval Architects and Marine Engineers
Sydromechanics, Subcommittee (&axes I.-D and I.-3).

A comparative analysis indicates that TO barge designs
* rang from the best to the poorest encountered in commercial

Spractice. Generally, those barges which bad long rakes flow-
-A ing amoothly'into the parallel middle body had the lowest

relative resistance ratioso (annex I.-P)-

EESRICTO

w~tha vew owed ovmen; t evsl~t Iform, b , -',
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CONCLUSIONS

It in can,-uded thats

loOf the barg modela tested, from a towing-reaistanoe stand. -.

point, the following designs are unsatisfactoryt 267, 338 3, 417 So
430, and 380. The following designs are considered satistatorys 230,

S231 A, 7001, 7002, 7003 EX 10 and U 11.

It Is reoomended thats

1. Results contained In this study be adopted an a guide for the
development of barges for the standard TO fleet.

2. Barge designs 267, 336 B, 417 Sp md 430 be declared obsolete.

3. Barge design 380 be retained in its present olassification of

* limited standard until present stocks ar~e exhausted.

ft.i

At.1.7j
RZSTRICMZ

* . . ,,%..*



RESTRICTM F

Designs of military barges ire usually restricted to some extent,
4iing to stipulated dimensions of length, beam, and draft, therefore,
attempts to lower resistance must be confined to proportioning and
shaping the rake ends (annez I.-G).

Compari~son of performance of barges with and without skegs indi- I 2.
cates that barges equipped with properly designed skegs eliminated yaw.
and increased directional stability on the majority of models tested
(annoes I.-H and 1-)

RESTICTED



DETAILED DISCUSS ION AND FINDINGS

Bakground "
The development of barge hull forms to their present stage of

design runs parallel with the commercial development of the inland
waterways of the United States, -;

The first rafts of logs poled down the Mississippi gave way to
wooden barges lashed to steamboats a: early as 1832 (4)*, and by the

lat seentesflots f brge wee i geera us..With the devel-
opment of the iron and steel inaustries the movement of coal increased
in import&nce,and flatboats, which had been too cheap to warrant return
upstream, gave way to more permanent types of barges. In the period
between 1910 and 1920, steel was introduced as a hull material, but
the construction methods employed produced barges which could carry

* only a limited cargo, owin to an excess of internal structure (6).

In the Rivers and Harbors Act of 1910, Congress authorized the . -
• Secretary of War to design and construct two experimental towboats#

with a suitable complement of barges, for towing and delivering sup-
plies along the Mississippi River and its tributaries. A board ap."- pointed by the Chief of Engineers made'& thorough study of all -available design and operating information, and conducted a series

of model and full-scale trials of towboats and barges. The resulting
published data (3) (9) constituted the first step in the improvement

. of barge hull forms for river transportation.,

River traffic decreased sharply in 1914 and 1915. In 1918, a
large portion of the river tonnage was destroyed or carried away by
ice floes which filled the rivers. But in the early twenties, the
Goverment sponsored programs for the canalization of the Ohio River,
and established the Federal Barge Line. These advances were followed
by projects for the improvement of the Upper Mississippi, the Missouri,
the Tennessee, and the Illinois Rivers. Forerunners of the modern
common-arrier barge line appeared, and the improvements discovered
in the studies of 1910 to 1915 were put to use. The Corps of Engineers
Towboat 3ard was reorganized in 1928, and a complete analysis was
made of the latest pr ctice in water transportation on the Mississippi
and its tributaries ().

*Nee: Numbers in parentheses refer to technical references listed in
appendix V.

RESTRICTED
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A- .- (contd) RESTRIC.TM

During the period between 1930 arn World War II, barge operators
:dbuilders began to utilize model-toiting basins for the improvement.

of individual barges and flotills. With 'the increase in industrial
activities in the Gulf statet, the movement up river or large oargoes
stesadily incroeasd, and reduotions in barge resistance became inores-
ingly important.

Dovelopment* on the inland waterways have improved no.t only the
performance of river barges, but canal, harbor, and seagoing barges
have also shown the effeots of these design ohanges. Barges now in
existence have been espeoially designed f or movement of a large va-iety
of cargoes. Weatherproof covered barges, tank barges, merohandise
carriers, automobile carriers, and many other types are operating
commercially. The entire iniand and intracoastal waterway system,

S with dependable river stages and efficient towboats and barges, is
now an etremly import4nt faotor in the ation' s transportation system.
A surrey of the barge forms designed, built, and operated by the
Transportation Corps during World War II disclosed the fact that the
design of military craft of this type lagged considerably behind the
developent of similar omneroial equipment. Some of the existing TO
barges contained construction. feaures whtch are entirely outdated,
and forms which have been coumroially obsolete for a deoade.

10

1..
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Selection of barge hulls for testing

At the time the Transportation Corps Board barge-testing pro-
cram was initiated, the selection of bull forms proved rather
difficult,. go standard TO fleet had been defined, and the choice

be efniel pedctd.Of the wide rag f ye of barges
avalabe, heBarge, Dry CroIn-opleSteel,.70Tn

210-loot, Dein2J1,adBre ekCro on-Propelled, Sel
585-Ton, 2. otDsg 231 A, appeared similar-:to representative
types of successful commercial barges, and th otlikely to be
included In a standard TO fleet, Aside from theme two designs,
there seemed to be no outstandingly good bulls with the possible
except ion -of Barge, Dry Cargo, Steel, 130-loot, Design 267. This
130-foot cargo barge bad been designed with rather c omplicated
foivard raice-end sections which, if jlustified by maricedly lower
resistance characteristics, might be considered as a future
standard design.*-.

During World War 11, there varn an urgent need for small harbor
barges which could be shipped overseas in a, compact form, Barge#

* -Dry Cargo, Ion-Propelled, steel, 375-Ton, U12-7oot, Design 4130,
Knock-Down is representative of the solution evolved at that time.

I. Although barges of this type were not entirely successful, owing to
assembly difficulties, it was desired to compare the hull forms of

*this design and the more recent development along these lines such
as Barge, Deck Cargo, 'Non-Propelled, Steel, Sectionalized, Nesting,

* * 81-Foot, Design 7001.

In order to round out this -series for comparative purposes,
*tbree other barges were selected: Barge, Pier, Iron-Propelled,

Steel, 150-loot, Knock-Down, Design 380, a pier barge with an extreme-
l.y large beam-to-length ratio; Barge, Deck Cargo, Non-Propelled,
Wood, 700-Ton, 130-loot, Design 336 3; Barge, Cargo, Steel, 112-loot,
Design 417 S. a fine-ended barge representing the so-called
nsim~lified form."

In addition to the above halls, contracts were issued for the
design of Barge, Liquid Cargo$ M~on-Propelled, Steel, 9000 Bbl.. 195-
Foot, Design 7002, and Barge, Dry or Liquid Cargo, Jon-Propelled,
Steel, 500-Ton, 130-loot, Design 7003, which both called for model.

L tests*

Test results for designs 7002 and 7003 have been included in the
analysis. Further developments to be described later indicated the
need for replacement hi36l forms for a 112-foot and a 130-foob barge,

L which are included as Z1 10 and BI 11.

RESTRICTEDJ
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AhMwXI~ .- B (coutd)

The above desi-na were selected for model testing in order to
determine which hulls were satisfactory for further use by the Trans-
portat ion Corps, and to secure basic design information which would -

* prevent repetition of the mistakes made in barge procurement in World
W7ar 11.

or]=
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S""Model-testing tanks

The twelve model tests covered by this report were carried out
in %wo model-testing basins. Designs 267, 430, 336 3, 1,17, BX 10,
and BX 11 were tested in the Naval Tkak at the University of
Michigan. Designs 7001, 70029 7003, 230, 231 A, and. 380 were
tested in Tank No. 1, Experimental Toying Tank, Stevens Institute
of Technology.

In the 22-bY 300-foot Naval Tank, Models are towed under a
carriage running the length of the basin on rails fitted along each
side. A motor, which is mounted on the carriage, propels- it at con-
stant speed.

The Stevens tank No. I is 9 feet by 100 feet. Models are
towed by a dynamometer riding on an overhead central rail. The
dynamometer is propelled by means of a contiuous vire running
along the rail and around a motor-driven palley. A do motor Is
used to bring the model up to constant speed, and an a0 synchronous
motor mounted on the same shaft is cut In to tow the model at
constant speed down the tank.

In the prediction of full-scale resistance values, :the model
results of both tanks are equally reliable. In the prediction of
full-scale yaw obwacterietics, however, the larger size and type -. =

-of cwriage pwopulsion of the Naval Tank nermits, to some extent,
the quantitative evaluation of yaw, vhereas the yaw results of the
Stevens Tan are qualitative only. In the Naval Tank, the model
can swing freely through its fall amplitude of yaw throughout
several cycles. The smaller dimensions of the Stevens tank No. 1
do not permit full swing of a badly yawing barge, and it is seldom
that a model can complete more than li cycles. In addition, the
cutting in of the synchronous motor often accelerates the model
abruptly. If the model is not heading straight down the tank at
this instant, the first sving is overemphasized. Tims the
correction of yaw in this tank can be considered satisfactory for
full-scale predictions, but uncbrrected yaw cannot be measured with
accuracy.

,.*- I 11S .: -.

....
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AM= I.-D

3zpamsio of model.Tesult.

The expansion of all model results covered by this report has been .

in confarmane with the latest standardx set forth by the Soiety of Zravwul
Architects end Marine Engineers Nyd'omehuaics Subcommittee, Bulletin 1-2.
The Schoenheyr friction fo ulatien wa used fer both medil and fall scale.
A constant addition of 0.0004 was made to the frictional-reistane cot-

eficient fe reughness. All fil-sals predictions ere based en Immerien
in salt vater at 150 (seF).

It ha been the practice at the N&7al Tank, in the eipeasion of
results of models with major appendages such as barge skegs, to add to the
bare-hull results only 50 percent of the additional resistance incurred
by the use ef ekes. This apparent departure from Fioude's law ef oempar-
Lien may have some merit ewing to the fact that velocity past the skegs
dffers from barge velecity. However, no reliable full-scale barge tests
have been =ads to justify the use of a definite percentage of the skeg
resistance. Tests on Thames barges reported by Baker (5) showed close

Scorrelation between model and f ll-scale tests with no scale correction.
All expnsions covered by this report have included the fall resistance

-,-of the model skeg.

-14
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Model teats

* Contracts placed with the Naval Tank and with the Experimental
T-Aing Tank for the eight barges originally selected (designs 7001,
231 A., 230, 380, 267, 130, 417 S, ad 336 3) called for resistance-
tests and. yaw tests at three displacements for each baerg. Al-
terations were to be made to each hull to lower resistance and reduce
yaw, and, the altered models were to be similarly tested. The basic
resistance and yaw tests were completed in accordance with rhese re-
quirements, and the plotted results, together with the rake profile
and body plans of these vessels are shown In figLures 31 through 80
inclusive of appendix 111. A description of the alterations mad
and discussion of the performance of each form follow.*

Design 7001 (fig 1U, app III.)*

This 81-foot barge was designed specifically for sectionali-
sation and nesting of the Individual sections. The hull form has
necessarily been designed to meet these requirements. However, in
spite of the restrictions to shaping of the hull, the resistance of
this barge is quite satisfactory (fig 23)0- When towed behind a
single line, a distinct tendency to yaw was demonstrated. This was

. - overcome to ame extent by towing with a bridle. Because of the
design restrictions, no alterations were attempted to improve re-
sistance or yaw characteristi c,

* Design 231 A(fig 2k)

Ir a simply sbaped, symmetrically ended hull form, this 120-
foot barge showed exceptionally low resistance characteristics (fig
2e). -ee alternate bov-and-stern combinations with considerably
more shape than the original rake ends failed to reduce the resistance.
Rounding off of the bilges to a 12--inch radius showed no Improvement
over the original 1-inch radius.- The sinle centerline skee, however,
proved to be entirely ineffective in preventing yaw, which was un-
controllable in the model basin. The substitution of two outboard
plate skegs with prisms at the after ends (fig 2C) was required to In-
sure directional stability. The total resistance was thus considerably r
increased (fig 2D)* .-

Design 230 (fig 3) ;;

. This 210-foot cargo barge had the lowest resistance characteristics
* . of all barges tested (fig 33) owing to the ship-form bow. The yaw was

*satisfactorily corrected by the Ingalls, a pyramid-type skeg, but with a*
* prohibitive increase in resistance. By the substitution of plate skege

with prime (fig 3) the yaw was corrected with a definitely lower
.resistance penalty (fig 3D).

" *lote: All figares (except figu r 1) referred to in this report are
.. shown In appendix 11.

15 .-
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All=~ I.-Z (contd)

Do Deign 380 (fig 4A)

This 150-foot pier barge has a fairly high resistance (fig iii), which
* could be reduced 15 to 25 percent by shaping of the forward rake-end

bilges. However, as this barge wouldi seldom be used for actual towing,
* the reduction in resistance would not Justify the added construction cost,

In the even-keel condition, this barge bad an uncontrollable yaw which
could not be reduced, even with the addition of tbree plate skega with.
prisms. Additional tests-proved that directional stability could be re-
stored by operating with a bridle, and -with approximately 1 foot of trim.
Little increase in resistance was Indicated when operating urder tbese K
cornditions.

De sign 267 (fig6 5u)

This 130-foot steel barge bas favorable resistance characteristics
which have been obtained by a complicated bow design, Proms a resistance
standpoint the vessel is satisfactory, but the additional cost of con-
struction required appears unwarranted. The curves of total resistance,
are given In figure 3B, and curves of yaw amplitude In figore.3C, te

* -barge as designed is directionally unstable.

* Design 430 (fig 6L)

The knock-down principle employed in the construction of this 112- I

foot steel barge necessitated to some extent the abrupt form contours.
The resistance penalty of this barge (fig 6B) was tremendous, its resis-
tance being the highest of all barges tested* The'directional stability
without the use of ekegs was exceptional (fig 60).

* Design 417 S (fig 7A)

This 112-foot steel barge of the "sraght-.emet form also showed
a high resistance for the amount of cargo carried (fig 73). The vessel
was directionally unstable (fig 70); hand-operated rudders of the type
used on this barge are gutirely ineffective In overcoming yaw,

Design 336 3 (fig 8A)'

This 130-foot wooden lighter barge had a very high resistance (fig. 83).
owing chiefly to the paneled construction used on the sides. The vessel
could not be considered directionally stable, but the yaw amplitude was
not t oo gresat (f ig 80).

* Design ]a 10 (f ig 11k)

Because of the unsatisfactory performanc of designs 4~30 and 17 S.
*It was felt that there would be no advantage in altering these hulls,

Professor L, A, 3aier of the University of M~ich%=a agreed to submit a
new *straight-elezaent form" design, embodying in general the over-all
dimensions and tonnages of these two barges. This form, designated 31X 10,
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WasB tested with and without uicege (figs 113, liC) * and showed ecop
tionsi-y good perfrmm. Although the skogs increased the resistance

*considerable,. yaw wax completely eliminated,

Desig, 3 1 (fig 12)

Owing to the high construction cost expected for design 267 and the
high resistance of design 336 3, a Nstraight-elemat foram replacement was
designed by Profesmor Bair, This. barge also had a lo rosistacce, and
complete directional stability w&s attained (figs 123, 120).

Design 7002 (fig 9A)

This 196-foot steel barge was recently designed by the TO Board as a
liquid carrier. The easy forward rake ad the forming of the deck line
forward ad aft give exceptionilly- low resistance, The model testing of
this barge was accomplished unaer Its design contract, and the data ob-
tained cover only one dop-woater test which can be.compared with other
barge tests (fig 93). The barge wa directionally unstable when tested
with designed skegs, and the substitution of the skeg shown in figure 9.
is recommended. The additional resistance incurred by this skeg would
frobably lie somewhere between the values for designs 230 and 231 A
(fig 19).

Design 7003 (fig 10A)

This 130-foot oil barge was also designed recently by the TO Zamrdo
Te only deep-water test bich can be compared with the other barges (fig
103) was conduatedL with yaw corrected by the saegs shown in figure 100,

"* which are rocommended as replacments for the ekedgs originally designed.
- The test indicated that this form was one of the best of the goup.

*4, 17
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Comparison of resistance results

Comparative results of the model tests are shown in the graph on the -next Page. Design 7001 was left unchanged. On design 380 the yaw was
corrected by tritsin: by the stern, and ithout use of skegs. To attempt
was =ade to correct design 7002 because the yaw was small, and experience
had proved that when yaws are of very sma.11 amplitude in tank tests they
are not apparent in the full-size vessel. Design 7003 was towed with skegs
only, and no base bull data are available. Skegs of designs 231 A and 230
were altered to reduce yawing with a minimun crease in resi4tance.
Design 267 has goo& resistance characteristics, but lacks directional
stability. Designs 1.7 S, 130, and 336 3 are considered entirely unsat-
isfactory, and should serve as an example of types to be avoided in the
future. Designs 3X 10 and BX 11 offer low resistane together with low
initial construction costs, owing to simplification of form.

It is recomended that the conclusions of this report be adopted as

guides for the design andaprocurement of future barges for Transportation
Corps use,

Resistance -results for all barges at load displacement in deep water
are compared in figures 13, 14 15, and 16. The values have been redrced-
to a comprative basis by- plotting against the Froods number. This bas
been used in preference to the normally accepted speed-length ratio because
of the confusion often ocuring in rating barges In knots or I& statute
miles per hour. In figures 13 and i4 the total resistance has been en-

.pressed in pounds per pound displacement rather than pounds per ton, to
permit use with either long or short displacement tons. Use has been made
(figs 15, 16) of the "volumetric" residual resistance coefficient to
permit dimensionless comparison of residual resistance on a basis which
indicates the carrying capacity of the barge.

A comparison of the curves of figure 13 with model-test results for
.14 barges given by Baler (1) shows that design 230 has a lover resistance
than any of them. Desiegns Z 10 and 7002 are on a par with the best of.
the barges shown. Designs X 3.1, 231 A, 267, and 7002 are better than
average, and designs 380, 7001, 336 3, and 417 S grauate troughon tthe
range. Design 430 is quite similar to the poorest of the 14 barges tested-
This indicates, therefore, that TC barge designs range from the best to
the worst encountered in omercial practice.

3lasie barge performance can beit be analyzed by reference to the
curves of figure 15. Here the comparative bare-hll form resistances are
clearly shown. The averages of these values between froude numbers of.
0,10 and 0,20 are shown in the graph (fig 1) which serves as a rating

1index for this g'oup of barges.
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,VI 1.-F (contd)

Reference to the proportional sectional-area curves (fig 17) gives a
-:isual description of the basic cause of the high resistance of some of

*-..hese barges. These curves have been staggered for clarity. The ordin-
ates represent the ratio of section area to midship section area for each
barge. The abscissas represent the ratio of rake-end length (on water- .
line) of each barge to the maximum rake-end length or the beiges tested
(design 230 forebody; design BI~ 11 afterbody).

The high resistances of designs 430 and 417 S can be attributed
directly to the sharp break in the sectional-area curve where the rake-end
meets the middlebody. The resistance of design 430 is greater, owing to .
the shorter rake length.

The short rake lengths of designs 380, 7001, and 338 B raise the
resistances, but the fair curvature of the sectional-area curves gives an
indication of good form. Design 336 B has a higher resistance, as the L
paneling of the parallel sides causes severe eddying. The easy sweep of
the sectional-area ourves of designs 231 A and 267 combined with fairly
long rake ends give good forms with reasonably low ramistanoe. From the
appearance of the relative resistances, the change in curvature of the
seotional-area curve at the bow, giving a smaller entrance angle combined
with greater rake length, is conducive to very low resistance values as
exemplified by designs 230, 7002, 7003, EX 10, and E1 11. The differences
in average specific resistance of those designs can be caused by waterline
shape, length-to-bern ratio, and beam-to-draft ratio as listed in table II.
For the four bare-hull tests available, the specific resistances vary

..slmost linearly with the length-to-draft ratio, but there have not been
VI.affioient tests to accept this as a general statement.

A4 M:
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Discussion of bar.ge-form design L

Certain design considerations are apparent from the comparison of
the barge-model tosts completed under this project. These may be listed
a~s follows:

a. The shape of the sectional-area curve is a definite factor in _..
* determining barge resistance. In general a small slope of the curve at

entrance combined with a low prismatic coefficient and fair curvature
throughout tend to lower resistance.

b. The length of the rake ends is a controlling factor. Normally"
the longer the rake enc, the lower the resistance. Howver, where resls- .

. tance is compared with displacement tonnage, a certain optimum length is
indicated. A series of tests at the University of Michigan established"
the optimum length of the forward rake end as 25 percent of the length
over-all. It was also found that the after rake end could be of the same
form as the forward rake, but with the after end cut off to redu=e the
after rake length to 80 percent of the forward rak:e length. This gare
the lowest values of resistance per ton of displacement.

c. The slope and shape of the forward rake-end keel line have often
been considered quite critical. Tests-by Sadler (3), Eaier (1), and Hay
(7) (8) demonstrated wide variations in resistances with various slopes
and. shbapes. owever, the tests conducted on modifications of design 231 A,

." - and the low resistances of designs 267 and 230 indicate tbat these vari-
a" ions were dune more to changes in the sectional-area curve than to changes
in the rake profile. Three sets of bow-and-stern rake ends were constwted .7
for design 231 A. These ends had lateral-area coefficients of 0.67., 0.75,
and 0.83, respectively, with a parabolic profile. The sectional-area
curve (and therefore entrance and run prismatic coefficients) were iden-
tical for all tbree sots. The resistance results obtained by any combina---

*.-. tion of these forms was identical. It. is therefore believed that the
shape and slope of the rake profile are important for resistance only
insofar as they affect the sectional-area curve. For a fairly full formed
rake end, a rake angle of 30 degrees seems to give the most satisfactory
sectional-area curve.

d. The ratios of length-to-beam and beam-to-draft have a decided_-
effect on resistance. Designs 3 o 10 and BZ 11, which have otherwise
nearly identical coefficients, show a 30 percent difference in residual "
resistance. In general, the resistance decreases with increasing values --

of these ratios.

e. Any unnecessary eddy-uaking appendages such as the paneling on
design 336 B are to be avoided.

f. Good barge forms can be obtained without complicated construction
features.

21
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A==d, I.-G (contd)

g. Deadrise and a large bilge radius are important factors in
" ' - operation (1), but may be less significant for deep-water

* 'i eration.

The dimensions of length, beam, and draft are usually stipulated in
the design of military barges, which restricts the designer to some
extent. In these cases, attempts to lower resistance must be confined to
the proportioning and shaping of rake-ends,. He is also restricted to
shapes which lend themselves to simple and inexpensive construction. In
dealing with a rounded bilge form, the use of a constant radius simplifies
fitting by reducing the rolling or furnaoing operation to a single pair of
strakes. Figure 18A shown tWn types of barges which employ this principle.
The rake end profiles are identical, but in one barge a good sectional-
area curve has been obtained-by tapering in the sides to the neadlog.
Wshere a large deck area in required, the sectional-area curve can be re-
tained by varying the deadriie as shown in the second body plan. The
fore and after rakes are symmetrical, with 15 percent out from the rake
aft. This feature has the added advantage that if flotilla operation is
desired, the barges may be secured stern to stern.

As a third alternative type, the *straight element" form for barge
rake ends is employed in figure 18L, Considerable experimentation was,
done along these lines at the University or Michigan for the Ingalls
Corporation, and the proportions shown represent the optimum values found.

%- This form is adaptable to the use of developed plates between the upper
-":d lower chine. The Ingalls "Patented Bow" uses the developed surface

aooane with the apex at point A. to form this plate. A cylindrical
development is also possible, or straight sections may be used as shown..

By reference to the three suggested standards and principles set ,-:
forth above, it should be possible for a designer with relatively little
barge experience to design a good hull form, easily constructed, and with
low-resistance characteristics.

-a

a. *a. o-*
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Comparison o skeg performance

Of the 12 barges teuted, 8 were originally fitted vith some tpe of
device expected to insure directional itability, Design 231 A had a

Ssingle, straight-aided onterline skeg. Design 230 had two Ingalls pat-
ented pyramid-type skegs. Designg 287, 7002, and 7003 had pairs of
straight-aided skegs. Design 417 8 had a centerline rudder, and designs'
31 10 and 31 11 had pairs of-offset Dravo-type keoes, Of the eight
tested, only those on designs 230, EX 10, and 31 11 actually eliminated

"* yaw."'

Types of skegs recamended by the Experimental Towing Tank were
fitted to designs 231 A, 230 580, and 7003. The yaw was eliminated on
all but design 380, which required the combination of trim and a bridle

* to attain stability. The relative resistance@ of the skege which actually
corrected yaw are shown in figure 19.

From thee curves it appears that the yAw-correcting skegs of lowest
resistance are of the Experimental Towing Tank type, consisting of plate

' skegs with vertical, triangular prisms fitted to the after ends.

I-
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Discussion of directional stability

Directional stability, or the ability of a barge to follow a straight
course behind a towing vessel, is an extremely important 1 actor in the
operations of tugs and barges. A yawing barge is a danger to navigation and
to th towing vessel. The sheering of a barge in a turn has been known to
capsize the towing vessel. It also greatly reduces the efficiency of towing
operation.

Then an external force such as a wave throws a barge off course, a
new transverse resistance force is added. If the moment of this force
about the center of gravity opposes and exceeds the restoring moment of
the force exerted by the towline, the barge will be directionally unstable.
The stability may be restored by several methods:

The use of a towing bridle increases the moment arm of the
restoring force.

The use of skegs or a rudder decreases the moment arm of the
transverse resistance by moving aft the center of lateral
resistance. (Rudders have been unsuccessful, as they do not
exert a great enough force unless the yaw is anticipated by
the helmsman.).

The trimming of the barge moves the center of lateral resist-
ance aft, and by relocation of the center of gravity, increases
the moment arm of the restoring force.

Fining the forward lines to reduce transverse resistance, or
filling out the after lines, tends to move the center of lat-
eral resistance aft.

Studies at the University of Michigan (10) showed that a bridle length
of 1-1/2 barge beams was the most effective in overcoming yaw. A series
of tests on skegs carried out at the University of Michigan in 1938 for the
Dravo Corporation (1) resulted in the design of a very efficient skeg;
this type was used on designs BX 10 and B 11. However, barge tests of
project 9-57-01-04 indicate that a skeg of the type developed by the
Stevens Experimental Towing Tank corrects yaw with less resistance penalty
than the Dravo or the Ingalls skegs. This type of skeg (fig 20) is recom-
mended as a standard forfuture TC designs until further studies can be
made. Consideration should also be given to retractable skegs for TC

* barges operating in both rivers and harbors.

Investigations of the relationship between directional stability and
form design have been limited mainly to ship-form vessels propelled and
controlled from the stern. The same techniques could be applied to barge-
hull forms to give very worthwhile information on this subject. The great

24
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Appendix B

The problem of propeller drag was approached by comparing the various

available methods of computing locked propeller drag with each other for

2 ships. When possible the rationale was studied for each method In an

effort to develop a method which Is "simple" and suitable for all naval

ship classes.

Symbols

Rf - Resistance of I propeller (LB.)
p

RTp - Total propeller resistance (LB.)

Rf - Hull resistance (in calm water w/o propellers) (LB.) .'-

2

-. Ap - Projected area (FT.)

A0  - Developed Area (FT.2 )

A - Expanded area (FT.2)

BAR - Blade area ratio

V - Ship speed Ft./sec.

VK  - Ship speed KT.

VA a Speed of advanceA.

Cp Propeller drag coefficient

All of the methods of computing locked propeller drag follow the

form R- Cp /2AV2 where A&V may vary depending on the area considered

. or the units for speed used. To compare various methods of calculation it

is useful to reduce the equation above to the form Rp - KV 2 where K combines

C o/2 (if used), and the appropriate area for each method. The K values

are compared by dividing by K for method which corresponds to the equation ....,.*

from Ref. 5. In addition RTp is calculated for each method and is compared

with the calm water hull r2%lstance with the ratio R p/R. ".-.
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APPENDIX C

CALCULATIONS FOR ADDED RESISTANCE IN WAVES



Appendix C'

As with Appendix A the unabridged report contains all of the

detailed calculations (sheets 1-57) while the abridged report contains

only sample calculations. The added resistance in waves is calculated

by two methods. The first Is very approximate and utilizes a formula

derived by Jacobs and Lewis for a stationary ship in waves. This

serves as a rough check for the second method which utilizes the

seakeeping tables of reference 22.

List of Ships and in Study -.

Number of Sheet number
Added Resistance for Detailed
Curve (See Fig.465) Ship Class Calculations

Imso-422 2

2 ATF-148 9
3 CGN-25 16

4 FF-i04o 22

5 AOR-l 28

6 AOE-I 34

7 CA-139 40

8 AF-58 46

9 LST-1179 51
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Appendix D

* Two data tables of naval ship characteristics were developed in

* order to assign calm water hull resistance curves and curves for added

resistance in waves to those ship classes for which calculations were

not- performed.

The first two sheets 1 &2 give the curve numbers for those ships

for which calculations were performed. Calculations for hull resistance

were performed for 39 ships and calculations for added resistance in

waves for 9 ships.

ILSheets 3 through 7 give the hullI form characteristics for allI the -

naval ship classes although blanks in the table appear when data was not

readily available In the literature.

Hull resistance curves were assigned principally on the basis

of block coefficient, prismatic coefficient, volumetric coefficient, L/B, -

and ship description. Curves for added resistance in waves were assigned

i"Mo

principally on the basis of ship length and to a lesser extent on

block coefficient.
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CALCULATION OF TOWINIG RESISTANCE

SHIP: L.ST 1171 - TEST DATE:

BY: CS

ITEM
NO. DESCRIPTION UN ITS

I SHIP CLASS (AE, CVA, ETC.). L___"/17 7
! 2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS g -i 7

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

'. 4 WI4D DRAG COEFFICIENT, Cw , (SEE TABLE 7) -

5 TOTAL PROJECTED AREA OF PROPELLERS, A, (SEE TABLE 7) SQ. FEET

• 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) 3

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7)

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS .

11 RELATIVE WIND DIRECTION, , DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE R, (SEE FIG. :16) -

* m 14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE R x 1.25 POUNDS

17 PROPELLER RESISTANCE = Rp = 3.737 x(D x x POUNDS

18 WIID RESISTANCE - R . 0.00506 x x 03 x @ x ) x (i0 POUNDS

19 TOTAL TOW RESISTANCE = RT (3)+ 6 + 74-J8 POUNDS

T~ ~ 712:1:<,....", r ie ,4s-fum AT" Is 5,9m,# /s Z-s !/S'g . .,,

) "1 uw i4l D 2ECo/oA/ - .7a, Cc'tSC -?70" 7

,..sw /€tr ,ua/..D 4oc L
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CALCULATION OF TOW RESISTANCE BY MIETHOD USED IN U.S. NAVY TOWING MANUAL

. ,::. SHIP: 4..qT" /177 " ". r / DATE: / 1_ 74 2

By: g.cS :

I TEM
NO. DESCRIPTION UNITS

L.
i i;' " SHIP CLASS (AE, CVA, ETC.)/.5"/7

Z TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS 83q2.
J1;

3 FRONTAL WINDAGE AREA, AT SQ. FT.

4 TOW SPEED, VTOW KNOTS

5 DIRECTIO14 OF TRUE WIND FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWINO KNOTS 7

WIND VELOCITY COMPONENT VT - ( + ) x COS KNOTS 2,.,,

- WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT.

9 WIND RESISTANCE, RW x (8) POUNDS -

10- HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2)

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) "- -

- ; .''.. 12 HYDRODY1NAMIC RESISTANCE R H  ( 2) x P.) x (1).POUNDS /R9l-

13 TOTAL PROJECTED AsREA OF PROPELLERS, A~ SQ. FT.

14 PROPELLER RESISTANCE = R. 3.394 x 131x x , POUNDS 331Z -

15 HULL RESISTANCE = ( x (. . ) - l POUNDS /

16 SEA STATE RESISTANCE - Rs  = (2 - (15) - POUNDS 21627

17 TOTAL TOW RESISTANCE - RT = (+ (2) POUNDS

"- - :- . ..
:.: ...... "* ',
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CALCULATION OF TOWIING RESISTANCE

SHIP: /.Sr //77' Ter 2. DATE: 3ha/7"

BY: 2CS

ITEM
NO. DESCRIPTION UNITS __-_-'.__

I SHIP CLASS (AE, CVA, ETC.)..

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, Cw  (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEETp ,.':"" 0, . /.
6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rst (SEE TABLE 7) "

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

1 .10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, c DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) - -.-

13 SEA STATE RESISTANCE RI (SEE FIG. 1;6)"-:s' )500 "":

14 SELECT A TOW SPEED, V KNOTS

15 RH/A (SEE FIG. 17) _ "7

16 HULL RESISTANCE = RI - 6 x 1. 2 POUNDS Z6"?'

17 PROPELLER RESISTANCE , Rp - 3.737 x@x x POUNDS 32739

18 w INID RES ISTAN4CE -R - 0. 00506 xQ0 x®0 x @~x () (i)POUNDS

19 TOTAL TOW RESISTA1NCE RT (i3 + +(i~ POUNIDS

/orws : ) Asnt A7  Is S.m~ 4! i.S7 s--

3) ~~~.Y TRe 4d/A-i o/f7t4'.CWS 70 r 6

'."x. N o r - --. -

I * . , . "a . , ..,,..:%*.:



LALCULATION OF TOW RESISTANCE BY MIETHOD USED IN U.S. INAVY TOWING MANUAL V.

* . SHIP: 157' //71 - 7"T 012. DATE: ./I.Z .'.

BY: , $--

ITEM
* ,. NO. DESCRIPTION UNITS

' 1,.- SHiP CLASS (AE, CVA, ETC.) ._ _ rl/7?

. 2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS , ,?2.

3 FRONTAL WINDAGE AREA, AT SQ. FT. ;, /0O

4 TOW SPEED, VTOW KNOTS

5 DIRECTION OF TRUE WIND FROM BOW, 0 DEGREES 1
6 TRUE WIND VELOCITY, VIN KNOTS

7 WIND VELOCITY COMPONENT VT 40 L X COS KNOTS -)."

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT-

- 9 WIND RESISTANCE, RW - (3) x (8)POUNDS

10 HYDROOYNAMIC UNIT RESISTANCE r, (SEE GRAPH 2) --

' 1 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH x Qoi xl.i) POUNDS 263
,.-*.: 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - RP - 3.394 x 13) x G x G0 POUinDS

15 HULL RESISTANCE =i) x (,) POUNDS

.16 SEA STATE RESISTANCE - R. = (.I - ( ) POUNDS /

17 TOTAL TOW RESISTANCE = RT (9 + (12) POUNDS

• . 5..,

- *e~*.. * 4
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CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

- . SHIP: A75. .- /jj O A/ LUX DATE: .L.

BY: ElS

I TEM
-. TNO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) _I_ ____ 14

* 2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS JOS'

3 FRONTAL WINDAGE AREA, AT SQ. F. .

4 TOW SPEED, VTOW KNOTS Al

5 OIRECTION OF TRUE WIND FROM BOW, 0 DEGREES 0

6 TRUE WIND VELOCITY, VWIND KNOTS 0

7 WIND VELOCITY COMPONENT VT + x COS YJ4OTS

• 8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW  = . x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) "-

, ,11 SEA STATE CORRECTION FACTOR K. (SEE TABLE 8) -,

* 12 HYDRODYNAMIC RESISTANCE RH - (2') x 0) xl1) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT. *'

14 PROPELLER RESISTANCE - Rp _ 3.394 x ;.3) xG x @ POUNDS PY5 " -

15 HULL RESISTANCE O x - 4)ou POUNDS

16 SEA STATE RESISTANCE - Rs . (2) - (5) - POUN DS

17 TOTAL TOW RESISTANCE-= RT + 1 2) POUNDS

A1 o ' ' *5 e 1' s e p- v ie 0 o a n i l '

09J "rj Ae
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CALCULATION OF TOQJ RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: ATP ./4g de L 4A/ 7C16 DATE: -Z/Z5.716

BY: ecSr

I TEMl
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) /!V____

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS Ag

3 FRONTAL WINDAGE AREA, AT SQ. FT. /7___00

4, TOW SPEED, VTOW KNO0TS

5 DIRECTION OF TRUE WIND FROM BOW, B DEGREES

6 TRUE WIND VELOCITY, VIN MNOTS /

7 WIND VELOCITY COMPONENT VT 40 + [:) x CO0S 05D KNOTS

8 WIND PRESSURE P, (SEE GRAPH. 1) LBS/SQ. FT,

9 WIND RESISTANCE, RW -Q' 8 POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -

11- SEA STATE CORRECTION FACTOR K (SEE TABLE 8) q-
12 HYDRODY14AMIC RESISTANCEA'H-(' x QO lii)POND

14 PROPELLER RESISTANCE - R - 3.394 x .,,3) x(o x POND

15 HULL RESISTANCE - 0)xPOUNDS //
16 SEA STATE RESISTANCE - Rr a (12) (1)- POUz/

17 TOTAL TOW RESISTANCE - RT -f + (12) POUNDS

T*

z_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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CALCULATION OF TOW RESISTANCE BY HETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: AZL4 7P- DATE: /ZTJ/e

By: P~s

ITO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) ___'_-___ ___-___-__

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG' TOtIS 1o7f".1

3 FRONTAL WINDAGE AREA, AT SQ. FT.

4 4 TOW SPEED, VTOW KNOTS
S.-

- 5. DIRECTION OF TRUE WIND FROM BOW, B DEGREES Z/7 1"

6 TRUE WIND VELOCITY, V WIND KNOTS

7 WIND VELOCITY COMPONENT VT [0 6 COS (5o KTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT 7

9 WIND RESISTANCE, Rw - x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) _ _ . -.-

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) ".

,Z HYDRODYNAMIC RESISTANCE R8  - (2) x QO, x (.1) POUNDS

. 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

' 14 PROPELLER RESISTANCE , Rp - 3.394 x '13) xG x POUNDS 9 1&-

15 HULL RESISTANCE - (E0)4)- Q4) POUNDS lzi

16 SEA STATE RESISTANCE - R (1 - (15)-@ POUNDS -Z4 I

17 TOTAL TOW RESISTANCE R " (2) POUNDS

... ,...,. .: .-

.. .,.;.
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CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: ArTF o "I DATE: Z,

*'). BY: iS,-

' ' ITEM
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) A __._____

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS..

3 FRONTAL WINDAGE AREA, AT SQ. FT. I. lo

4: TOW SPEED, VTOW KNOTS

;*" 5 DIRECTION OF TRUE WIND FROM BOW, B DEGREES Iz .. ".

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT V- 0 +6 x COS KN4OTS
Tr

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

7 9 WIND RESISTANCE, RW , (3) x ( POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) -. H_"'-__

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH " ()X (xO'l X u'1) POUNDS 7

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - R p 3.394 x .13) xc x O POUNDS 9.AI0

" -' 15 HULL RESISTANCE ,, i) x " ( 4) POUNDS "'''

' "SEA STATE RESISTANCE- R% , (12)- (15)-& POUNDS

1 TOTAL TOW RESISTANCE - RT  + (12) POUNDS 077Y

*. ,. ... "...-.

. ",, ../ . -. .'.



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: L7"TE: 212 qg7,

BY: £'S

ITEM
NO. DESCRIPTION UNITS L

1 SHIP CLASS (AE, CVA, ETC.) .4,ie

- 2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS .. '..

3 FRONTAL WINDAGE AREA, AT SQ. FT. "

4 TOW SPEED, VTOW KNOTS

5 OIRECTION OF TRUE WIND FROM BOW, 0 DEGREES

j" ' 6 TRUE WIND VELOCITY, VWIND KNOTS , i' "

7 WIND VELOCITY COMPONENT VT - ® + x COS KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT,

9 WIND RESISTANCE, Rw C (,') x ( POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -- 0..

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) 1.6

12 HYDRODYNAMIC RESISTANCE RH - ((1) x 1) x(1') POUNDS

13 TOTAL PROJECTED JAREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE , Rp- 3.394 x x1) x POUNDS

15 HULL RESISTANCE , QO) x - POUNDS -. 30 '

16 SEA STATE RESISTANCE - R , ,12') - .5)- POUNDS -

17 TOTAL TOW RESISTANCE - RT " + (12) POUNDS -

17 ' .(-).ON

1 EI S.7ca.il,

-r..
' V.'

'a_ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _



CALCULATION OF TOWING RESISTANCE

SHIP: /"- /'/ DATE:

""~'.. : • BY: eC "

ITEM
NO. DESCRIPTION UNITS'_-'_._...

SHIP CLASS (AE, CVA, ETC.) ____ -/9 .

2 TOW DISPLACEMENT, a (SEE TABLE-7) LONG TONS /

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET o
1' 4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) -

5T~ TOTAL PROJECTED AREA OF PROPELLERS, Ap. (SEE TABLE 7) SQ. FEET ,/3

.4 6 CURVE NUMBER FOR HULL RESISTANCE,.RH/A, (SEE TABLE 7) 1

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7) ,

8 CURVE NUMBER Fri SEA STATE RESISTANCE, Rs, (SEE TABLE 7) - .

£ v 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

-10 RELATIVE WIND SPEED, VR KNIOTS /

11 RELATIVE WIND DIRECTION, c DEGREES

U 12~ HEAD11nG COEFFICIENT K, (SEE FIG. 13-15) -I,..

13 SEA STATE RESISTANCE R , (SEE FIG. 16) ,

14 SELECT A TOW SPEED, VTOW KNOTS

" 15 RH/A (SEE FIG. 17) -.

16.- HULL RES ISTAN4CE - RH x 0 x x 1.25 POUNDS /F

17 PROPELLER RESISTANCE - Rp - 3.737 x@Qx 14 x POUNDS

18 WIID RESISTANCE R - 0.00506 x x ) x @x x ( 1 DO POUNDS

19 TOTAL TOW RESISTACE - "T" + 7) ,iqo,,8 POUNDS " ;'

AIL.

... .

.-.." .% %-..,
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CALCULATION OF TOWING RESISTANCE

SHIP: 4',c -iA DATE:

> r"BY: Pc"

• .*" ITEM
, NO. DESCRIPTION UNITS "._'____

SHIP CLASS (AE, CVA, ETC.) ________.A..

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS la

.. 3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) S.. FEET

''. WI4D DRAG COEFFICIENT, C , (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A p, (SEE TABLE 7) SQ. FEET' .*i..' _______"
2 ",...-. - 6 CURVE IIUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

- CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

* , -. 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7)

" 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS
- .. ' ,

LR
11 RELATIVE WIND DIRECTION, cL DEGREES .

.' 12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

'':'' 13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) - 9'-

i.. 14 SELECT A TOW SPEED, VTOW KNOTS 8: " .* , -TO

15 RH/A (SEE FIG. 17)

' 16: HULL RESISTANCE a RH = © x 1.25 POUNDS 7o03 sr

17 PROPELLER RESISTANCE - Rp - 3.737 x( (Dx 14 x POUNDS /OZ3 "

18 WIND RESISTANCE - R - 0.00506 x x x @ x i 00x POUNDS

19 TOTAL TOW RESISTA1lCE , RT * + Q 6) +2) + 8 POUNDS z.•--..- ,.

i ,. ..., .-.-

.. - -, . ...

I ...

d . .A~ ... .___.__ _.___....__ _



.~Th - CALCULATION OF TOWlIG RESISTANCE."1
I..I 

..-

:" SHIP: 4,j--/A DATE:
",..:.a ,": BY : r,-" .: ..,

ITEM

NO. DESCRIPTION UNITS "_._"-"

3 5.-.. 1 SHIP CLASS (AE, CVA, ETC.) __"TF-IY__,_._.

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS
3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) sQ. FEET /ZOO

(SEE . 7) --i-

, 1 WI1lD DRAG COEFFICIENT, C, (SEE TABLE 7) - -7

.5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs  (SEE TABLE 7) -"

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KOTS

It RELATIVE WIND DIRECTION, c DEGREES .

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

,.. 13 SEA STATE RESISTANCE R (SEE FIG. 16)
Fs

, 1 • 4 SELECT A TOW SPEED, V KNOTS

15 RH/A (SEE FIG. 17)

16: HULL RESISTANCE , RH - @ x x 1.25 POUNDS;.,,. .,.:.-. 7 o -3 5-::,!:

17 PROPELLER RESISTANCE - Rp , 3.737 x .x 14 x POUNDS

d18 WIID RESISTA1NCE - Rw 0.00506 xX Ox@x (is x 10 POUIIDS -

19 TOTAL TOW RESISTANCE - RT + POUNDS zo z
T 

•-3.. + Ep

...... . . .. . .. . .. ..... . ...
. ". --. 

-.- "*,
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CALCULATION OF TOWING RESISTAhNCE

"2SHIP: 47)r '/q6 DATE: ZAS -f7d'"''

ITEM
NO. DESCRIPTION UNITS -_.-.-

* .. " I SHIP CLASS (AE, CVA, ETC.). ._ ,TC - .5"7

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET /200

. WI1D DRAG COEFFICIENT, Cw, (SEE TABLE 7)
"- TOTAL PROJECTED AREA OF PROPELLERS, Ap (SEE TABLE 7) SQ. FEET,-

-p _4

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

.8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) - 2

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)
-f-

10 RELATIVE WItD SPEED, VR KNOTS /6. .7

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R (SEE FIG. 16) -

14 SELECT A TOW SPEED, V KNOTS

4 15 RH/A (SEE FIG. 17)

16 HULL RES.ISTACE URH , ,•~~~~~~~~~~ 104 ... RSSAC , H , x 1.h) POUNDS 0 -

17 PROPELLER RESISTANCE , Rp ,3.737 x(D VOUNDS(_:POUNDS

18 WI1D RESISTANCE- w  x x x x POUNDS
•,_

19 TOTAL TOW RESISTA1NCE - RT ( 13),) + (7).+18) POUIDS
T 

18Z7-

* I

:-: .,.--_ _--- -. .-- ... -, :....-............-;-.--::... . . . . . . . .. . . .............-... ... . .. .. : :.. . .. v . :. :..:.- .
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aCALCULATION OF TOWING RESISTANCE

-1.I... SHIP:-A j'-g DATE:

BY:

.":." * ITEM
. NO. DESCRIPTION UNITS

I.. | SHIP CLASS (AE, CVA, ETC.) ._,_,. A -A.b
2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET IZOO

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7)

* '. ".. * ) TOTAL PROJECTED AREA OF PROPELLERS, Ap (SEE TABLE 7) SQ. FEET

• .&-,' 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

,-:. 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) .

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

. 10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

' 12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

.; 13 SEA STATE RESISTANCE R (SEE FIG. 16)

14 SELECT A TOW SPEED, VTOW KNOTS

I. 15 RH/A (SEE FIG. 17)

1:.. HULL RESISTANCE = RH 1.25 POUNDS

. 17 PROPELLER RESISTANCE = Rp - 3.737 x@ x 104) x POUNDS

•" 18 WIND RESISTANCE --R - 0.00506 x x( 0 x @ x (DO x 19) POUNDS:. 53. 8 1
19 TOTAL TOW RESISTANCE - RT L3)+ . + (J) (+Q) POUNDS / -

T 1 7 . . %

p-. .4 . ,. . . - ; . -..-. '._' ..- - .r . ,. -. ' .. . . . . ." " " . .".' .'''''.,...,,.......-.,.. ..
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i ; -" CALCULATION OF TOWIIIG RESISTANCE

SHIP: Tit'sB DATE:
.,,. ., BY: RC

0." 
.",ITEM

NO. DESCRIPTI ON UNITS .__--__"

1 SHIP CLASS (AE, CVA, ETC.) 4 AT' -1-8

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS 7 S'

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET /Zoo

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) -- e.7.*•~~ 0, .. 7 5 *- " -

. TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs t (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, t DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R, (SEE FIG. .16) ___ 7i
, . 14 SELECT A TOW SPEED, VTOW KNOTS

"' " 15 RH/A (SEE FIG. 17)

16: HULL RESISTANCE = RH ".©.x x 1.25 POUNDS 70j 5""
17 PROPELLER RESISTA1NCE -R~ 3.737 x 5x 104) x (aPOUNDS

'"" 18 WIND RESISTANCE --R 0.00506 x x x @x (O x 1 POUNDS

19 TOTAL TOW RESISTA1CE - RT " (1).( ;+n ) . POUNDS
T%19Z7

,



CALCULATION OF TOWING RESISTANCE

SHIP: __ T__ _ _/ _ DATE: Z 5'7-

BY: ,C

ITEM "
•.: NO. DESCRIPTION UNITS _"_"

I, 1 SHIP CLASS (AE, CVA, ETC.) A-rc -- Y . -

2 TOW DISPLACEMENT, a (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7-) SQ. FEET

4 WIND DRAG COEFFICIENT, C w  (SEE TABLE 7) 0' -1

5 
-

TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEETp f_._._._._:

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) 1

,.~.;".! 8" CURVE NUMBER FOR SEA STATE RESISTANCE, R., (SEE TABLE 7) - 2 "-'

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -_ _ _ __ __ __ _ --
10 RELATIVE WtND SPEED, VR KNOTS

11 RELATIVEWIND DIRECTION, m DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

S,5.' 13 SEA STATE RESISTANCE R (SEE FIG. 16) "

14 SELECT A TOW SPEED, VTK1TS";,,.; ,. " VTOW  ..

15 RH/ (SEE FIG. 17)

16 : HULL RESISTANCE = RH - ( x 2 x 1.25 POUNDS

17 PROPELLER RESISTANCE , Rp - 3.737 Q x 0 x POUNDS7

", 18 WIND RESISTANCE - Rw -. 00506 xX x  @x ( O) x POUNDS

.* 19 TOTAL TOW RESISTANCE , RT 7) + 8 POUNDS

' +,(/.3:5.Y/ .
9.:

.:9.-i



%7 .o-7

, .CALCULATION OF TOWING RESISTANCE
I.

-. i' SHIP.- Ji./ AE: A/A I")

o.~ -. g A

BY:

• " I TEM .''T.NO. DESCRIPTION UNITS
,...V.N..UN TS:.

• .. 1 SHIP CLASS (AE, CVA, ETC.) - - -

* " 2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET f lo"

' 4 WIND DRAG COEFFICIENT, C (SEE TABLE 7) -- 7

' 5 . TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/&, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) - 2

,. , 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR Ki4OTS ze. 7....

11 RELATIVE WIND DIRECTION, a DEGREES .. "

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

. '". 13 SEA STATE RESISTANCE R, (SEE FIG. 16) - Z35"dO

14 SELECT A TOW SPEED, VTOW KNOTS: . T...._,_.

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH - x x 1.25 POUNDS

17 PROPELLER RESISTANCE - Rp - 3.737 x@x x POUNDS /07

18 WIIID RESISTANCE - R " 0.00506 x® xQ x x (O) x POUNDS,:w qZ31 :-

19 TOTAL TOW RESISTANCE R .j+QJ+.j+(8 POUNDS

,_._.... .. .. .. .. .. .:..- **

• ....... .. ... .............. _.. ..... _: .. ":,

19 TO T. 9+ )+

APL-. . . . . .". . . ;"-"."k , " : ;"""""""-", ,,, ;""'-' " " ":,'-.



CALCULATION OF TOW RESISTANCE BY M'ETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: O - W'A T Cd1, "r (OPACr DATE:.iZL/Z7 "

BY: .c.

'e"" ITEM i

..... NO. DESCRIPTION UNITS

" . SHIP CLASS (AE, CVA, ETC.) Am -

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOtis "

3 FRONTAL WINDAGE AREA, AT SQ. FT. ,

5 4 TOW SPEED, VTOW KNOTS

5 OIRECTIO14 OF TRUE WIND FROM BOW, e DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT ~ +~~ COS 05) K14OTS

., 8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT

..- 9 WIND RESISTANCE, RW - (3" x ('8 PouNDs

10 HYDRODYNAMIC UNIT RESISTANCE (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K .(SEE TABLE 8) --

12 HYORODY14AMIC RESISTANCE RH () x ) xPOUDS

.13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE:, R o , 3.394 x 13) x G x C4) POUNIDS /hy Z"

15 HULL RESISTANCE o x POUNDS

16 SEA STATE RESISTANCE R , 12) 5) - 10- POUNDS

* '. 17 TOTAL TOW RESISTANCE - RT ! , + (12) POUNDS

* . .'° -

.. .. ..::.



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: Ape-I , OA.7' ;Ar I' DAE: L / ?z , 1-7w

BY: C-

ITEM
NO. DESCRIPTI.ON UNITS

I• SHI CLS (A•V ,EC. g

.,:," 2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONSJ T'3 -06 :4?-

3_._ FRONTAL WINDAGE AREA, AT ,SQ..FT., ,"
".TOW SPEED, VTOW K1NOTS___

5 OIRECTIO1N OF TRUE WIND FROM BOW, . DEGREES

6 TRUE WIND VELOCITY, V KNOTS_

7 WIND VELOCITY COMPONENT VT - + xCOS KNOTS / ,

" WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT I

9 WIND RESISTANCE, RW - (3) x (8) POUNDS

10 HYDRODY1AMIC UNIT RESISTANCE rHn (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH - Q" x O) x(1I) POUDS

• ..,,,: 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE R p - 3.394 x ;13) -x x 769POUNDS
15 HULL RESISTANCE - ) x (2) -POUNDS

16 SEA STATE RESISTANCE Rs 12) - (15)- POUNDS

17 TOTAL TOW RESISTANCE RT  - 9 + (12) POUNDS _____ -

.-.

.

.... . ".q.



-J .. . . . . . . . . . . -. -1 - - . . - , -. -, - -. , - - -l" . ° -4 " - " - -. . . . . .° *

S.e . .UL 'Uli4 OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: DATE: Z•/,..7..

ITEN
- NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) .. __-"""

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS T3 d0o
.. 3 FRONTAL WINDAGE AREA, AT SQ.FT.

. TOW SPEED, VTOW K14OTS

:.. 5 OIRECTION OF TRUE WIND FROM BOW, B DEGREES /7, e'

" 6 TRUE WIND VELOCITY, V KNOTS

.WIND VELOCITY COMPONENT VT - CO 0c , KOTS

8 WIND PRESSURE P. (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW x (8) POUNOS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) _

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8) --

12 HYDRODYANIC RESISTANCE RH - x 0 -ix1i) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE " Ap , 3.394 X ;3) x( x 4. 0 POUIJDS

15 HULL RESISTANCE - aO x (2) - Q4) POUNDS
.. 5" (10 x ;2). , - POUNDS 70 ""'...

16 SEA STATE RESISTANCE R (12) Q5)-@ POUNDS

, 17 TOTAL TOW RESISTANCE R T  - !%9" + (2.) POUNDS

262 1...
. --.

.



=. . ,. % -,o-,," L-E ..- : .1,;r-r -
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CALCULATION OF TOW RESISTANCE BY tETHOD USED IN U.S. 14AVY TOWING MANUAL

SHIP: AOf- DATE: Z,2,.e-

S. • ..

•:.. I TEM -,
.- .5 NO. DESCRIPTION UNITS

S' 1'" ! SHIP CLASS (AE, CVA, ETC.) _____'__"

• ,. , -. , . ... .'.___,.__

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS T*36

-, 3 FRONTAL W I NUAGE AREA, AT SQ. FT. ?7610
14 TOW SPEED, VTOW KNOTS ,

5 OIRECTION OF TRUE WIND FROM BOW, , DEGREES , /7, ,".

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT + + x COS (5J K1NOTS_.

.,." B WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT"

*" 9 WIND RESISTANCE, R, - (3) x (8) POUNDS

10 HYDRODYIJAMIC UNIT RESISTANCE rH (SEE GRAPH 2) - •

T SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODY14AMIC RESISTANCE RH x ( Q o x(1I) POUNDS

,: 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

1I PROPELLER RESISTANCE R. 3.394 x .13) x x POUNDS

•5 HULL RESISTANCE - iO) x - POUNDS /

. 16 SEA STATE RESISTANCE - R" (2)- 5)(10 POUNDS

, 17 TOTAL TOW RESISTANCE - RT (.9) + (12) POUNDS

*' ., . ; "

* ' 1.,.':

;, ,-..--'. ... :,

--.-: .'......* - .5 '.... . . -* --- S,,., ... , .

I -..-_... .-.,., .. . *,] ,,,'] - ,' ;- ", - "-" --" 5 % ....



CALCULATION OF TOW RESISTANCE BY ?mETHOD USED INA U.S. NAVY TOWING MANUAL

SHIP:,,4a6I /DATE:• ,.' .'."SH IP: -'

I ," "'BY: le c$

ITEM
NO. DESCRIPTION UNITS

" SHIP CLASS (AE, CVA, ETC.) _____-

2 TOW DISPLACEMENT, 6 (SEE TABLE 7) LONG TONS '3. 600

3 FRONTAL WINDAGE AREA, AT SQ. FT. 975"0

TOW SPEED, VTOW S KJ_0TS_

5 OIRECTIO14 OF TRUE WIND FROM BOW, e DEGREES O

6 TRUE WIND VELOCITY, VwD KNOTS__
vWIND '/

" WIND VELOCITY COMPONENT V COS KNOTS- _ __ __-_ __ _ _ __ _ __ __nn__ _ _ __ __I_ __ _ _ N T

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, Rw (3) x (8 POUNDS I A 574

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2)

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH - (," x O) x(.11) POUNDS

, 13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

,.'' 14 PROPELLER RESISTANCE , Rp 3 3.394 x '13) x x POUNDS

15 HULL RESISTANCE - %). x ) POUNDS q/S8

16 SEA STATE RESISTANCE R 0 POUNDS

. 17 TOTAL TOW RESISTANCE - RT = !9, +. (12) POUNDS /

.'~ . ...- ,

* - , ...... .*



CALCULATIO14 OF TOW RESISTA4CE BY METHOD USED IN U.S. NAVY TOWING MANUAL
, I.

""SHIP: DATE:

ITEM
4.. rter ,n n

, NO. DESCRIPTION UNITS
______-

-  -

I SHIP CLASS (AE, CVA, ETC.)

2 TOW DISPLACEMENT, & (SEE TABLE 7) LONG TONS SOO

3 FRONTAL WINDAGE AREA, AT SQ. FT. 975-0

4 " TOW SPEED, VTOW KNOTS

5 OIRECTIO14 OF TRUE WIND FROM BOW, B DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT + COS KNOTS .""

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT'

* ~ 9 WIND RESISTANCE, Rw W 3 x ()POUNDoS ,75

... . 10 HYDRODYNAMIC UNIT RESISTANCE (SEE GRAPH 2) --

II SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH , (2) x Q9 x111) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE - R = 3.394 x ;13) x POUNDS

15 -HULL RESISTANCE - (iO) x (2) - POUNDS

16 SEA STATE RESISTANCE R ' ,.I - 5)- POUNDS

17 TOTAL TOW RESISTANCE i RT ! + (12) POUNDS -'18 3

n n~

_.4 .. . .-



,,~..Iun ui- [OW RESISTANCE BY t'ETHOD USED IN U.S. NAVY TOWING MANUAL

- .-7 SHIP: , iO -I DATE:- Z /".-:
.

I . TEM ;:
* .. NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) _-__

" 2 TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS TAO"

,. 3 FRONTAL WINUAGE AREA, AT SQ. FT.
,*. A TOW SPEED, VTOW KNOTS,.-

5 IRECTIOII OF TRUE WIND FROM BOW, e DEGREES

6 TRUE W14ND VELOCITY, VWIND KNOTS

WIND VELOCITY COMPONENT VT. + 6'R~ x Cos K1NOTS

/ . WIHN PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW = (3) x (8) POUNDS p

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) --

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12. HYDRODYNAMIC RESISTANCE RH , (2) x 0q) xlii) POUNDS
Y14MI REITNC 0)-V l

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

I14 PROPELLER RESISTANCE - Rp - 3.394 x %13) x x POUN4DS

* • .f 15 HULL RESISTANCE - (10) x - Q POUNDS / ,-

16 SEA STATE RESISTANCE = Rs -12) (15)- 14 POUNDS

* 17 TOTAL TOW RESISTANCE = rt f9) ( 12) POUNDS

.', ;--"*-.., ,

.. ,.... ,,.~



CALCULATION OF TOW RESISTANCE BY fETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: ,- c DAiTE:

• ., .,., BY: ,.,,

"" ITEM
, NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) .. ____..

.,£, 2 TOW DISPLACEMENT, 4 (SEE TABLE 7) LONG TONS

".e 3 FRONTAL WINDAGE AREA, AT SQ. FT.

1 TOW SPEED, VTOW KNOTS

5 OIRECTIOII OF TRUE WIND FROM BOW, e DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT "COS (j K(40TS-I

- W11D PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW - (3" x ("8) Poutlos

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -"

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) i-

12 HYDRODYNAMIC RESISTANCE RH 2( x ) xli) POUNDS-'"

13 TOTAL PROJECTED A'REA OF PROPELLERS, Ap SQ. FT.

. 14 PROPELLER RESISTANCE = Rp 3 3.394 x ;13) x @ POUNDS 26 1Z

15 HULL RESISTANCE - (1O1 x - POUNDS 411 "--
L "15 '10) " '".

16 SEA STATE RESISTA1NCE -R - (, POUNDSR(.1 (

17 TOTAL TOW RESISTANCE , R, , !9) + (121) POUNDS '.o.-
:5;::-:

-. . ,° % . ,.. **



CALCULATION OF TOWIG RESISTANCE

::' SHIP: ,J -) DATE: 7/Z2,(

i,.By: c

NO. DESCRIPTIO14 UNITS

1 SHIP CLASS (AE, CVA, ETC.).

2 TOW DISPLACEMENT,A (SEE TABLE-7) LONG.-TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET-

4 W114D DRAG COEFFICIENT, C, (SEE TABLE 7)-

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

~ ~. 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) z.
7 CURVE NUMBER FOR WI1ND FACTOR, K , (SEE TABLE 7)-

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rso (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIN4D) -(SEE TABLE-B) -1

10 RELATIVE WIND SPEED, VR KNOTS .LC

11 RELATIVE WIND DIRECTION,- -DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)-

13 SEA STATE RES ISTANCE R, (SEE FIG. 16) 10
14 SELECT A TOW SPEED, VTO K1OTS

15 RH/& (SEE FIG. 17)

16 HULL RESISTANCE -RH - (Dx 1.25 POUNDS

17 PROPELLER RESISTANCE = R~ P 3.737 x(~x x POUNDS

18 WIND RESISTAN4CE - R - 0. 00506 x x 0x @x ( 1 60 POUNDS /

* .....

Sj TOTAL TOW RESISTANCE R ) + UNS-.

mm ".' '"

,.. . .. . . ................................... E-"

". . . . . . . . . . . . . . . . . . .. .. T, +, (S. ..TA B L.7) Q -8.) - -

?-."• . -
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CALCULATION OF TOWING RESISTANCE

SHIP: _, DATE: 7/Z9/74

ITEM
NO. DESCRIPTION 7 UNITS

• :I I SHIP CLASS (AE, CVA, ETC.). OE -

'
l  2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG. TONS -. d

3 FRONTAL WINDAGE AREA, AT , (SEE TABLE 7) SQ.. FEET_ f75&1

4 WIND DRAG COEFFICIENT, C (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET

l 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, RS, (SEE TABLE 7) -

3- BEAUFORT NUMBER (WIND) - (SEE TABLE-8) 1/

" . 10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES .

* 12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R (SEE FIG. 16) - )300

* 14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH I x x 1.25 POUNDS

, 17 PROPELLER RESISTANCE - Rp - 3.737 x( x x G POUNDS jo u

I S 1$ WIND RESISTANCE - R I0.00506 xG x 3 x x O x Q POUNDS:w 1 7)P

19 TOTAL TOW RESISTA14CE l RT "- (1 + " POUNDS

Ta 3
*, _,

%, •*.
'o % , , ~ *** * - . -



CALCULATION OF TOWING RESISTANCE

SHIPP: ___________DATE: Z/?- :::

: BY :-

I TEM :::"

NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.). =,, 6 ..

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS '. 6'

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 97-:

4 WIND DRAG COEFFICIENT, C (SEE TABLE 7)• "'..w ' 6. 7.5i::

5 TOTAL PROJECTED AREA OF PROPELLERS, A, (SEE TABLE 7) SQ. FEET

.6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) " "

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) , (SEE TABLE-8) !

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, o DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) --."0 ,o-
K 13 SEA STATE RESISTANCE R (SEE FIG. 16)/

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH x 1.2 POUNDSH: -:.. 770 0::

17 PROPELLER RESISTANCE - Rp P 3.737 x x x POUNDS

18 WI,D RESISTACE- R 0.00506 xG ( ®3 @x x Q DO , POUNDS

19 TOTAL TOW RESISTANCE - RT + U'3 "@"6' P OUN DS-;T ) 87,oY

/ 7.,

. .. *., . - . . .. '.,' ... - * .. .. . -. ".*. -S '.'.. .'



CALCULATION OF TOWINIG RESISTANCE

SH I P::. DAT E

BY

ITE. DESCRIPTION UNITS _____

1 SHIP CLASS (AE, CVA, ETC.).ME-

2 TOW DISPLACEMENT, 6 (SEE TABLE-i) LONG.TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 976
4 WI1ND DRAG COEFFICIENT, C ,(SEE TABLE 7)-w _____7s'

*5 TOTAL PROJECTED AREA OF PROPELLERS, A ,(SEE TABLE 7) SQ. FEET
p ______

6 CURVE NUMBER FOR HULL RESISTANCE, HA (SEE TABLE 7) z
7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7)

8 'CURVE NUMBER FOR SEA STATE RESISTANCE, R5  (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)-

10 RELATIVE WIND SPEED, VR KNOTS ,

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADI1NG COEFFICIENT K, (SEE FIG. 13-15)-

13 SEA STATE RESISTANCE R, (SEE FIG. 16)

14. SELECT A TOW SPEED, V~ KNO0TS

15 RH/ (SEE FIG. 17)

16 HULL RESISTANCE = RH -. ~ X$x 1.25 POUNDS

17 PROPELLER RESISTAN4CE -R~ P 3.737 x(,x (~ x (13POUNDS .~2~

18 WI1ND RESISTA1NCE -R w 0. 00506 x (Dx(3 x @~x U&~ x QDQ POUNJDS

19 TOTAL TOW RESISTA14CE- RT + ()(6) +(7.(8 POUNDS

T



7 . .. ,

CALCULATION OF TOWIIIG RESISTANCE

SHIP: ,OFL- DATE: Z.L. !2rJ -

BY: /CS

ITEM
NO. DESCRIPTION UNITS

. . 1 SHIP CLASS (AE, CVA, ETC.).

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS "3

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, Cw  (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, R., (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS .. q8

111 RELATIVE WIND DIRECTION, o DEGREES1 0o0

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RES ISTANCE R , (SEE FI G. 36) • d" l

. 14 SELECT A TOW SPEED, VTOW K1OTS

15 RH/a (SEE FIG. 17)

16 HULL RESISTANCE - RH= x x 1.25 POUNDS 77o L2

17 PROPELLER RESISTANCF p 3.737 x (Dx G x POUNDS /z60.

IS1 WINID RESISTANCE R- 0. 00506 x 0 x x ' i~x (I0) POUNDS

19 TOTAL TOW RESISTAI4CE " RT , +(6 + (18 POUNDS 1 -

T 3

. a' . -,...



7~~~~~~~~ ~J 7 ~~.-**~-- ~- .~-

CALCULATION OF TOWI1NG RESISTANCE

SHIP: AOLIDATE: z/ A

BY: 2S

ITEO. DESCRIPTIO14 UNITS _____

1 SHIP CLASS (AE, CVA, ETC.).

2 TOW DISPLACEMENT,,A (SEE TABLE-7) LONG.'TONS 3Xj

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 7-5/

4 WI14D DRAG COEFFICIENT, C~ , (SEE TABLE 7)-

5 TOTAL PROJECTED AREA OF PROPELLERS, A ,(SEE TABLE 7) SQ. FEETp
6 CURVE NUMBER FOR HULL RESISTAN-CE, RH/A, (SEE TABLE 7)-2..

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE. 7)-

8 CURVE NUMBER FOR SEA STATE RESISTANCE, R5, (SEE TABLE 7)-

si . 9 BEAUFORT NUMBER (WIN4D) - (SEE TABLE-8)-

10 RELATIVE WIND SPEED, V R KNOTS

11 RELATIVE WIND DIRECTION, aDEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)-

13 SEA STATE RES ISTANCE R , (SEE F IG. 16)

14. SELECT A TOW SPEED, VTO KNOTS

15 RH/A (SEE FIG. 17).

16 HULL RES ISTANCE = RH 6 x )x 1 .25 POUNDS

17 PROPELLER RESISTAN4CE -R~ P 3. 737 X~x x POUNDS 6 0o2

IS1 WIIND RESISTAN4CE -R w 0.00506 x x 03 x @ x U-4? x (iQ POUNDS

19 TOTAL TOW RESISTA1NCE -R T + 6 ) +O7 4(8) POUNDS

* 4 T E



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: 44 - I
BY: pe !q-•______ .--:-.

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) ,_0_."_

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOIlS ;/? 00

3 FRONTAL WINDAGE AREA, AT SQ. FT. 75'1-0

4 TOW SPEED, VTOW KNOTS

5 DIRECTION OF TRUE WIND FROM BOW, . DEGREES o
6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT + E6 x COS K4OTS /0

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW  X POUNDS _L77

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) --, ..

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --. 0

12 HYDRODYNAMIC RESISTANCE RH - (i_) x Q91 xlii) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RES I STANCE - Rp - 3.394 x 13) x x POUNDS

15 HULL RESISTANCE - (10) x Q - C , POUNDS ,Q 3

16 SEA STATE RESISTANCE 0. R " (12) - .5)-© POUNDS

17 TOTAL TOW RESISTANCE - RT + Q2) POUNDS /3__6_Z7".-

p .. p

mr,,. . . . . .,- - .": . .'.-'.-', '.., " , ", • ," ," -" -'.', "-"-'.. , .'- "-5*. *q
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CALCULATION OF TOW RESISTANCE BY t!.THOD USED IN U.S. NAVY TOWING MANUAL

SHIP: .' / DATE: Z1
-. 4-

BY: h..

ITEM
NO. DESCRIPTION UNITS

: SHIP CLASS (AE, CVA, ETC.) _"__-

2 TOW DISPLACEMENT, 4 (SEE TABLE 7) LOtNG TONS :',/':'

3 FRONTAL WINOAGE AREA, AT SQ. FT. 7'° --

4 TOW SPEED, VTOW KNOTS /

5 OIRECTION OF TRUE WIND FROM BOW, e DEGREES ,/7.,

6 TRUE WIND VELOCITY, VwINn Y4OTS

7 WIND VELOCITY COMPONENT VT - U6 + ') x COS (j5J KNOTS )7'

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT I ..* I
9 WIND RESISTANCE, RW = (3') x (8) POU14DS

10 HYODRODYIAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -- ,.

., SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --
12 HYRODY4A41C RESISTANCE RH 2" .) x l) POUNDS -,
12- .. -•.:. .

13 TOTAL PROJECTED A REA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE Rp2= 3.394 x ;3) x x 0 POUNDS ' ./"

15 HULL RESISTANCE = .1) x (2) - (4) POUNDS 7" -

16 SEA STATE RESISTAIICE = Ri = ,12) -. (15)- 104 POUNDS -.-,

17 TOTAL TOW RESISTANCE = RT  = 9') + (12) POUNDS

-___________,-.____________



CALCULATION OF TOW RESISTANCE BY 8' THOD USED IN U.S. NAVY TOWING MANUAL

SHIP:A DATE: 474

BY: Pcs
S"ITEM

NO. DESCRIPTION UNITS
I SHIP CLASS (AE, CVA, ETC.) ..- _______ A4'"4

' 2 TOW DISPLACEMENT, I (SEE TABLE 7) LONG TONS !,J/.oo

3 FRONTAL WINDAGE AREA, AT SQ. FT.

4 TOW SPEED, VTOW KNOTS 'C

5 OIRECTIO- OF TRUE WIND FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS , ..

7 WIND VELOCITY COMPONENT VT , ( + x COS KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT. '.

9 WIND RESISTANCE, Rw , (3' (8) POUNDS

10 HYDRODY1NAMIC UNIT RESISTANCE r , (SEE GRAPH 2)

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) -,

12 HYDRODY1NAMIC RESISTANCE RH = (2) x Qq) xlif) POUNDS ".-,72

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE = Rp = 3.394 x 13) x x POUNDS 2 3z"

15 HULL RESISTANCE = x (2) - 4) POUNDS

16 SEA STATE RESISTANCE = R = (12) - (15)-lf0 POUNDS
• ". ~ ~( -. '. ...

17 TOTAL TOW RESISTANCE - RT = + (12) POUNDS 7r-

,'

~T

F -.-

.. -. _-
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CALCULATION OF TOW RESISTANCE BY .!THOD USED IN U.S. NAVY TOWING MANUAL

SHIP: ,.E: Zt?'/7

BY:

ITEM
NO. DESCRIPTION UNITS

1- SHIP CLASS (AE, CVA, ETC.) __,__-_

-" .. " 2 TOW DISPLACEMENT, . (SEE TABLE 7) LONG T01S ',A/,..

- 3 FRONTAL WINDAGE AREA, AT SQ. FT. 7

4  TOW SPEED, VTOW  KNOTS d

5 OIRECTIO1J OF TRUE WIND FROM BOW, 9 DEGREES

. 6 TRUE WIND VELOCITY, VWIND KNOTS-- .-
WIND VELOCITY COMPONENT VT K4 0TS COS KNTS____,-_-

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT. ,7

9 WIND RESISTANCE, RW - (3) x (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH, (SEE GRAPH 2) -

.I SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) -- j .6

12 HYL)RODYNAMIC RESISTANCE RH = (2) x QOJ x l.) POUNDS

13 TOTAL PROJECTED ,AREA OF PROPELLERS, Ap SQ. FT.

I4 PROPELLER RESISTANCE = Rp = 3.394 x ;13) x® x POU1NDS

15 HULL RESISTANCE = (i') x - .- POUNDS

16 SEA STATE RESISTANCE = R = 2) - (i-@ POUNDS

17 TOTAL TOW RESISTANCE , RT = + (12) POUNDS .',:

................... .,.. .



CALCULATION OF TOW RESISTANCE BY MIETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: IDAE / /7

BY: 1CS

'ITE

NO0 DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) r.________

2 TOW DISPLACEMENT, a~ (SEE TABLE 7) LONIG TONS

3 FRONTAL WINDUAGE AREA, AT SQ. FT. 79

4 TOW SPEED, VTOW KN4OTS

5 UIRECTIOll OF TRUE WIND FROM BOW, 9- DEGREES

6 TRUE W11ND VELOCITY, VWN KNOTS

WIND VELOCITY COMPONENT V T - )+~)xCS(I KNO0TS !

8 WI1ND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, R (3) x ()POUNDS

10 HYDRODYfJA1IIC UNIT RESISTANCE rH (SEE GRAPH 2) - .

11 SEA STATE CORRECTION FACTOR K1  ('SEE TABLE 8) - ~

12 IiYURODY14AMIC RESISTANCE RH -(2) x (10 xii POUNDS7

13 TOTAL PROJECTED AREA OF PROPELLERS, A P SQ. FT.

14 PROPELLER RESISTANCE =R = 3.394 x ;3I x( ~ P4UD

15 HULL RESISTAN4CE =0bi) x 2) - CQ4) POUNDS

16 SEA STATE RESISTANCE Re 121 Q (5)(104 POUNDS 7

17 TOTAL TOW RESISTANCE RT = + (12) POUNDS

-* --- -- -



t.ALLULATION OF TOW RESISTANCE BY lb. THOD USED IN U.S. NAVY TOWING MANUAL

SHIP: A,)E-l DATE:

BY: i . "c.

I TEM
N N0. DESCRIPTION UNITS

1.SHIP CLASS (AE, CVA, ETC.) _ -__-____

-'2 TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS, 3/O')

3 FRONTAL WINDAGE AREA, AT SQ. FT. 7 .i

4 TOW SPEED, VTOW KNOTS

5 IRECTIO14 OF TRUE WIND FROM BOW, G DEGREES /,i. .3

6 TRUE WIND VELOCITY, VWIND KNOTS ,

7 WIND VELOCITY COMPONENT VT ,, + x COS KNOTS a o
8 WIND PRESSURE P, (SEE GRAPH I) LBS/SQ.FT

9 WIND RESISTANCE, RW = (3) X (8 POUNDS

101 HYDRODYNJAMIC UNIT RESISTANCE r (SEE GRAPH 2) 1-;::;':". H, 0. 7 -"

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8)
12 HYDRODYNAMIC RESISTANCE R (2) x I x(11 OS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE = Rp = 3.394 x 13) x® x ( POU1oS 2Z

15 HULL RESISTANCE = (,) x 2) " POUNDS

16 SEA STATE RESISTANCE , R = - -(14 POUNDS

17 TOTAL TOW RESISTANCE = RT = '.9 + (12) POUNDS

w.

-, 5 •

. -,,..,

.. '. ; -. 5" .



CALCULATION OF TO'dING RESISTANCE

SHIP: A4 -/ DATE: 7

BY: t:.

ITEM
NO. DESCRIPTION UNITS _-'-.__-

1 SHIP CLASS (AE, CVA, ETC.) ,4o.Z- .

2 TOW D I SPLACEMENT, A (SEE TABLE-7) LONG TONS ,

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, Cw  (SEE TABLE 7)

TOTAL PROJECTED AREA OF PROPELLERS, A .(SEE TABLE 7) SQ. FEET "

" 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - "

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs  (SEE TABLE 7) -

"-" 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS ,1* '-

11 RELATIVE WIND DIRECTION, a DEGREES -

12 HEADING COEFFICIENT K, (SEE FIG. .13-15) ,,1..

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) - -

16 HULL RESISTANCE = RH = 1x x 1.25 POUNDS -

17 PROPELLER RESISTANCE = Re - 3.737 x( x (4 x Q POUNDS .&.-

18 WIND RESISTANCE - R - 0.00506 x x(D x @ x U-0 x POUNDS ft,.,

19 TOTAL TOW RESISTANCE T= ,R+ + + POUNDS ... .,...

:LI

.,-,

-, ....-,:

Co * s. * * * . * * .*t .+*ff



CALCULATION OF TCI.4IG RESISTANCE

SHIP: DATE: -

BY: .?' "

ITEM , ,:...
NO. DESCRIPTION UN ITS

I SHIP CLASS (AE, CVA, ETC.) ,o" I

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS ./,..

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE' 7) SQ. FEET

4 WINJD DRAG COEFFICIENT, C , (SEE TABLE 7)-

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
p el_____ _______

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, V KNOTS .

S11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADI1NG COEFFICIENT K, (SEE FIG. 13-15) - 1.6)
13 SEA STATE RESISTANCE R , (SEE FIG. 16) -

10 SELECT A TOW SPEED, VToW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH = x 2}x 1.25 POUNDS -- .'.

" 17 PROPELLER RESISTA1NCE , Rp = 3.737 x x Q@4 x (D4 POUNDS ,,..:-

18 WIND RESISTANCE - R = 0.00506 x x(D3 x x x (10 POUNDS

19 TOTAL TOW RESISTANCE - IT = I3'+ Q.)+ (J)+8 POUNDS

.. . . . . . . . . . . . . . . . . . . . . . .
.... ....................................... a** * *s f: *t -_ .S



CALCULATION OF TO',ING RESISTANCE

: SHIP: ," - DATE: 4

BY : ' .

ITEM
NO. DESCRIPTION UNITS "-___-

I SHIP CLASS (AE, CVA, ETC.)

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS .

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) - / "

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET -- ,.

.. 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) "

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, R., (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS ~ ~

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15)

13 SEA STATE RESISTANCE R, (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH = @ xx 1.25 POUNDS

17 PROPELLER RESISTANCE = R= 3.737 x x x POUNDS ,-

18 WIND RESISTANCE - R , 0.00506 x x0 x x ( POUNDS

19 TOTAL TOW RESISTANCE = RT = Q 6+ ) 1+7)+(L8 POUNDS
'T

a 
-

.- ,.... .. .. .. .. .. .. .. .. .. .

• ~~~~~~~~~~~. .. . . ......... •,. .a..,...•••• •.o • ••••
.... -.-.... -.-.-.-., .- ,.% .,.,..;....... ..,...,.....- %,,-,...-,,,-,..,-,..-,.:, -..,;,-;,%,%, ,.-.. %'.,-,'., _



* .' .'

CALCULATION OF TOWING RESISTANCE

: SHIP: A,. / DATE: "

BY: F",

*" ITEM
.NO DESCRIPTION UN ITS

* 1 SHIP CLASS (AE, CVA, ETC.) o' -

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS I')

:1- 3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 7'79

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) -

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
p_

.." 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)

8 CURVE NUMBER FOR SEA STATE RESISTANCE, R., (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) /

10 RELATIVE WIND SPEED, V KNOTSR_ 

_

11 RELATIVE WIND DIRECTION, a DEGREES I)

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

" 13 SEA STATE RESISTANCE R , (SEE FIG. 16) - ,.,,

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH = 1 x x 1.25 POUNDS

17 PROPELLER RESISTANCE = Rp = 3.737 x x 4 x 1 POUNDS

18 WIND RESISTANCE - R " 0.00506 x x( x ix 0 x ) POUNDS

19 TOTAL TOW RESISTAN4CE = RT + )+ J)+ (8) POUNDS -"

a
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CALCULATION OF TOW114G RESISTANCE

SHIP: " / DATE: - " /7_ ..

By:-,

ITEM
NO. DESCRIPTI ON UNITS '-_.___

I SHIP CLASS (AE, CVA, ETC.) ".1 ."'"

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS 7

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 7-70

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) -

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap (SEE TABLE 7) SQ. FEET " -

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A (SEE TABLE 7) -

. 7 CURVE NUMBER FOR WIN1D FACTOR, K , (SEE TABLE 7) -
.8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7)

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - /

10 RELATIVE WIND SPEED, VR KHOTS

11 RELATIVE WIND DIRECTION, c DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) I

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) -

14 SELECT A TOW SPEED, V KNOTS .

15 RH/A (SEE FIG. 17) -

16 HULL RESISTANCE - RH x( )x 1.25 POUNDS

17 PROPELLER RESISTANCE Rp - 3.737 x®x x x POUNDS

18 W IID RESISTANCE - w - 0.00506 x x x x ) Pou.os *.- .

19 TOTAL TOW RESISTA1NCE , RT , + + + POUNDS

,. ......

.. ,,..

T + U6 0).v8.17

. . . . . . . . .. .%
i

• "
•s



U-.

CALCULATION OF TOWING RESISTANCE

SHIP: f-.i, DATE: :/2'"/7"

".

ITEM
NO. DESCRIPTION UNITS -"_"_

1 SHIP CLASS (AE, CVA, ETC.) Ai6}.!

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TOIIS ".. -"

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET "'2""

4 WIND DRAG COEFFICIENT, Cw , (SEE TABLE 7) -

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET '.

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -7 ,

"* 7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7) - - . -'

CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

-. 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - ,

. 10 RELATIVE WIID SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES S

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE R (SEE FIG. 16) - /"

14 SELECT A TOW SPEED, VTOw KIOTS

15 RH/a (SEE FIG. 17)

16 HULL RESISTANCE = RH = @ xQ x 1.25 POU1NDS

. 17 PROPELLER RESISTA1CE - Rp - 3.737 x @ x 1 x 104 POUNDS .

18 WI1D RESISTANCE - R " 0.00506 xCG x(3x10x (1O x( POUNDS

19 TOTAL TOW RESISTANCE - RT - (iJ)+( b+( _1)" () POUN4DS , -

.%

-ez

, , .s



CALCULATION OF TOWIIG RESISTANCE

' ~ SHIP: ~&' IDATE:

ITEM
NO. DESCRIPTION UNITS _____

1 SHIP CLASS (AE, CVA, ETC.) A____

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS '*?

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET ')

4 WIN4D DRAG COEFFICIENT, C , (SEE TABLE 7)-

5 TOTAL PROJECTED AREA OF PROPELLERS, A ,(SEE TABLE 7) SQ. FEET - .'*

p _ _ _ _ _ _ _ _ _ _

2 6 CURVE NUBE FOR HULL RES ISTANCE, RH/A , (SEE TABLE 7)-

7 CURVE NUMBER FOR WIN4D FACTOR, K , (SEE TABLE 7)-

8 CURVE NUMBER FOR SEA STATE RESISTANCE, R, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8)-

10 RELATIVE WIND SPEED, VR KilOTS
R..

11 RELATIVE WIND DIRECTION, DEGREES

12 HEAD11JG COEFFICIENT K, (SEE FIG. 13-15) - ~ .,

13 SEA STATE RESISTANCE R , (SEE FIG. 16) - ~ . *

14 SELECT A TOW SPEED, VTO KNOTS -

15 RH/A (SEE FIG. 17)

16 HULL RES ISTANCE -RH x x x 1. 250 POUN4DS

17 PROPELLER RESISTANCE -R~ 3.737 x( @ x (4) x Q4POUNDS *

18 WIND RESISTANCE -R w 0. OOq06 x x 3 x @ x U&0 x (iD9 POUNDS

*19 TOTAL TOW RESISTA14CE RT _ POUNDS-1 jJ (+Qj 0) t8



-° . .[ . .

CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

" SHIP: 
/," / 6 j7' DATEr

#'% ";-'

" ",..' ~~BY-: S -..
-..

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.)- __,"__-

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS -7 ',/JO

3 FRONTAL WINDAGE AREA, AT SQ. FT. 1

4 TOW SPEED, VTOW KNOTS

5 OIRECTIO1N OF TRUE WIND FROM BOW, e DEGREES -•

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT V ( L6) COS (D] K"-TS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT /.

S9 WIND RESISTANCE, RW - (3) x f'8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) "-

11" SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH - (2") x (iOi x,1 ) POUNDS .

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

I4 PROPELLER RESISTANCE - Rp 3.394 x :13) x ) x 04 POUNDS 7,I

15 HULL RESISTANCE - i1OI x (2) - (i4) POUNDS /.,,"

16 SEA STATE RESISTANCE m R '12) (15)- POUNDS

17 TOTAL TOW RESISTANCE , R - + (12; POUNDS 7

I7.7-.

o,,

7---
"* .... ...- . '." -.- ' "--"..: "-:'.-- ':/ ;:'.',' ... Z ' .,.."C'

-;* .,.,- ,* ,.- T

,. . .. .- ,,,-. ..- ,.. , ,. ;-- - .• , . . . ..



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: /9 .'fl //t DATE: ?/2i/7

BY: /C

ITEM
*NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) Ac__/.."M

*2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOUS 7*/l6

*3 FRONTAL WINDAGE AREA, AT SQ. FT. L7,5

4. TOW SPEED, VTOW KNOTS

5 DIRECTIOll OF TRUE WIND FROM BOW, B DEGREES

6 TRE WID VEOCIT, V INDKNOTS

WIND VELOCITY COMPONENT VT - 04+[() xCOS KOT -/7:

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT

9 WIND RESISTANCE, R - x POUNDS 7.

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -

11 SEA STATE CORRECTION FACTOR K, (SEE TABLE 8) - J /' ...

12 HYDRODYNAMIC RESISTANCE RH 2) x (.1.6 xl 1) POU1NDS J
13 TOTAL PROJECTED AREA OF PROPELLERS, A~ SQ. FT. )

14 PROPELLER RESISTANCE -Rp 3.394 x -,..I x 04x 04 POUNDS 7/~'

-*15 HULL RESISTANCE 'A1O x -2)~ POUNDS-

16 SEA STATE RESISTANCE -Rs 12 (15)-14 POUNDS

A17 TOTAL TOW RESISTANCE -RT (121; POUNDS

17



,. u' vr iuw mri i.-N iWiY tiIIHOD USED I N U.S. NAVY TOWING MANUAL
1.,.

SHIP: / i'Yll DATE: Z12
, -- ,.- ...

- BY: , ,r

I TEM ':'

NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) _F M"0 .

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS ,

3 FRONTAL WINDAGE AREA, AT SQ. FT. 17/..

TOW SPEEDV KNOTS

5 OIRECTIO1N OF TRUE WIND FROM BOW, 0 DEGREES J?'

6 TRUE WIND VELOCITY, D KNOTS
WIND VELOCITY COMPONENT V ,, + COS KNOTS

3 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT 0

9 WIND RESISTANCE, RW (3) x (8) POUNDS

'.5 10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) '  4-..

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) "" .," ., %
.12 HYURODY1AMIC RESISTANCE RH - , (10. x-ll) POUNDS .1

13 TOTAL PROJECTED REA OF PROPELLERS, Ap SQ. FT. " "
14. PROPELLER RESISTANCE Rp 3.394 x AS) xp x POUNDS

15 HULL RESISTANCE - :.3 x 4- ) POUNDS

16 SEA STATE RESISTANCE - R .(1"2).  ,5)- @ POUNDS

17 TOTAL TOW RESISTANCE -RT , + (12, POUNDS .,7___, .

• -. v . :-::

.:1 4-.-

%, % " " ", ... .. e '"'.,. 
-

"..., . " - o'% . .. , . . ." e , - . ." . " - - " " "



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: I AE: ZL2 ,7-

BY: C

ITEM
NO . DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) r____C~,'.~6

-:2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS

3 1FRONTAL WINDAGE AREA, AT -SQ. FT. /7/i

4 TOW SPEED, VTOW KNOTS

5 DIRECTIO14 OF TRUE WIND FROM BOW, B DEGREES z54 '

6 TRUE WIND VELOCITY, VWN KNOTS -

WIND

7 WIND VELOCITY COMPONENT VTCo KNO0TS

a WIND PRESSURE*P, (SEE GRAPH 1) LBS/SQ.FT 0
9 WIND RESISTANCE, RW, 3 x (,8) POUNDS

-10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) -

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) - -

12 HYDRODYNAMIC RESISTANCE RH 12) (10 xli) POU14DS
H~4 x Q

13 TOTAL PROJECTED AREA OF PROPELLERS, A~ SQ. FT. )*

14 'PROPELLER RESISTANCE -Rp 3.394 x .13) xt ®'x 04. POUNDS

15 HULL RESISTANCE - -.10) x (2) - POUNDS /

1 SEA STATE RESISTANCE - ~-0' ''GPOUNDS
16 S 12) 05)-

17 TOTAL TOW RESISTANCE - RT ~ + (12., POUNDS 7-(I T



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: r ,t" DATE: / '7

BY: £C-$

ITEM
NO. DESCRI PTI ON UNITS

I SHIP CLASS (AE, CVA, ETC.) ___ __' -

2 TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS 4 1.

3 FRONTAL WINDAGE AREA, AT SQ. FT. /7/'" .

L TOW SPEED, VTOW KNOTS "5 '

5 OIRECTIO14 OF TRUE WIND FROM BOW, B DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS -

"7 WIND VELOCITY COMPONENT VT  40 [C6) COS 05 K140TS 2

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW - , (8) POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) .-

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

12 HYDRODYNAMIC RESISTANCE RH .2 (10. x li) POUNDS 7 , I2.

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT. I; / -'.

I4 PROPELLER RESISTANCE = Rp - 3.394 x 1,'x x POUNDS II p<"

15 HULL RESISTANCE - iO) x ( (42) - ) POUNDS 4","

16 SEA STATE RESISTANCE - R 1 '2- .5)- POUNDS

17 TOTAL TOW RESISTANCE - RT 1 9>, + 12' POUNDS '-.,;"

.1-

.. :,... 4 .. ..KK.-. -.. ? A.. .* ;:~* r-

S.. .. .- f A !....*./,- ,'.,'.. .. % .:.,,,,* - - , > .. , ,.



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: A . ' DATE: " ? _',

BY: £-

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) _____'_"

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS 

3 FRONTAL WINDAGE AREA, AT SQ. FT. L'

4 TOW SPEED, VTOW KNOTS

5 OIRECTIO4 OF TRUE WIND FROM BOW, 0 DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 -WIND VELOCITY COMPONENT VT (6)x COS KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT -,

9 WIND RESISTANCE, RW , (3) x (8' POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE rH (SEE GRAPH 2) --

II SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

* 12I HYDRODYRAMIC RESISTANCE RH = 2) 0 * x 11) POU14DS I7,/2
13 TOTAL PROJECTED ,AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE Rp 3.394 x Y13' x 04 x 04. POUNDS It /,,.-

15 HULL RESISTANCE " ,iOI x ( 14) " Q4. POUNDS

16 SEA STATE RESISTANCE - R 2i ) - (5POUNDS 7

17 TOTAL TOW RESISTANCE - RT , + (12.' POUNDS :

:> %fI'. . . . . -. •.

,A ., ....



%,,'%.':.

IMbLt.-

CALCULATION OF TOWING RESISTANCE

S ' SHIP: , /'- DATE:

BY: .CS

ITEM.

*'; NO. DESCRIPTIO14 UNITS

I SHIP CLASS (AE, CVA, ETC.) .________":'"

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS .,,.-.

3 .FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) - "'--

5 TOTAL PROJECTED AREA OF 'ROPELLER', A p, (SEE TABLE 7) SQ. FEET ,,j

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - -)

*' 7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) - 7

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) /

"" 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR K JOTS ff)

11 RELATIVE WIND DIRECTION, C DEGREES -

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) "

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) - "')

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) -..

16 HULL RESISTANCE = RH () x x 1 .25 POUNDS -- 7

" 17 PROPELLER RESISTANCE - Rp 3.737 x .. x x POUNDS

S18 WI,"D RESISTA1CE R 0.00506 x® x 3 x @ (f) x POUNIDS 7

19 TOTAL TOW RESISTANCE U R.+ + l3Q8) POUNDS
..E.T1. RT A077;

4 ,%

o ' % ql,



*IM-LL - "

CALCULATION OF TOWING RESISTANCE
, I: "-

H I P: -IlDT

.. BY:ITEM,
NO. DESCRIPTION UNITS _"-_

I SHIP CLASS (AE, CVA, ETC.) /14 ,W

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET /7/..

4 WI.D DRAG COEFFICIENT, C , (SEE TABLE 7) -

. 5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET ,-

-- 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) *'-

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - 0

- ji10 RELATIVE WI ID SPEED, VR KiOTS

11 RELATIVE WIND DIRECTION, o DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOW KNOTS

* 15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE - RH " 0 x @ x 1.25 POUNDS 7

17 PROPELLER RESISTANCE - Rp - 3.737 x($)x x POUNDS

18 WIIND RESISTANCE - R , 0.00506 xGx x x x (ID4 POUNDS

19 TOTAL TOW RESISTANCE - RT , + + + ( L) POUNDS

- , *. . 7* **," , ,*.*.'-'- ,.

-.. . .PJ.P ~ -%', i°O.:7 7

.. *. ° • ;.



- ,-

CALCULATION OF TOWING RESISTANCE

SHIP: ' ;." DATE:

[.-, ~~~BY : k ,. ,. -.5-

I TEM..."NO. DESCRIPTION UNITS _______

I SHIP CLASS (AE, CVA, ETC.) F l ,,. ;"

2 TOW DISPLACEMENT, a (SEE TABLE-7) LONG TONS .'.,'

_.3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WIlD DRAG COEFFICIENT, C , (SEE TABLE 7) - -

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7)

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7)

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - 1 g

10 RELATIVE WIND SPEED, V KNOTS ,
R -

• 11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) 1.20

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) - ((,)

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE = RH = ® x(x 1.25 POUNDS

17 PROPELLER RESISTA1NCE = R= 3.737 x@ x 0 x G POUNDS

18 WIIID RESISTA1NCE = R 0.00506 x, ,x x )x Qi) POUNDS
w

19 TOTAL TOW RESISTA1ICE , RT = Q3)+Q1.p++1) POUNDS

T + +

'I

°'-.0 -..

,o• •



* ... * - 1 - . a

." TABLE- b

CALCULATION OF TOWING RESISTANCE

SHIP: P-/t- Fr- DATE: 7'

BY:____________

ITEM

NO. DESCRIPTION UNITS ,-__-_-

1 SHIP CLASS (AE, CVA, ETC.). FF /:f' .

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 1/: '

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) - 7,

- TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
p _, _-- _ _._.

" CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -.--

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) - L_

"'* 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) 1/

10 RELATIVE WIND SPEED, VR KNOTS / -

11 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) - ""-

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) "IV)

14 SELECT A TOW SPEED, VToW KNOTS "

15 RH/& (SEE FIG. 17)

16 HULL RESISTANCE - RH - x x 1.25 POUNDS 17

17 PROPELLER RESISTANCE - RP 3.737 x x (14 x POUNDS ,I .

18 WIIID RESISTANCE - Rw - 0.00506 xGX x @ xQ: POUNDS -

19 TOTAL TOW RESISTANCE = RT= "+ Q6) + +Q8 POUNDS
T,......

* -.. ' * ......... :.** * .. .... * * ...:.



CALCULATION OF TOWIING RESISTANCE <9

SH IP: - DATE : ,:l-...,:

BY: ""'

ITEM
NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) ,r ,'"/':

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS ?'/,"-

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WI1D DRAG COEFFICIENT, Cw, (SEE TABLE 7) t. 

5 TOTAL PROJECTED AREA OF PROPELLERS, A p (SEE TABLE 7) SQ. FEET 1.

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) '

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - .

10 RELATIVE WIIID SPEED, VR K1OTS

11 RELATIVE WIND DIRECTION, a DEGREES .

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE Rs, (SEE FIG. .16)

14 SELECT A TOW SPEED, VTOW KNOTS -

15 RH/A (SEE FIG. 17) -

16 HULL RESISTANCE - RH , @ x x 1.25 POUNDS , s')

17 PROPELLER RESISTA1NCE - - 3.737 x@ x x POUNDS

18 WI iD RESISTANCE - Rw 0 0.00506 x x x @ x (1 x (, POUNDS ,

19 TOTAL TOW RESISTAICE -T + + .+ t1) POUNDS

.9.

,,



K . a.--.-

CALCULATION OF TOWING RESISTANCE

SHI IP: A- 0"t DATE: 7, .

BY:-I " .

ITEM

, NO. DESCRIPTION U1ITS

1 SHIP CLASS (AE, CVA, ETC.)

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS '

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET I '.

4 WI1D DRAG COEFFICIENT, C , (SEE TABLE 7) 7.

5 TOTAL PROJECTED AREA OF PROPELLERS, A (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - .

* 7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7)-

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs t (SEE TABLE 7) - -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-B) -

10 RELATIVE WIND SPEED, VR __OTS __ _ "__,_..

11 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) - 1.0 "'"

13 SEA STATE RESISTANCE Rs, (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOW KNOTS do-

15 RH/A (SEE FIG. 17) -

16 HULL RESISTANCE = RH ,, x x 1. 25 POUNDS

17 PROPELLER RESISTANCE - Re = 3.737 x x @ x 10 POUNDS ""

W11WD RESISTA1CE = 0.00506 x x x x x POUNDSw @x( x PUD

19 TOTAL TOW RESISTANCE - RT + 3+6)+ +I§) POUNDS '". '","

6.'.

,!- ,:..

".o . -° .-

** * a *

- a **sa . .-.. . . . %



i~bLt - 0

CALCULATION OF TOWING RESISTANCE

SHIP: T DATE: ,2 /

.L BY: e c __ __ _

ITEM 
I.

NO. OESCRI'PTION UNITS

I SHIP CLASS (AE, CVA, ETC.) ' 4'"

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS ,)

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET /

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) - o 7 r

5 TOTAL PROJECTE15 AREA OF PROPELLERS, Ap., (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) ,.,

8 CURVE NUMBER FOR SEA STATE RESISTANCE, R (SEE TABLE 7) "

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE W1110 SPEED, VR KNOTS -

11 RELATIVE WIND DIRECTION, c DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) ,,.

13 SEA STATE RESISTANCE Rs, (SEE FIG. 6) -

14 SELECT A TOW SPEED, VTOW KNOTS

- 15 RH/A (SEE FIG. 17)

16 HULL RESISTANCE - RH @ 5 x x 1.25 POUNDS

17 PROPELLER RESISTANCE - Rp - 3.737 x 1 POUNDS .

18 WIIeD RESISTANCE - R = 0.00506 x x(0 x @ x 1U x POUNDSw177

19 TOTAL TOW RESISTA14CE - RT = ,3) +.6)+,.+u) POUNDS

4 -x

- .''' .**.' .
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CALCULATION OF TOWING RESISTANCE

S SHIP: r-' ) DATE:

BY: _ c ________

I TEM ..-'NO. DESCRIPTION UNITS

1 SHIP CLASS .(AE, CVA, ETC.)

2 TOW DISPLACEMENT, a (SEE TABLE-i). LONG TONS zJ-

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET 7 e;

4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) /7..

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET
.. 'p_

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) - .

8 CURVE NUMBER FOR SEA STATE RESISTANCE, RE, (SEE TABLE 7 .

. 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -:"

to RELATIVE WI, SPEED, VR KtOTS

SI1 RELATIVE WIND DIRECTION, DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) .

13 SEA STATE RESISTANCE R , (SEE FIG. 16) ,

14 SELECT A TOW SPEED, VTOW KNOTS 4" -

15 RH/A (SEE FIG. 17) -,

16 HULL RESISTANCE , RH 1 0 x x 1.25 POUNDS
17 PROPELLER RESISTANCE , Rp ,3.737 x( x @ x @ POUNDS

18 WIND RESISTANCE -. R 0.00506 xG x (Dx x uJ x (14 POUNDS I

19 TOTAL TOW RES ISTANCE , RT Q3)+ Q6) + _+ _)

zTPOUNDS

' • . . .. _.. .4-..- ,.

4-. . '-

"-.. - +-,-.+...- -.. _, ,,,-- .',%V%-,44_"g :" " . "* *
'., . .€ V ':".:,."""4-': '":4;i'''



CALCULATION OF TOW RESISTANCE BY fMETHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: t f ' DATE:

BY: )2 .;s

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) q_,-__ ___ __..-

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TO _S_,____

3 FRONTAL WINDAGE AREA, AT SQ. FT. 05J/.

4 TOW SPEED, VTOW KNOTS

5 OIRECTIO OF TRUE WIND FROM BOW, 9 DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS ,

7 WIND VELOCITY COMPONENT VT - (, +E6) x COS (5 KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT .

9 WIND RESISTANCE, RW - (W, x (8) POUNDS . -

Ice-" 10. HYDRODY14AMIC UNIT RESISTANCE rH  (SEE GRAPH 2) -

.. SEA STATE CORRECTION FACTOR K. (SEE TABLE 8) "" J, /I-
12 HYDRODY14AMIC RESISTANCE RH - (2) x (i0) x(11) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE = Rp 3.394 x 13) x O  x O POUIDS . --

15 HULL RESISTANCE - i()' x - Ql'§ POUNDS

- 16 SEA STATE RESISTANCE - R) - Q ) - (j-6 POUNDS

17 TOTAL TOW RESISTANCE - RT = + (12) POUNDS :

T .POUNDS

": S....

. - a.-. ,. * .



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: 14' , O.., , DATE: : / 7 A

BY: )2."

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) __"_____

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS /',' -

3 FRONTAL WINDAGE AREA, AT SQ. FT. */,' , "

4 TOW SPEED, VTOW KNOTS ___-_

5 OIRECTIO14 OF TRUE WIND FROM BOW, G DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WINO VELOCITY COMPONENT VT + C~ 0~ xCS (DJ KNO0TS

WIND PRESSURE P, (SEE GRAPH 1 LBS/SQ.FT , -.I~ ,' .~

WIND RESISTANCE, Rw (3) x (8 POUNDS x (A

10 HYDROQYIAAMIC UNIT RESISTANCE r (SEE GRAPH 2) "°

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

-* 12 HYDRODYNAMIC RESISTANCE RH , (2) x (10 xU1) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, A~ SQ. FT.

14 PROPELLER RESISTANCE - Rp - 3.394 x 13'1 x Dx POUNDS ,,,*'

15 HULL RESISTANCE - AiO x (2) - p POUNDS

16 SEA STATE RESISTANCE -R~ 0 (2) Q (5)4 - POUNDS

17 TOTAL TOW RESISTANCE - RT - ':9"> + (12) POUNDS

T (1.-:OND

°*



r • - -. .-- .- °-

* CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: F o.f 3g DATE: Z-'"

. .....:. BY : " '.

ITEM
NO. DESCRIPTION UNITS

he.. 1 SHIP CLASS (AE, CVA, ETC.) _F______

2,.. 2 TOW DISPLACEMENT, a (SEE TABLE 7) LONG TONS /ffQQ

3 FRONTAL WINOAGE AREA, AT SQ. FT. Io T

4 TOW SPEED, VTOW KNOTS

- 5 OIRECTION4 OF TRUE WIND FROM BOW, e DEGREES 3Y

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WINO VELOCITY COMPONENT VT +) COS 5J KNOTS

8 WINO PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT ,

S"9 WIND RESISTANCE, RW , X POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) --H., 7,. 3,.-::

II SEA STATE CORRECTION FACTOR K, (SEE TABLE 8)

12 HYDRODYNAMIC RESISTANCE RH - () x Q) x 11) POUNDS

13 TOTAL PROJECTED A'REA OF PROPELLERS, Ap SQ. FT.

l PROPELLER RESISTANCE - Rp 3.394 x ;1"3) x x POUNDS 2:'

15 HULL RESISTANCE - (0(O) x ( ) E POUNDS

16 SEA STATE RESISTANCE , R , (I-2) - (15) -GPO q40

17 TOTAL TOW RESISTANCE RT ( POUNDS

- ',-;Ii.

.% •n



... '.-

• "CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: Ag YR S' S S # // DATE: 212

BY: PCS

ITEM
NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) _ _ "

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS /rY00

3 FRONTAL WINDAGE AREA, AT SQ. FT.

4" TOW SPEED, VTOW KNOTS

5 OIRECTIOI4 OF TRUE WlID FROM BOW, 9 DEGREES -.

6 TRUE WIND VELOCITY, VWlND KNOTS

7 WIND VELOCITY COMPONENT V- ( + x COS KNOTS '

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT '

" . 9 WIND RESISTANCE, Rw " x POUNDS "

10 HYDRODYIIAMIC UNIT RESISTANCE r (SEE GRAPH 2) ".
.. , .2_3,/ '/,::::

11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) -

12 HYDRODY1IAMIC RESISTANCE RH " 0 x xI) POUNDS

13 TOTAL PROJECTED AtREA OF PROPELLERS, Ap SQ. FT.

- 14 PROPELLER RESISTANCE - Rp . 3.394 x ;13) x, ( x. POUNDS JZ-.

15 HULL RESISTANCE - (iO) x - POUNDS

16 SEA STATE RESISTANCE- R5  - . POUNDS Z 6o

17 TOTAL TOW RESISTANCE - RT - ( 12) POUNDS

Il.

, .

...., . •
. .....

r,,., . , . .. . . . . . .. , . ..... ,..,..,';. ; ,. .. ,'."-...,,'., " . " : "- -" .



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: AFaiffs SNp DATE: 2/z 17"..

BY: PCS

ITEM
, NO. DESCRIPTION UNITS

I SHIP CLASS (AE, CVA, ETC.) 4.0 fs

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TONS /515,09

3 FRONTAL WINDAGE AREA, AT SQ. FT. 5'

4 TOW SPEED, VTOW KNOTS

5 "DIRECTION OF TRUE WIND FROM BOW, B DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT V - + x COS 0. 1 1KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ. FT

: 9 WIND RESISTANCE, Rw " ) x POUNDS 7f9 7

"'I 10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) --AFrH, o. 7 ;;''

11 SEA STATE CORRECTION FACTOR K (SEE TABLE 8)/"

12 HYDRODYI4AMIC RESISTANCE RH - ) x . x (.11) POUNDS

13 TOTAL PROJECTED jAREA OF PROPELLERS, Ap SQ. FT.

14 PROPELLER RESISTANCE , Rp - 3.394 x ;13) x x Q POUNDS

15 HULL RESISTANCE - x 2) - POUNDS /g(4

16 SEA STATE RESISTANCE - R - (12) - (15)- POUNDS

17 TOTAL TOW RESISTANCE , RT = (12) POUNDS

T .,.



-~~~ ... -. ' -- : -. .7 - - 7

CALCULATION OF TOW RESISTANCE BY METHOO USED IN U.S. NAVY TOWING MANUAL

*SHIP: Air 'tm Troaefs DATE:~ Q ZIjzL&.U

-. ~BY: c C$'",.

ITEM
.. ' NO. DESCRIPTION UNITS-

*UNITS

. I SHiP CLASS (AE, CVA, ETC.) __A__ 5"9

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TO1S /!r "4-

3 FRONTAL WINDAGE AREA, AT SQ. FT.

" TOW SPEED, VTOW KNOTS

. 5 DIRECTION OF TRUE WIND FROM BOW, , DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS

7 WIND VELOCITY COMPONENT VT - () x COS (] KNOTS

8 WIND PRESSURE P, (SEE GRAPH I) LBS/SQ.FT-

9 WIND RESISTANCE, R " - ) x ( POUNDS

10 HYDRODYNAMIC UNIT RESISTANCE r (SEE GRAPH 2) ..

i 11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) --

" 12 HYDRODYNAMIC RESISTANCE RH - 2) x Q ) x(111) POUNDS

13 TOTAL PROJECTED AREA OF PROPELLERS, Ap SQ. FT. "

14 PROPELLER RESISTANCE , Rp , 3.394 x ;13) x ( POUNDS

15 HULL RESISTANCE .101 x ( () - POUNDS

16 SEA STATE RESISTANCE., Rs  , (12 " (5)-@ POUNDS

17 TOTAL TOW RESISTANCE - RT + (9") . (12) POUNDS _ZZO.
T ( Z

.. ...""-..

°,-'



CALCULATION OF TOW RESISTANCE BY METHOD USED IN U.S. NAVY TOWING MANUAL

SHIP: AjE 5-A vrapef. St#II; DAE g1V

BY: ,/

ITEM
NO. DESCRIPTION UNITS

-. - __•______.________

1 SHIP CLASS (AE, CVA, ETC.) A' __TA

2 TOW DISPLACEMENT, A (SEE TABLE 7) LONG TOlS /""

3 FRONTAL WINDAGE AREA, AT SQ. FT. ________-_

•4 1; TOW SPEED, VTOW KNOTS

5 OIRECTION OF TRUE WIND FROM BOW, B DEGREES

6 TRUE WIND VELOCITY, VWIND KNOTS-,'

7 WIND VELOCITY COMPONENT VT 4 +D6 x COS KNOTS

8 WIND PRESSURE P, (SEE GRAPH 1) LBS/SQ.FT

9 WIND RESISTANCE, RW x ( .., POUNDS 0,C

10 HYORODYNAMIC UIIIT RESISTANCE rH (SEE GRAPH 2) --•~~H 6.17.'-..
11 SEA STATE CORRECTION FACTOR K1  (SEE TABLE 8) ""

12 HYOROOYNAMIC RESISTANCE RH ( () x ) X t11) POUNDS

13 TOTAL PROJECTED FREA OF PROPELLERS, A SQ. FT.

14 PROPELLER RESISTANCE - Rp - 3.394 x 13) x ( x ( POUNDS ..

15 HULL RESISTANCE ,, 1 x (')- I) POUNDS

16 SEA STATE RESISTAN4CE I R (.POU) N OUDS

17 TOTAL TOW RESISTANCE -RT 0'(2) POUNDS 173;0

5a.

. . .-. :.:,S
~ ~ '.s *



-. . . . . . . - .

S•.CALCULATION OF TOWING RESISTANCE

SHIP: AcP fs SN'P DATE: /Z

BY: _c____

ITEM
- NO. DESCRIPTION UNITS

1 SHIP CLASS (AE, CVA, ETC.) Ac 5"

2 TOW DISPLACEMENT,A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4 WID DRAG COEFFICIENT, C , (SEE TABLE 7)

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEETp '_I__,_:
6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - i"

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7) -

- 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, c DEGREES "

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -

13 SEA STATE RESISTANCE R (SEE FIG. 16) -

14 SELECT A TOW SPEED, VTOw KN"OTS

15 RH/A (SEE FIG. 17)

16. HULL RESISTANCE = RH © x x 1.25 POUNDS

17 PROPELLER RESISTANCE p - 3.737 x@x @ x POUNDS

WIND RESISTANCE - R- 0.00506 x® x@ x @x x 1 POUNDS ":7"

"1 TOTAL TOW RESISTANCE -RT=, "+Q, +Oj)+U ) POUNDS /o .3'S
T + .- + + QJ8

. . .. . . . . . . . . -. *tC.*%- - *. **



-"
CALCULATION OF TOWING RESISTANCE

SHIP: Ar g s reL_! ,,p DATE: 21'/7'.

BY [e " '

ITEM
NO. DESCRIPTION UNITS __._--_--

r' " -y
1., SHIP CLASS (AE, CVA, ETC.) _"_,,,'o

-.:. 2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS /5'OO

3 FRONTAL WINDAGE AREA, AT , (SEE TABLE 7) SQ. FEET

4 4 WI1D DRAG COEFFICIENT, Cw, (SEE TABLE 7) -75

''' 5 TOTAL PROJECTED AREA OF PROPELLERS, A p, (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/&, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) - -

" 9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -.

10 RELATIVE WIND SPEED, V. KOTS

11 RELATIVE WIND DIRECTION, a DEGREES 0

12 HEADING'COEFFICIENT K, (SEE FIG. 13-15) -0

13 'SEA STATE RESISTANCE Rs, (SEE FIG. 16) -

14 SELECT A TOW SPEED, V KNOTS

S". 15 RH/A (SEE FIG. 17)

1 - HULL RESISTANCE - RH x 1. 2 POUNDS , 2".
17 PROPELLER RESISTA1CE - Rp - 3.737 x ( x 4 x GPOUNDS 2

1 14 WID RES ISTAN4CE - Rw n 0. 00506 x x~i x (g)x (EO) x 10 POUIIDS

19 TOTAL TOW RESISTANCE- RT OS
-~~~~~~ +_________________+____ b______+_______8 POUNDS -

,, .,9?

*,. o,. i.,.. . . ...--... o. **• •***-- .- ." -.



" r~*o " CALCULATION OF TOWING RESISTANCE "

SHIP: f 5, Or." i/ DATE: 212f

BY: , _"

: ..,.. I TEM

S , I ENO. DESCRIPTION UNITS

" 1 SHIP CLASS (AE, CVA, ETC.). .___e 3'

2 TOW DISPLACEMENT, & (SEE TABLE-7) LONG.TONS .

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

,.; 4 WIND DRAG COEFFICIENT, Cw, (SEE TABLE 7) -

. 5 TOTAL PROJECTED ARE, OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET....- I p__.__-.__-.
6 CURVE NUMBER FOR HULL RESISTANCE, RH/&, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7). - /
8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT-NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES 3
S .- 12 HEADING COEFFICIENT K, (SEE FIG. 13-15)-

13 SEA STATE RESISTANCE R s (SEE FIG. 16)
. 14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) 2'•"-'? ; """2,0o5" *

16. HULL RESISTANCE - RH = x x 1.25 POUNDS

. 17 PROPELLER RESISTANCE - Rp , 3.737 x x G x POUNDS• .., .. . 3 5"?. .-v

1o ®WIND RESISTANCE - R - 0.00506 x x @ x @ ( x ___ POUNDS

19 TOTAL TOW RESISTANCE - R +.. .~ I:'-• " ; 19 OTL OW ESSTACE- T  +-3 + + QJ8 POUNDS f"

S ., --

A.,. ..-: :

.,' -. . _.. .... ,. ._,.*. . . - * % '. .* ' ~ ' . .

-,' ,.:...... - -. a - .S*

*%.% **o* 5



'''CALCULATION OF TOWING RESISTANCE .

SHIP: s .j / sTha- S4#/,b DATE:

BY :

.' ITEM
t'..'. NO. DESCRIPTION UNITS "_-___.

• 1 SHIP CLASS (AE, CVA, ETC.). .F T9

2 TOW DISPLACEMENT, a (SEE TABLE-i) LONG. TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

• ' 4 WIND DRAG COEFFICIENT, C w  (SEE TABLE 7) -

5 TOTAL PROJECTED AREA OF PROPELLERS, Ap, (SEE TABLE 7) SQ. FEET
p .. _-..•.

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

.". 10 RELATIVE WIND SPEED, VR KNOTS . ta87• .. : ..
11 RELATIVE WIND DIRECTION, a DEGREES .2.,

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) --

13 SEA STATE RESISTANCE R, (SEE FIG. 16) - /5-..

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17)

16. HULL RESISTANCE- RH- x x 1.2 POUNDS

. 17 PROPELLER RESISTANCE - Rp - 3.737 x x1 x POUNDS

18 WIND RESISTANCE " R " 0.00506 x x x @ x (0 x @ POUNDS

19 TOTAL TOW RESISTANCE * RT - '3)+Q6+Q-?(8 POUNDS

- .J. "

. .,:... .... ,

I.
:.' " "• *C-.



CALCULATION .OF TOWING RESISTANCE

SHIP: A 58 ,r7OgSe <A(IP DATE:

BY: /Zc

ITEM
NO. DESCRIPTION UNITS

" I SHIP CLASS (AE, CVA, ETC.). AO_ _ T,8

- 2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG TONS

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET - " yo

4 WIND DRAG COEFFICIENT, Cw , (SEE TABLE 7) - 7 5,7

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

S .-- 6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) - .-

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WINO)- (SEE TABLE-8)

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, a DEGREES

": 12 HEADING COEFFICIENT K, (SEE FIG. 13-15) -/0

13 SEA STATE RESISTANCE Rs, (SEE FIG. 164 '

14 SELECT A TOW SPEED, VTOW KNOTS

15 RH/A (SEE FIG. 17) --S' 0. 83

16. HULL RESISTANCE- RH- x ,x 1.25 POUNDS

17 PROPELLER RESISTANCE- Rp 3.737 X(?x G x POUNDSP" ... G x 03 :,:

18 WIND RESISTA1CE- R - 0.00506 xG x@ x @x 016 x POUNDS.

*:; 19 TOTAL TOW RESISTANCE " RT " "13Y+ (i6+(i7+ (i) POUNDS

be

. % .'v. *% . % *'%," .;% %%..';%..'". ~ ' **%*

0 .*,9.



CALCULATION OF TOWING RESISTANCE

SHIP: AR 51 S7"bRt& I /1 P DATE: Tf

By: L .. .

ITEM
.. " NO. DESCRIPTION UNITS

... 1 SHIP CLASS (AE, CVA, ETC.).

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG.TONS

3 FRONTAL WINDAGE AREA, AT, (SE TABLE 7) SQ. FEET

4 WIND DRAG COEFFICIENT, C , (SEE TABLE 7) -- z,?.-
5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

p _."

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) "•' ... 7 :

7 CURVE NUMBER FOR WIND FACTOR, K, (SEE TABLE 7) -

8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7) -

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) -

10 RELATIVE WIND SPEED, VR KNOTS

11 RELATIVE WIND DIRECTION, t DEGREES

12 HEADING.COEFFICIENT K, (SEE FIG. 13-15) -1.3
. 13 SEA STATE RESISTANCE R (SEE FIG. 16) ,

1- SELECT A TOW SPEED, V KNOTS

.. 15 RH/A (SEE FIG. 17)

16- HULL RESISTANCE - (H )x Zx 1.25 POUNDS

17 PROPELLER RESISTANCE - Rp 3.737 x(5 x AM x (9 POUNDS 99o

1 ID RESI ISTANCE - R - o.00506. x® x @ x 100 x 109 POUNDS

19 TOTAL TOW RESISTANCE - RT - + .+ POUNDS

"N N-1

.A 2.
"J

/ -,.. *. ..I..,. 1<"._'_%,_'. _ ,.. , ,. ,. ,.'."-.,,,r . % .,,-. ,,r - - . -', . . -. . ', '
"  

,

="% % %, %, , .t ' ,", , ,'e% " " % % * •" "i ,- %'i' .. % *V, l.,



.'" CALCULATION OF TOWING RESISTANCE

• .--SHIP: A4 5S 8 rL /I DATE:. r,.LiY,1Z7

" BY: 12 CS

" NO. DESCRIPTION UNITS

I. .... 1 SHIP CLASS (AE, CVA, ETC.) ." -

2 TOW DISPLACEMENT, A (SEE TABLE-7) LONG. TONS /550d

3 FRONTAL WINDAGE AREA, AT, (SEE TABLE 7) SQ. FEET

4I WIND DRAG COEFFICIENT, C , (SEE TABLE 7) -. 7 55

5 TOTAL PROJECTED AREA OF PROPELLERS, A , (SEE TABLE 7) SQ. FEET

6 CURVE NUMBER FOR HULL RESISTANCE, RH/A, (SEE TABLE 7) -

7 CURVE NUMBER FOR WIND FACTOR, K , (SEE TABLE 7)

. " 8 CURVE NUMBER FOR SEA STATE RESISTANCE, Rs, (SEE TABLE 7 --

9 BEAUFORT NUMBER (WIND) - (SEE TABLE-8) - /

10 RELATIVE WIND SPEED, VR KNOTS

I 1 RELATIVE WIND DIRECTION, a DEGREES

12 HEADING COEFFICIENT K, (SEE FIG. 13-15) - .8

' :" 13 SEA STATE RESISTANCE R, (SEE FIG. 16) - "f I,, O
14. SELECT A TOW SPEED, VKIOTS

: 15 RH/A (SEE FIG. 17)

16. HULL RESISTANCE - RH - x . x 1.25 POUNDS "-"

, 17 PROPELLER RESISTANCE - R 3.73 x x POUNDS

18 WIiND RESISTANCE - R a 0.00506 x x x @ x Q5 x (1A POUNDS

19 TOTAL TOW RESISTANCE RT Q3) -("3+Q6) + (i )POUN8DS

* , *J
-. "o

- -
*-

'b : .• -:'

~ .- * * 4 ~ * -'. . °
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