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abstract 

Part I of this report deals mainly with the static 

surface mooring line, and presents a computer solution 

accuracy, the system's steady-state configuration with 
tension. 

case of a single point 

to provide. with reasonable 

regard to geometry and line 

The work reported her. i» „„ .«eneton of work presented in reference 2. 

and presents a three-dimensional solution to the seneral three-dimensional buoy 
system. J 

The c°mputer program presented is written in FORTRAN. A complete 
listing and detailed instructions for its use are included. 

for a „0T! T11' tïP‘C‘' Cen,ral Pr°C<!S“0r ,lme '»«'“Pi«' 11-1= computation 
line divided into 100 seements including I/O and plotting calculations is 6 

seconds Computational time for one integration cycle alone (from top to bottom of 
the line) for the same system is 0.2 seconds. 

2 



TABLE OF CONTENTS 

Section Page 

1.0 

2.0 

3. 0 

4.0 

GENERAL. 

1.1 Introduction ....... 

1.2 Assumptions, Limitations and Suggestions 
for Further Study 

THEORETICAL ANALYSIS. 

2. 1 Analysis of Forces - Static or Steady State 

2. 1. 1 Static Forces Applied to the Mooring 
Line ...... 

a. Continuous Forces . 

b. Discrete Forces 

2. 1.2 Static Forces Applied to the Surface 
Buoy ...... 

2 2 

I. 3 

Stress-Strain Relations .... 

a. Metallic Cables .... 

b. Fibre Ropes ..... 

Mooring System Analysis - Static 

2. 3. 1 Mooring Line Equilibrium Equations 

a. Uniformly Loaded .... 

b. Discretely Loaded. 

2.3.2 Surface Buoy Equilibrium Equations 

METHOD OF SOLUTION. 

3. 1 Program Logic ...... 

3. 1. 1 Segmentation of the Mooring Line 

3. 1.2 Initialization of Integration Procedure 

3.1.3 Integration Procedure . 

3.1.4 Iteration Procedure 

3.2 Control Parameters. 

PHYSICAL PARAMETERS AS INPUT INFORMATION 

4. 1 Surface Buoy. ...... 

4.2 

4.3 

Instrumentation, Discrete Buoyancy and 
Concentrated Forces. 

Elastic Response of Mooring Line Materials 

4. 3. 1 Loads Experienced by a Mooring. 

4. 3. 2 Experimental Results for Fibre Rope 

Hydrodynamic Drag Coefficients. 

Current Profile Formulation 

5 

5 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

11 

12 

13 

13 

13 

14 

15 

16 

17 

19 

19 

19 

20 

20 

20 

22 

22 

3 



Section 

5.0 

6.0 

7.0 

TABLE OF CONTENTS (continued) 

PROGRAM INSTRUCTIONS AND DETAILS . 

5. 1 Mooring Pile-Up ai Ocean Floor 

5.2 Tension >r Depth Becoming Less Than Zero 

5.3 Calculation of Error Bounds 

5. 4 Data Input Required by Computer Program 

5.5 Program Capabilities and Limitations 

CASE STUDY 

REFERENCES . 

APPENDIX A 

APPENDIX B 

APPENDIX C 

Program Listing and Variable Definitions. 

Subroutine Speed. 

Subroutine Angle. 

Page 

.25 

.25 

.26 

.26 

.27 

.29 

• 3U 

.31 

.67 

.62 

.85 

„ Jit,. 



•St 

1 •0 Cioneral 

1 • 1 lntro(hirtu>n 

An economical and accurate analysis of mooring lines is imperative in 

the present days of large ships and buoys which must be anchored in the deep sea. 

Huovs are used by oceanographers to place instruments at relatively fixch points 

in the deep sea. In the past, design criteria were based mainly on intuition and/ 

or emperica 1 knowledge gained through a long and costly process of trial and error 

It is also well known that the buoy system dynamics has considerable effects on the 

oceanographic data recorded by certain instruments. Mooring motion must occur 

m response to a change in the oceanic velocity field. If an instrument measures 

current, it records the current relative to the mooring line. As a result mooring 

motion is present as an extraneous signal in the measurements. The motion of a 

mooring line is thus an important feature in the interpretation of oceanographic 

data. 

In recei years analysis of the steady-state forces acting on a deep-sea 

n oored buoy system have been made by many people (References 1,2,5, 6,«, 11)# 

however, most of the work conducted has been restricted to taut or slightly slack 

mooring lines in planar flow. The presence of high currents in certain 

areas forces the design of slack moors. Also, relatively little work has ben re¬ 

ported on the dynamic response of mooring lines (References 3,4,1,7,8, 101. 

This report is l'art 1 of a four part report and deals mainly with the 

static case of a single point surface mooring line. The mooring lines may vary 

in content and more often than not are compound. Velocity in the deep sea varies 

from place to place and in depth, and time. 

For these reasons a computer program has been developed to study the 

steady-state configuration of a mooring line, making it as general as possible. 

The program in its present state is in three dimensions and takes into account: 

a. Mooring lines made of any type or number of materials. 

b. Nonlinear elasticity dependent on the prior loading history. 

c. Concentrated forces applied anywhere, including ends, 
along the line. 

d. Current profiles of any nature. 

e. Gravitational and drag forces in both normal and tangential 
directions. 
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f. Any type or any number of instruments along the line 
including subsurface buoys. 

A typical surface mooring line is shown in Fig. 1. 

1.2 Assumptions, Limitations and Suggestions for Further Study 

The main objective of this program is to provide with reasonable accuracy 

the system's steady-state configuration with regard to geometry and line tension. 

The mooring system is limited to a single surface buoy, an anchor on the ocean 

bottom and a single connecting line made up of different materials and components. 

The connecting line may also support any number of buoys along its length. 

In its present form no allowance for shrinkage or creep of the synthetic 

ropes is taken into account. Elongations due to rotation of non-torque balanced 

cables is also not considered. 

An important area which may be a cause of errors in the present program 

■s the input information required for the solution. One of these is the drag forces 

experienced by various surface buoy hulls. It is important tc know the effects of 

wave and wind drags on various buoy hulls used in the analysis. Drag coefficients 

for other mooring components may not be known accurately enough and need further 

investigation. Elastic and plastic properties of different mooring materials under 

the deep ocean environment is another area which needs further investigation. 

2. 0 Theoretical Analysis 

2. 1 Analysis of forces - Static or Steady .^tate 

A mooring system has static forces applied to it which need to be analyzed 

with care so that the critical elements in the line can be designed to adequately with¬ 

stand the stresses it would experience during its life time. The forces applied may 

be on the mooring line or on the surface buoy. 

2.1.1 Static Forces Applied to the Mooring Line 

a. Continuous Forces 

These are the gravitational forces on the various components of the sys¬ 

tem, the drag forces caused by the water moving past the system and other distri¬ 

buted forces if any. 

b. Discrete Forces 

These are the concentrated forces applied along the length of the mooring 
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line. The mooring line may have instruments placed along its length which along 

with their weights have drag forces applied to them. Glass balls and/or subsurface 

instruments placed along the mooring line may have net upward buoyancy and drag 

forces applied to them. Other concentrated forces may be applied to the line 

through a connection with another line. 

2.1.2 Static Forces Applied to the Surface Buoy 

The static forces applied to the surface buoy are the wind drag, water 

drag and the upward force at the surface. The upward force is equal and opposite 

to the vertical component of the tension in the line connected at the buoy. Wind 

and water drags are dependent on the shape of the buoy, the upward force and the 

water and wind velocity at the surface. The effect of waves on the drag force is 

not considered, but can be taken into account by adding a concentrated force at the 

buoy. 

2. 2 Stress-Strain Relations 

Elasticity is allowed both in metallic and fibre parts of the mooring line 

to obtain realistic solutions. The stress-strain relationships for cables or ropes 

are different from those of the materials they are made of. These relationships 

depend largely on the type of construction for the cable or rope. 

a. Metallic Cables 

It has been observed by many investigators that a typical steel wire 

mooring line under tension stretches by an amount which is partly elastic elonga¬ 

tion and partly permanent or semipermanent set probably resulting from the wires 

and strands becoming more tightly interlocked. 

For mooring line materials as the elongations in the metallic components 

are very small compared to elongations in the fibrt ropes a linear relationship of 

the type: 

Stress 
= Constant 

Strain 
is used for metallic components. The value of this Constant is an input and is left 

to the discretion of the user. This Constant is usually not the same as the pub¬ 

lished value of E (Young's Modulus) for the material of the cable, 

b. Fibre Ropes 

Fibre ropes being much more elastic than metallic components, the 

permanent or semipermanent elongation is separated from elastic elongation and 
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both elongations are calculated separately to find the total elongation. In the re¬ 

gions of tensions met in practice we use a relationship of the type: 

where: 

T/d2 'c, "W 

T is the tension in cable, 

d is the nominal diameter. 

(1) 

U ^200d^ *S PercentaSe elongation with respect to length at 

2 
200d" tension and, Cj, C£ are the experimental coefficients (constants).This re¬ 

lationship was verified by experimentation as explained in section 4. 3. Two 

different equations of the type (1) are required to find the two parts (permanent 

and elastic) of total elongation. Then a third equation of the type: 

<length>200d“ - x slack length (2) 
o 

is used to find the length at 200d tension. Constant C3 is a statistical average 

of many experiments and is required so that a standard initial length can be 

achieved from which all percentages can be calculated. From these equations the 

total stretched length can be calculated. 

2. 3 Mooring System Analysis - Static 

The static analysis permits the prediction of position and tensions of 

each point of the cable after the forces acting on the system have been defined. 

This analysis would enable the designer to decide if the system meets the functional 

requirements. 

2.3.1 Mooring Line Equilibrium Equations 

a. Uniformly Loaded 

In this analysis, the forces on the mooring line are computed based on 

the stretched length and reduced diameter of the line. The stretched length is 

computed as explained in section 2. 2. 

A free body diagram of a differential element of the mooring line is 

shown in Fig. 2. The internal tension and the inclination of the line element 

change to keep all the indicated forces in equilibrium. In the figure 0 is a unit 

vector along the mooring line given by: 

0 = î cos + j cos 0g + ^ cos 

where ¢^, 02, and are the angles of inclination of the differential line element 
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with respective orthogonal axes x2> and and t, j“, and It are unit vectors 

along directions Xj, x2, x3 respectively. Let ry and be unit vectors normal 

te O in the respective planes made by vector v and directions î, j1, and k. P is the 

distributed tangential force, along v, and , N2 and N3 are components of the dis¬ 

tributed normal force N, per unit stretched length of the line. These forces give rise to 

change in tension ofdT and changes in inclination of d0l , dO^311^ along the 

length ds. T is the line tension. 

Forces Pds and N ds are exerted due to the velocity and gravitational 

field on this differential element. The velocity field can be represented as 

F-îu, *îu2. ku3 

In all future representation subscript i takes on the values 1, 2, and 3 and 

the summation is done on ail values of i. 

For the computation of drag, it is useful to resolve IT into vectors 

parallel and normal to the cable axis: 

ÏÏ = ÏÏN + ÏÏT 

We find: 

ÏÏT- (Ü. v) v (III. cos 0.) v 
i i 

and, 

ÜÑ* ÏÏ - ÜT- I(U. sin01 n.) 

From UTand UN normal and tangential drags can be calculated using the 

pertinent pressure and friction drag coefficients. Representative areas of the 

differential element can be calculated using the reduced diameter and stretched 

length. 

The standard formulation is given by: 

DÑds - -^(CDN) (dAN)/ ÜÑ /ÜÑ 

and _ p _ _ 
DTds - (CDTXdA'f)/ UT/ UT 

The other force act ing on the differential element is the gravitational 

force, which is also resolved into normal and tangential components, WN, and 

WT. If W is the weight per unit length of the line then, 

W = Wk 

WT = [w , v]v - W cosrt v 
o 

WÑ - W - WT * W sinOL n. 
«3 o 
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Now, 

N = DN + WN 

and. 

P = DT + WT 

Therefore, 

Pds (-^ (CDT) (dAT) j]> U. cos0. | (^U. cos¢).) + Wds cos(/^) 

It's easy to show that, 
rna(t) COS ÖL 

1 M 

A A cos(J) coaO A COSÖ cosij) 
n : i (sin^; ) -j (-7-75-—) - k (--—) 

1 1 J sin(//. sin (3 
1 1 

A COS 0 COSÍÂ A A COS ¢1 COS0 

n0 -i (-r-TT-=-) + j (sin0„) -k (- 
2 sin0o J 2 sinO„ 

A COS 0 COS 0 A COS0 cos 0 A 

"3 ■ -1 '-i-Æ 1 -i ( .sind. ’ * k (ainV 

UN 

Hence, 

N = UjSinO, nt + U^sinQ, n,, + Ug sin03 n3 

2 
UN = U sin“(^ - U cosO cosO - U cos (A cosC^ 

X 1 1 «-> 1 ¿«3 1 «3 

UNg = -Uj cosOj cos 0g + U2 sin(D2 - Ug cos 0g cos 0g 

2 
and UN -U cos0 cos0 - U cos0 cos0 + U sin0 

«5 1 1 o ¿ ¿ o o o 

WN = -W COS0 COS0 
1 1 «3 

W’Ng = -Wcos02cos0g 

and W'Ng W sin0g 

/"i ’ 

N.ds = (-Ç (CDN) (dAN) ' I(UN.)2 UN. + WN. ds) 
1 2 ¿ i i i 

As shown in the Fig. 2 forces T, N, and P act in the same plane contain¬ 

ing the differential element ds. For a differential element as ds approaches 

zero N and Pean be approximated to act at the beginning of ds. Then, 

vectorially: 

(T + dT) (v dv) = Tv + Pds v + Ñds 
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or. 

as 

Tdv + dTv = pdsv + Nds 

N is J_to V and dv 11 N 

d T - l*ds (3) 
ami 

and 

Now 

Therefore 
N. ds 

(4) 

h. Discretely Loaded 

Whenever a concentrated mass like an instrument, glass ball or a 

subsurface buoy is attached to the cable or whenever any other concentrated 

torce is applied to the cable its effect is to cause a discontinuity, in the incli¬ 

nations 6. and tension T of the line, at the point of attachment. For this pur¬ 

pose a model of the concentrated force on the cable must be postulated which 

is different than that of the continuously loaded cable. 

Consider a force F applied between segments n and n + 1. (Fig. 3) 

For the case of an instrument the force F will include all the drag 

forces along with its weight or buoyancy. Equilibrium demands vectorially, 

T , T + F n+1 n 

where Tn is the tension in the segment before the instrument or force and 

T^ j the tension after the instrument or force. 

For a cylindrical instrument drag is calculated similar to explained 

in Fart a. 

and 

DT I (CUT) (AT) |ut| UT 
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DN. = Í(CDN) (AN)j2«JN.? UN. 
i 2 N i i 

(COIN) JsíUN^2 W. 

Total drag force on the instrument is: 

TO' DÑ * ÕT 

where. 

i UDj t j DD2 + k DD3 

DD. DN. + DT 
i i • 

cos (¡) 

For a spherical, or any other shaped instrument 

T5TT ^ (CD) (A) |ÏÏ|ÏÏ 

where, 

CD is the drag coefficient in the direction of U and A is the area normal 

to this vector U. 

or, 

DD. (CDlA)Jl(U.)2 U. 
i N4- i i 

2. 3. 2 Surface Buoy Kquilihrium Equations 

Consider the free body diagram of a surface buoy piercing the surface 

(Fig. 4). The steady state forces acting on it are the drag and the lift forces. 

Fquilibrium requires vectorially, 

T_ = B_+ir+D-+W (6) 
1 B AB WB B 

B^, the buoyancy is a function of the tension Tj in the first segment. Submerged 

area (A) of the surface buoy is a function of the buoyancy (B^) ; drag coefficients 

(CD) of the buoy are functions of surface velocities (U) of water and wind, and the 

shape of the buoy. 

Hence, 
Dar and DWB = f (CD, A, V) (7) 
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3.0 Method of Solution 

A numerical integration and iteration is carried to solve the mooring 

line equations as given by equations (3), (4) and (5). 

A finite element break-up of the cable is done whereby the cable is 

divided into a finite number of segments. Equations (3) and (4) are solved by 

incremental method. In a finite element representation 

¿T P (8) 

A (/)i "Ni 
Tsin0. <9) 

i 

where; a 
Ni components of the force normal to mooring line vector v . 

P resultant of forces tangential to the segment. 

and, AT andA(¿. are the respective changes in tension and orientations along 

the segment. 

3. 1 Program Logic 

A comprehensive computer program was written to solve the above 

mooring line equations. To initiate the solution procedure certain initial con¬ 

ditions are assumed. The method was that of considering straight line seg¬ 

ments with incremental integration from segment to segment and then converg¬ 

ing the solution by successive iterations, knowing certain physical constraints. 

The mooring scope as defined by the program for surface mooring lines is 

given by the total slack length of mooring components divided by the depth of 

water. 

3.1,1 Segmentation of the Mooring Line 

Within the program the entire mooring line is broken into a finite 

number of segments. The number can be varied at the user's will and hence 

is kept as an input to the program. Any instruments in the line are considered 

as additional segments and are placed at the junction of two line segments. A 

compound mooring line can have many parts, each part (steel, nylon, etc. ) 

having a different set of parameters. The number of mooring parts and the 

slack length of each part is an input to the program, which makes an integral 

13 



number of segments for each part. The length of all mooring pa.-ts is summed 

to give total length of mooring line. The number of segments in a mooring part 

is computed by dividing the length of the part by the total length of mooring line 

and then multiplying the resultant with the desired number of segments for the 

total line. The resulting number is then rounded to the nearest integer. If the 

answer is zero it is made one. Th.s rounding off may make the total number of 

segments vary by one or two from the desired number. Segment length for each 

part is then computed by dividing the mooring part length by the number of seg¬ 

ments in the part. Computations for each part are done in a loop, segment by 

segment, and whenever the number of segment, exceeds the total number of 

segments in the part, control is shifted to the outer loop which changes the 

mooring parameters. 

. 1.2 Initialization of Integration Procedure 

To begin the solution procedure an educated guess at the tension mag¬ 

nitude for the first segment is made. In order to position this segment it is 

necessary to orient this segment. The orientation of this segment along with 

the tension magnitude depends on buoy drag which is a function of the tension 

magnitude, buoy type, buoy size and the surface velocities of water and wind. 

Assuming this relation is known (refer to section 4), the first segment can be 

oriented. The efficiency of the computer program and hence the computational 

time for the solution procedure depends on how accurately this tension magnitude 

is estimated. 

For surface currents less than three knots, tension magnitude is taken 

equal to the static weight of the mooring components, neglecting the buoyancy of 

any glass balls, if present. Any mooring part below and the first buoyant moor¬ 

ing part is also neglected in th.s calculation. The tension magnitude for surface 

currents greater than or equal to three knots is initially assumed by multiplying 

the value as calculated above by a factor of 2. 5 . which was found to be reasonably 

good for rapid convergence. If the first mooring part happened to be a buoyant 

one a value of one hundred pounds minimum is taken for the tension assumption 

at the top, to start the integration procedure. 

14 



3.1.1 Integration Procedure 

Having established the orientation and tension in the first segment 

and knowing the stress-strain relations of the mooring parts, elongation is 

calculated. This gives the position of the end of the first segment. 

The tension and inclination of the second segment can be calculated 

by the use of mooring line equations (8) and (9) after having determined the 

forces acting on the first segment. The drag forces for the segment are cal¬ 

culated with representative velocity components at its med-dcpth, H2. The 

velocity components in the three orthogonal directions, , x9, x3, are deter- 

n.ined by entering into "Subroutine Speed" which chooses the velocity profiles 

to be used (an input) and gives values for the components at depth H9. These 

components are then resolved into components normal and tangential to the 

segment. From these components normal and tangential drags are calculated 

as explained in section 2. 3. 1. 

The other force acting on the mooring line segment is the gravitational 

force, which is also resolved into components normal and tangential to the seg¬ 

ment. These are summed with the corresponding drag values to obtain N. and 

lJ, which are then substituted in equations (8) and (9) to determine the tension 

and orientation of the second segment. This procedure is repeated for all the 

segments. 

At the top of each segment a check is made whether any instrument or 

concentrated force is placed anywhere within half the segment length on each . ide. 

If so the control is shifted to "Subroutine Forces" which finds the additional 

change in line tension and orientation due to the instrument or point force. Instru¬ 

ments are introduced as additional segments with its length, weight and drag 

characteristics introduced instead of the mooring parameters. If a concentrated 

force is applied, its length is taken as zero and the force is inputed in three 

orthogonal components. The change in tension and orientation is calculated by 

adding vectorially previous force vector acting along the segment and the applied 

force vector. At the end of each segment a check is made if a different mooring 

part is encountered when all the mooring parameters are changed. V’hen all the 

segments have been included in the solution, a check is made whether any more 

instruments or forces are applied near the end of the line, which are then taken 

into account in "Subroutine Forces, " Fig. 5 is ?. block diagram of the integration 

procedure. 
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3. 1.4 Iteration Procedure 

After having completed the integration procedure through all the moor¬ 

ing line segments, instruments and concentrated forces, the anchor is met. The 

depth of anchor will probably not agree with the actual depth, as it aepends on the 

tension estimate at the surface buoy. Hence the tension at the surface buoy has 

to be modified to get a better value for the depth of anchor and this results in an 

iterative solution. 

The iterations are done by two procedures. One for high currents and 

the other for low currents and large mooring scopes. A reasonable breakup for 

using one or the other iterative procedure was found to be as follows: Procedure 

number two is used whenever the surface current value is less than or equal to 

25cm/sec or if the surface current is less than 50cm/sec and the mooring scope 

is greater than unity. For all other cases procedure number one is used. This 

breakup was established after analyzing outputs for various systems. Two pro¬ 

cedures were incorporated to save computer time in one case and to get a con¬ 

verging solution in the other. It was observed that in certain conditions of large 

scope, buoyancy placements and low currents the solution by the first procedure 

may diverge whereas this procedure is economical to use for higher currents. 

These procedures are explained next. 

Procedure 1 (for high current) 

At the end of first computation (integration procedure) the depth error, 

E, the difference in anchor depth reached and actual depth, is computed. If this 

error lies within acceptable error, which is an input, the problem is solved. If 

not, fifty pounds is added or subtracted from the surface line tension, depending 

on whether E is negative or positive, and the entire computation is repeated. 

This second computation yields a new depth error, El. The difference, DE, be¬ 

tween this error and that obtained on the previous computation is due to the fifty 

pounds change in surface line tension. A weighting factor is now used to determine 

an in.proved surface tension estimate, i. e., if: 

DE = E - El (10) 

then, 

Tnew ' Tol<J *'E/DE> * «5I» (11) 

The sign depending on whether fifty pounds was added or subtracted. 

This procedure is shown in Fig. 6a. 
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Procedure is thus repeated with successive linear interpolations till a 

valid solution is obti ined. 

Procedure 2 (for low currents) 

This procedure is a scanning procedure. At the end of first computa¬ 

tion if the absolute error is greater than the allowable limits, then a factor 'Z' 

(m this program an initial value of 300 lbs is chosen) is subtracted or added, de¬ 

pending upon the sign of error, to the initial surface tension estimate and the new 

depth error K1 is calculated. This process is continued, i. e., getting a new value 

of Kl each time and putting previous El equal to E till El is greater in absolute 

magnitude or different in sign to that of E. At this time the factor (Z) is divided 

by -3 and the new factor (Z) is subtracted algebraically from the new tension 

estimate. The procedure is repeated as shown in Fig. 6b till El becomes less 

than the allowed error. 

During the solution procedure if at any stage tension in the mooring line 

or the depth reached by the mooring line becomes less than or equal to zero, con¬ 

trol is shifted to a statement which adds 300 lbs to the surface tension estimate 

to start computations afresh, if iteration procedure 1 is being used, and half the 

present value of factor Z if iteration procedure 2 is being used. This was done 

because a value of 300 lbs may be too much for low currents and is just enough 

for high currents to give a rapid convergent solution. This addition is done 

25 times and if no solution is reached by that time, the computer writes "The 

tension or depth is getting less than zero at segment." 

Also, during the integration procedure a check is made for the vertical 

component of tension. If at any segment or instrument the value of vertical com¬ 

ponent of tension is less than 2xseg. wt. and the depth reached is within twice 

the segment length of the particular mooring part from the actual water depth, 

control is shifted to a statement which writes: 

'The rest of mooring line.meters long is lying on the ocean 

floor', which indicates that the current is too small to pick up all the mooring line 

for high scopes. 

3. 2 Control Parameters 

In the computer program, solution procedure is controlled by certain 

indexing procedures. These are described below: 
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a. Index: This variable takes three values from 1 to 3 and controls 

the iteration and printing procedures. An initial value of 2 is 

given to this variable. When Index = 2, normal computation is 

being carried out. When Index = 1, a correction is being sought 

for the surface tension. When index = 3, a valid solution has 

been found and the system is being recomputed to print the re¬ 

quired output. 

b. I_E: This variable takes the values 1 or 2 and controls the error 

bound calculations as explained in section 5. 3. When IE ^ 1, 

normal computation is being carried out. When IE - 2, compu¬ 

tation is redone to determine the error bounds on the resulting 

solution. Drag coefficients, surface buoy drag and stress- 

strain relationships are changed to their range of uncertainty. 

This is done only f- r systems which use iteration procedure 

one, where variation in above mentioned parameters is critical. 

c. NPO: This variable is used to restrict detailed output printing 

for a specified number of solutions for different velocity profiles 

in a buoy system. It has a value equal to the number of solutions 

for which detailed output is required. IJ is a dummy index for 

the inner control loop which is indexed one unit for each complete 

solution. When IJ exceeds NPO, control is no longer shifted to 

Index ; 3 mode, which makes detailed output printing. 

d. It controls the number of iterative cycles allowed for each 

solution. It is indexed one unit for each cycle and control is 

shifted to the next system if convergence is not achieved in the 

allowed number of cycles. For the first iteration procedure it 

is not allowed to exceed ten. In this case the variable is indexed 

once for every cycle containing two computations. In the second 

iteration procedure it is not allowed to exceed twenty where each 

cycle has one computation. 

e. This is indexed one unit each time tension or depth reached 

anywhere along the line becomes less than or equal to zero, when 

surface tension is increased, during the integration procedure. 

It is not allowed to exceed a value of twenty-five at which stage 

the computer prints: 
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'The tension or depth is getting less than zero a. segment 

These control parameters are shown in Fig. 7. 

^ Physical Parameters as Input Information 

•i. 1 Surface Buov 

Surface piercing objects in water have complex drag characteristics 

which makes force analysis on surface buoys difficult. The computer program 

described in this report requires the surface mooring angles as a function of 

surface tension, buoy type, buoy size and surface velocity. The mooring line 

at the surface is in the direction of the resultant vector of the forces acting 

on the buoy. These forces are a complex combination of form drag, wave 

drag, friction drag, static and dynamic lift, and are amenable to theoretical 

calculation. A series of physical model tests were carried out on three buoy 

shapes; namely, the toroid and the disk (with and without feet) at the Massachu¬ 

setts Institute of Technology towing tank (Ref. 6) and analytic expressions des¬ 

cribing their drag characteristics were formulated. 

These three expressions along with a provision to add these drag 

forces as input forces are included in the computer program (Refer Appen¬ 

dix C). 

4- 2 Instrumentation, Discrete Buoyancy and Concentrated Forces 

Instrumentation and discrete buoyancy can be inserted anywhere in 

the mooring system. These are considered as concentrated forces having a 

specified length. Other concentrated forces with zero length can also be 

specified. Certain physical parameters like the position, length, components 

of force, drag constants and the name are to be inputed for each, or a group of 

instruments, discrete buoyancy or a concentrated force. The instrument or 

concentrated force position refers to its position in the mooring line based on 

slack lengths measured from the surface buoy to its centerline. 

In the case of instruments whose drag constants are not known but 

their hydrodynamic resistance is known, this can be inputed as a concentrated 

force. The length, weight and drag of an instrument are integrated into the 

mooring line as a segment. No elongation is allowed in an instrument. Lengths 

of chain can be considered as mooring parts or instruments at user's discrection. 
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Various instrument, used commonly in present day oceanographic research, are 

listed with their characteristics in Fig. 8. 

t. 3 Elastic Response of Mooring Line Materials 

Mooring ropes are made of different materials - mainly steel and 

fibre, latter being either natural or synthetic. Plastic characteristics of steel 

are well known and ropes made of steel can be treated to have linear elongation, 

as, in a compound moor, the amounts of elongations in a wire cable are negligible 

when compared to elongations in fibre ropes. Thus elastic characteristics of the 

wire part of a compound mooring can be represented by a single constant whereas 

fibre parts need a nonlinear relationship to represent its nonlinear behavior. 

4. 3. 1 Loads Experienced by a Mooring 

In most cases a mooring line experiences the maximum loading during 

its launch. For taut moors (mooring scope less thar¿ unity), during launch, a 

point in the mooring line experiences a maximum load equal to the net resultant 

of gravitational and hydrodynamic forces below it including the submerged weight 

of the anchor. And for moorings which do not experience any excessive velocity 

fields, it may be the highest load they ever experience. On the other hand moorings 

may experience a load higher than the bunching load if the currents get excessively 

high. This maximum load which a mooring line experiences during its previous 

life history is critical in determining its total e’ongation. The launching transient 

peak load is an input to the computer program and is inputed for each mooring 

part. If the tensions at anytime get higher than the launching tensions the computer 

program automatically makes the higher value, as the maximum toad ever exper¬ 

ienced by the line. A typical mooring line, under tension, stretches by an amount 

which is partly elastic elongation and partly permanent or semipermanent set 

wrhich in the case of steel wire mooring lines may be due to the wives and strands 

becoming more tightly interlocked. In the case of fibre ropes it is due to the unre¬ 

coverable stretch of the individual fibres and due to a tighter interlock of strands. 

This permanent set can be determined and depends on the maximum load a moor¬ 

ing line has experienced in its previous life history. 

4. 3. 2 Experimental Results for Fibre Hopes 

Certain laboratory tests were performed on synthetic ropes to determine 
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their stress-strain behavior, under repeated loading and unloading. These tests 

were made similar to tests performed on British ropes by Basil W. Wilson as 

explained in Reference 12. 

Under tensile testing the stress-strain relationship for mooring ropes 

assumes tht; form shown in Figs. 9-17. If the load is removed, the curve of un¬ 

loading follows a different path on the stress-strain diagram and establishes the 

permanent set on the abscissa. If the load is reimposed, the new loading curve 

forms a hysteresis loop with the unloading curve, the area of which represents 

energy absorbed in the system during the cycle. In general, if the cycle is re¬ 

peated the successive hysteresis loops superimpose upon each other and exhibit 

a drift (toward greater extension) indicative of further increments of permanent 

set. The increments become smaller with each cycle and it is seen that for new 

nylon ropes, at 75% of ultimate strength, the ropes attain maximum permanent 

set after about three cycles of loading and unloading. In the various tests per¬ 

formed, three to four cycles of loading and unloading were made to get a reason¬ 

ably accurate value for permanent set. 

All these tests show one thing in common; namely, that the centerlines 

of stable hysteresis loops tend to have the same shape (for any given rope type) 

regardless of elongation or age of the rope. In Fig. 13 which is schematic, the 

hysteresis loop axes a'g and c'f are identical, although c’f applies at a different 

stress from a'g. This observation enables the test results of Figs. 9-12 to be 

generalized for any nominal rope diameter, d, by plotting them in stress-strain 

form, and separating out the permanent elongation from the elastic parts. In 

Fig. 13 for example, for any given stress bg, the permanent part of strain is 

oa' and the elastic part is a'b. At another stress ef, the permanent part of 

strain is oc' and the elastic part is c'e. 

In Fig. 14 the test results of Figs. 9-10, for plaited nylon (Columbian) 

plotted in this way, suggest a strongly nonlinear relationship governing the per¬ 

manent part of the elongation, which as expected, tends to become asymptotic 

to the ultimate breaking limit. The elastic part of stress-strain behavior of 

synthetic ropes is also nonlinear. Fig. 15 for braided dacron (Samson) shows 

the test results of Figs. 11-12 plotted in a similar way to Fig. 14. Fig. 16 was 

drawn for braided nylon in a similar way to Figs. 14 and 15. Fig. 17 presents 

a direct comparison of the elastic parts of the elongation, for plaited nylon, 

braided dacron and braided nylon ropes. 
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Nonlinear analytic expressions to represent Figs. 14, 15, and 16 closely, 

were derived and are given in a tabular form in Fig. 18. 

4. 4 Hydrodynamic Drag Coefficients 

In general, both friction and gravity forces play a role in the determin¬ 

ation of the flow pattern around a body submerged in a flow. For mooring lines 

where the velocity of How is small, effects of compressibility and gravity can be 

neglected for drag calculations. Drag is given by: 

2_ ./(¾ 
vV2 A /U 

where £ is the characteristic length of the body and other symbols have their 
Pvi 

usual meaning. The independent variable -jj- is called Reynold's number R. 

Drag coefficient CL is defined as: 

D 

(12) 

C, 
D 

(13) 
(?/2)V A 

'A' stands for a characteristic area for the body. Hence 

S ■f2 ,RI (14> 

The exact value of the drag coefficient for round cables is a point of dispute in 

the literature and is difficult to specify. From the tabulation in "Fluid Mechanics 

for Hydraulic Engineers, " by Hunter Rouse, it is seen that a cylinder exhibits 

different regimes of flow. We assume CL invariant with R which is a reasonable 
2 4 

assumption for R range significant for this problem (10<R<3xl0 ). 

Also the alternating shedding of vortices from the two points of separa¬ 

tion on the surfaces of a circular cylinder produces transverse forces on the 

cylinder and causes the cylinder to oscillate. These transverse oscillations 

sometimes called strumming increase the drag coefficient, but the magnitude 

of this increase is not well known. Different experimental curves between C^ 

and Reynold's number have been proposed by different people. The choice of 

these coefficients is left to user's discretion. 

4. 5 Current Profile Formulation 

Within the solution procedure, it is required to know the functional 

relationships between depth and the current speeds, in the three directions 
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Xj, x9, and . This is an input to the solution procedure, which should be 

accurate enough to give reliable results. Prediction of such a relationship is 

usually a difficult one as it is itself a function of position and time. Many times 

it is the desire to obtain this relationship which requires the use of a buoy system. 

Hence it may be a potential source of error and unreliability. 

Considerable work has been done in this area to collect the required 

information. As the current profiles in the three directions do not remain the 

same or of the same nature at different positions in the ocean a set of six different 

types of current profiles, with selectable constants, have been incorporated into 

the computer program, to give the user a flexibility in choosing the appropriate 

current profiles. Any additional types of current profiles can be incorporated by 

the user by entering the appropriate expressions in 'subroutine speed'. 

The current profiles incorporated in the c imputer program are discussed here. 

Profile No. 1 

This is the most flexible of the current profile types and least knowledge 

of the ocean environment is required. The profile requires the specification of 

number of points at which the velocity vector is to be given and this vector is 

inputed m the computer program in terms of its three components along with the 

depth of the point. The number of points is unlimited and is an input. This pro¬ 

file is most useful when approximate values of currents are known at certain dis¬ 

crete points and not much is known of the region in between. It is also very useful 

for design purposes. 

The program interpolates the values of currents in the three directions 

from the two immediate vectors, one on each side, which are inputed. If any line 

is above the topmost inputed vector the vector is assumed to be constant to the 

top of the line. The velocity vector at the bottom if not inputed is assumed to be 

zero. This profile is shown in Fig. 19. 

Profile No. 2 

If stepped currents were desired, velocity vectors could be inputed as 

for profile number 1, and a profile shown in Fig. 20 would be computed by the 

computer. 
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Profile No. 3 

This profile represents a monotonous decrease in current with depth, 

as is generally apparent in most portions of the ocean. The surface current 

vector, V, is a program input, inputed in components and determines the ampli- 
.«i 

tudes of the entire profiles. Current speed is expected to decrease as H , 
4M 

where H2 is the depth in meters ande*, is a constant less than unity. The relation- 

sh: is therefore of the form 

V. H2 4HO. 
i i 

V.(HO./H2)°<1 H2 >HO. 
i = 1,2.3 (15) 

i i i 

where V. is surface current speed in cm/sec. It is assumed that the first HO 

meters of water will be moving at the surface current speed, V. . 

The profile is shown in Fig. 21. Here V. , HO. and 0(. are the three input parameters 

for each profile. 

Profile No. 4 

In this case a profile is generated which reverses directions with depth. 

The depth at which the direction is reversed depends on the user and is inputed as a 

selectable constant in the program. The profile is shown in Fig. 22. 

Profile No. 5 

In this case a profile was derived with the current reversing directions 

more than once, or increasing in magnitude after having decreased in magnitude 

with depth. The profile is shown in Fig. 23. 

Profile No. 6 

A profile was derived with trignamctric functions, to represent a 

profile which is common in many areas. The current changes direction twice 

with good flexibility of amplitudes. The profile is shown in Fig. 24. 
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5.0 Program Instructions and Details 

A main program with four subroutines constitute the complete solution 

program. The computer program has been described adequately by the help of 

comment statements placed in the program listing and by the variable definitions 

both of which are included in Appendix A. 

Any user wanting to use the computer program will have to provide the 

input data cards of his own, written as specified in section 5.4. A sample input 

data set is provided as a reference. Some instructions and details are given in 

this section to help the user understand the program more critically. The program 

is made adequately general to solve most of the mooring lines being used presently. 

Segmentation of the mooring line and initial estimate of surface tension 

magnitude were explained in section 3. 1 under Program Ix>gic. 

5. 1 Mooring Pile-Up at Ocean Floor 

Slack mooring lines are apt to pile up on the ocean floor for low currents. 

Also the intended taut mooring line may have an amount of permanent elongation 

during its launch so as to make it slack during low currents. Thus we may have 

a situation where the tension becomes zero in the line and hence no theoretical 

solution can be found. To overcome this difficulty, during the integration pro¬ 

cedure, a check is made at each step to see if the vertical component of tension 

becomes adequately low at or near the ocean floor. This condition specifies that 

the rest of the mooring line is lying on the floor and further calculations are ter 

minated. It was found that the absolute value of the vertical component of tension 

if less than twice the weight of the current segment, in a band of depth within 

two segment lengths on each side of the ocean floor gave a good check. This 

criteria was chosen as the solution program deals with discrete points which are 

a segment length apart and the tension varies discretely with these points. If this 

condition is satisfied anywhere along the mooring line during integration, control 

is shifted to a statement which makes the rest of the mooring line to lie on the 

floor, and prints out the length of line below the point where absolute vertical 

component of tension is less than twice the weight of the current segment. This 

is also transmitted to plotting subroutines which plot a straight line parallel to 

the water depth whenever this condition is met. 
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5. 2 Tension or Depth Hecoming Less Than Zero 

The integration procedure starts with an estimated tension magnitude 

at the surface. This magnitude or any other magnitude assumed at the surface, 

during iteration, may make the tension equal to or less than zero at some point 

along the mooring line. Also, if the top tension is too small the line may start 

bending upwards and soon the depth reached may become less than zero. This 

is more apt to happen in systems which have regions of low tensions, i. e., for 

a system with large scope and many buoyancy packages. Whenever the tension 

or depth is getting less ihan zero, control is shifted to a statement which checks 

the depth if tension is getting less than zero. If it is at a depth greater than the 

ocean depth, the assumed surface tension is more and should be reduced. This 

also implies that some of the line will be lying on the floor, but during integration 

it did not satisfy the check of section 5. 1 for the previous tension assumption at 

the surface. If tension was getting less than zero at depth less than the ocean 

depth or if depth was getting less than zero, control is shifted to a statement 

which adds 300 pounds for iteration procedure one, or half the current value of 

factor Z for iteration procedure two, to the value of surface tension magnitude 

and calculations are repeated. This procedure is repeated till the tension or 

depth do not become less than zero anywhere along the mooring line. Control can be 

shifted to this statement only twenty-five times for one solution, when control is 

automatically shifted to the next solution. 

5. 3 Calculation of Error Bounds 

After the mooring configuration has been solved, a slightly modified 

system is calculated, if iteration procedure one is being used, to determine the 

combined effect of several emperical inputs on the maximum tension and mooring 

configuration. This is controlled by the parameter IE. When iE = 1, normal 

calculations are being carried. When IE = 2, vertical inclination at the surface 

are increased by one degree (equivalent to increasing drag on the surface buoy), 

both normal and tangential drag coefficients for the mooring line are increased 

by ten percent and strain in all parts is reduced by ten percent. All these changes 

tend to increase the tension. The change in maximum tension in each mooring 

part due to these changes is computed and printed out as the possible maximum 

error bounds on tension. These calculations do not make any change in the 
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assumed current profiles. 

5. 4 Data Input Required by Computer Program 

The user must provide the input data for the mooring systems he wishes 

to study. Instructions for writing the input data are hereafter outlined. 

a. Number of Mooring Systems . The first card specifies the total 

number of mooring systems being studied in one computer run and hence 

controls the outermost 'Do Ixiop' . Any change in the system configuration 

(surface buoy type; length, size and material of mooring parts; distribution, 

number or type of instrumentation) or in the environmental parameters, like ocean 

depth or launching transient loads results in a different system. Variable is 

NSY and Format (15). 

This card is followed by NSY sets of cards each containing: 

b. (1) Card of Constants - Format (11 15). This includes information about: 

N1 - Number of instruments 

Nl* - Number of mooring parts 

NS - Number of segments desired 

IKK - Number of velocity vectors being inputed if velocity 
profile is numbered one or two, 

JMAX - Number of solutions desired for the same mooring system 
with different velocity profiles 

NPO - Number of complete outputs to be printed 

NVP(I) - Velocity profile number in Ith direction (1 1,2, and 3) 

NR - Number of the surface buoy 

1FPL - Number of plots required 

c. (Nl) Instrument or Concentrated Force Specifications Cards - 

Format (7F8, 0tA8), These cards list: 

PI(J) - Slack length position of .Rh instrument 

SHJ) - Length of J**1 instrument 

F(I, J) - Force componentOncluding weight and buoyancy) of J4*1 
instrument in I**1 direction (i = 1,2, and 3) 

CDIN(.J) - Normal drag constant ( A^ of Jth instrument 

CDIT(J) - Tangential drag constant (P/2CD^,A^t) of Jth instrument 

Type (J) - Name of Jth instrument 
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d. (1) Buoy Card. Format (3F10. 0, A8) This card lists: 

DB -For buoy type (No. ) 1 it holds the drag constant where: 

cfiFig = DB X (surface velocity) (surface velocity (otherwise, 

it is the diameter of the buoy. 

Depth - Ocean depth 

ER - Acceptable depth error after integration 

Buoy - Name of the buoy 

(Nl1) Parameter cards for mooring parts. Format (5F 10.0, A8) 

These cards list DIAL(I). SLL(I). WWL(I), RBSL(I), TPL(I) and 

MOOR(I) which represent diameter, slack length, weight per unit 

length, rated breaking strength, transient peak load and name of 

Ith part. TPL(I) for wire cables holds value of elastic modulus. 

(NP) Elastic and Drag characteristics cards for mooring parts: 

Format (7F 10.0) These cards list COl(l), POl(I), C02(I), 

P02(I), AO(I), CDN(I), and CDT(l) representing five elastic constants as 

explained in section 2. 2 and normal and tangential drag coefficients 

of the ith part. 

(3 X JMAX) Velocity Profile Cards: Format (7F 10.0) These are 

three cards for each of JMAX solutions. These list depths and 

velocities at IKK number of points if velocity profile number one 

or two is specified, and list surface velocity and three profile con¬ 

stants if velocity profile number is greater than two. Thus, there 

are JMAX sets of three cards, each representing one direction. 
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5. 5 Program Capabilities and Limitations 

The comp>’.tv*r program was written to be a very general program which 

could be used effectively for any sensitivity analysis. The work carried out has 

beei. to provide with reasonable accuracy the configuration and tensions along a 

mooring line. Mooring lin^s with mooring scopes less than, equal to, or greater 

than one with many combinations of mooring line materials, and with various in¬ 

struments placed along the line have been tested. The mooring configuration can 

consist of any number of instruments and concentrated forces and be made of any 

number of mooring materials. Stress-strain characteristics of plaited nylon, 

single braided nylon, and braided dacron have been presented in this report. 

Instruments and cc icentrated forces can be locateu anywhere along the mooring 

li: e and can be buoyant (e. g. a subsurface buoy). Chain may be considered as a 

mooring part or an instrument. Minimum tension (oft .n an important design 

consideration) may be determined by setting velocity fields equal to zero. Elonga¬ 

tion is permitted in all components of the mooring line except instruments and can 

be linear or nonlinear. 

Six types of current profiles are built into the computer program as 

explained in section 4. 5 and any number of other profiles can be included in the 

program by entering the desired expreseion in SUBROUTINE SPEED. 

As drag coefficients for surface-piercing objects are difficult to deter¬ 

mine, analytic expressions relating top tension with top angles were found experi¬ 

mentally for three types of surface buoys, namely. Toroid, Disk, and Disk with 

feet. These are included in SUBROUTINE ANGLE with another general expression 

by which drags on the buoy are calculated as: 

Drag DB * V * |V| 

where DB and V are inputed. V represents the surface velocity vector. 

Any other relationship between top tension and top orientation for a 

particular buoy shape can be included in SUBROUTINE ANGLE. Some of the 

principal outputs of the computer program are: 

1. Maximum tension and safety factor for each mooring part 

<SF = RBSL|TMAX). 

2. Maximum elongation in each mooring part as percentage of 

slack length or 2000^ length. 
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3. Coordinates of the surface buoy with respect to the anchor. 

4. If required, the segment number, stretched length, coordinates 

of end point, tension, inclination, speed values in and 

directions and mooring part number can be printed out at each 

segment including the instruments. This allows a graphic 

presentation of mooring configuration. 

5. Plots of depth versus excursions and velocities in Xj and x2 

directions can be obtained by computer. Also plot of Xj-excursion 

versus x2-excursion can be plotted. 

6. In addition, for iteration procedure number one, a slightly modified 

system with regard to surface angles, cable drag coefficients and 

elongation characteristics in synthetic mooring parts is computed 

and printed out. These parameters are changed to the assumed 

limits of their uncertainty. The resulting changes in tensions are 

taken as rough error bounds on the program outputs. 

No allowance is made for wave and wind drag on the surface buoy. This 

can be taken into consideration by applying a force at the top of the line, which 

will be included as an instrument or concentrated force, or drag constants for the 

surface buoy can be inputed as explained in Appendix C. 

The solution is a purely steady-state solution making no allowance for 

dynamic effects. 

6. 0 Case Study 

Case study of a surface mooring line which was actually deployed is 

presented here to illustrate the use of the computer program and the type of re¬ 

sults obtained. The mooring system presented here is an unusual case, and is 

useful under high velocities. All the dead weight at the anchor is supplied by 

360 feet of 1 - 1 / 8 chain. This gives a variable mooring scope to the system as 

more chain is lifted off the ocean bottom with increasing currents. The system is 

highly instrumented and the results show the length of chain lying on the ocean floor 

The outputs at two different current regimes and three types of velocity profiles 

representing each regime are presented. Fig. 25 shows the mooring system being 

studied and input data is shown in Fig. 26. Results for one run are shown in 

Fig. 27 and detailed results for other runs are shown in graphical form in Figs. 28 
thru 33. 
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FISH BITE ZONE 

1SOO M TO 2000 M 

DEPENDING ON 

LOCATION 

length to suit 

DEPTH a PRE¬ 

TENSION RE¬ 
QUIRED 

TOROID WITH LIGHT .WIND RECORDER 
ANO RAMO BEACON 

RIGID BRIDLE 

TENSION SENSOR FOR TELEMETRY 

1/2" 0 CHAIN 

CURRENT METER 

10000 LBS STRENGTH 

TORQUE BALANCED 

GALVANIZED B PLASTIC 

JACKETED WIRE ROPE 

65 LBS DANFORTH ANCHOR 

CURRENT METER 

TENSION RECORDER 

10000 LBS STRENGTH 

SPIN FREE 

NYLON FIBER ROPE 

J tension recorc ;r 

CURRENT METER 

RECOVERY SYSTEM- 

16" D GLASS BALLS ON 

3/4" D NYLON 

ACOUSTIC RELEASE AND TRANSPONDER 

3/4" D NYLON 

1/2" D CHAIN 

4000 LBS STIMSON ANCHOR 

Figure 1. Typical W.H.O.I. Surface Mooring 

(From Reference 2) 
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PLANE OF DIFFERENTIAL ELEMENT 

Figure 2. DIFFERENTIAL MOORING ELEMENT 
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Figure 3. Discretely Loaded Mooring Line 
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VJ 51 \J -Kik=i,nsy 
Card of Constants, Instrument cards. 
Buoy card. Mooring parameter cards. 
Elastic characteristics cards. 

I Index 2, L 0, IE - 1, IZ ^ 1, Tension - Constant (Static Weight) J 

1-C— ..., 1. X 
Improve Tension 

T Tisa'-sa 
Integration Procedure 

If Index = 3, write results at 
each segment. 
If IE - 2, alter drag coefficients, 
buoy drag and strain. 

Tension = 
Tension - Z 

Figure 7. CONTROL PROCEDURES 
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TYPICAL HYSTERESIS AXES FOR 
DIFFERENT STRESS 

Figure 10. Typical Hysteresis Axes - 9/16 Plaited Nylon 
(From Reference 2) 
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typical hysteresis axes for different 
S TRESS 

3/8“ BRAIDED DACRON 

% ELONGATION 0FÍ200DlLENGTH) 

Figure 12. Typical Hysteresis Axes - 3/8 Single Braided Dacron 

(From Reference 2) 
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Figure 17. Comparison of elastic elongations 
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ANALYTIC EXPRESSIONS FOR FIBRE ROPE STRETCH 

(T/D2 - 200) a 
200 D2 Length y (Slack Length) 

Type of 

Rope 

200 D2 Elongation 
Coefficient 

Permanent 
Elongation 

Elastic 
Elongation 

ï a 3 a 3 

8 Strand Plaited 

Nylon (Columbian) 
1.042 38 1.94 74.8 1. 87 

1 

j Braided Nylon 

- Used (Samson) 
1.022 1200 1. 35 1250 

1350 

1.20 

.i 

1.60 
Braided Dacron 

(Samson) 
1.032 

---1 

1250 1. 80 

£ Percentage Elongation of 200 D2 Length 

T Static Tension in lbs 

D Diameter in inches 

Figure 18 ELONGATION COEFFICIENTS 



Figure 19 CURRENT PROFILE NUMBER 1 

(H2 - Dj) / (1^ - Dj) 
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VA V4i 

SEA 
FLOOR 

Ui - V3i 

Figure 20 CURRENT PROFILE NUMBER 2 
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HO, Ur V. 
I I i 

Figure 21. Current Profile Number 3 
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Figure 22. Current Profile Number 4 

52 



Figure 23. Current Profile Number 5 
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Figure 24 CURRENT PROFILE NUMBER 6 
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Figure 26. Input data for surface buoy system
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OCEANOWUPHir. BUOY SYSTEN-Sl'RFACE 
RUN NUMBER 1 

INPUTS BUOY IS TOROIO NO. 2 
OCEAN OEPTH-A5OO.0 METERS MOORING SCOPE-1.421 

VfcL. PROFILE INFO.t 
U1REC. PROF. NO. OEPTHS/VELS. OR TOP VEL. C 3 CONSTANTS 

1 1 13.0 99.770 525.0 -23.100 2550.0 49.570 4362.0 6.010 
2 1 13.0 99.670 525.0 -24.690 2350.0 24.950 4362.0 2.8B0 
3 1 13.0 0.0 525.0 0.0 2550.0 0.0 4362.0 0.0 

-MOORING PARTS DATA- 
NO. TYPE LAUNCH TRAN PEAK DRAG COEFFS. SLACK LEN. DIAMETER R.B.S. WEIGHT 

LÜAD OR E.MODUL. NORM. TANG. CMETERSI (INCHES) (LBS) (LBS/M) 

1 1/2CHA1N 
2 5/16W1RE 
3 5/0 NVL. 
4 3/6 NVL. 
5 9/8CHAIN 

30000000.0 
10000000.0 

500.0 
1000.0 

30000000.0 

1.400 0.020 10.00 
1.400 0.02B 2560.00 
1.400 0.026 3430.00 
1.400 0.026 220.00 
1.400 0.026 109.30 

C.707 
0.392 
C.625 
C.750 
1.590 

30000.0 
10300.0 
10400.0 
14200.0 
50000.0 

8.000 
0.410 
0.033 
0.046 

50.000 

OUTPUTS ANALYSIS 

ITERATION PROCEDURE 

ESTIN. TENSION 
7495.0 
950.0 

1315.2 
1660.5 

TOP ANGLE 1 
1.55 
1.49 
1.51 
1.51 

TOP ANGLE2 DEPTH REACHED 
1.55 7691.5 
1.49 2013.5 
1.51 3545.9 
1.51 4500.1 

DEPTH ERROR COMMENTS 
-3191.5 TRIAL RUN 

2466.5 Trial run 
954.1 TRIAL RUN 
-0.1 CONVERGENT RUN 

RESULTS* BUOY «EXCURSION- 3956.13 METERS BUOY YEXCURSION- 2987.03 METERS 

NO. TYPE 
-MOORING PARTS DATA- 
MAXIMUM TENSION SAFTEY FACTOR MAXIMUM ELONGATION 

(LBS) (* 200 0 SO.) 

1 1/2CHA1N 1660.46 
2 S/16MIRE 1646.56 
3 5/8 NYL. 1166.79 
4 3/4 NVL. 1554.36 
5 9/SCHAIN 1549.28 

16.07 0.000 
6.25 0.002 
6.91 12.767 
9.14 12.294 

32.27 0.000 

Figure 27. Detailed output for input data shown in Fig. 26. 
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MOORING CONFIGURATION 

StG. NO. STR.LEN. 
RtC TEÑI 1.00 

1 11.00 
C. M. 1 13.00 
4 GL. B. 13.00 
1/¿CHAIN 18.00 

2 81.0$ 
3 144.10 
4 ¿07.14 
$ 270.18 
6 333.23 
7 396.2 7 
8 459.30 
9 522.34 

4 GL. B. 522.34 
E.C.M. 1 528.34 

10 591.38 
11 654.42 
12 717.46 
13 780.50 
14 843.53 
15 906.57 
16 969.60 
17 1032.63 

4 GL. B. 1032.63 
1/2CHA1N 1037.63 

18 1100.67 
19 1163.70 
20 1226.74 
21 1289.77 
22 1352.80 
23 1415.83 
24 1478.86 
¿5 1541.69 

4 GL. B. 1541.89 
1/2CHAIN 1546.89 

26 1609.92 
27 1672.95 
28 1735.99 
29 1799.01 
30 1862.04 
31 1925.07 
32 1988.09 
33 2051.12 

4 GL. B. 2051.12 
1/2CHAIN 2056.12 

34 2119.15 
35 2182.17 
36 2245.20 
37 ¿308.23 
38 2371.25 
39 2434.27 
40 2497.29 
41 2560.31 

XEXCUR 
0.06 
0.77 
0.97 
0.97 
1.73 

12.28 
27.17 
45.00 
64.80 
85.87 

107.75 
130.14 
152.89 
152.89 
154.86 
176.43 
198.17 
220.05 
242.08 
264.30 
286.76 
309.A7 
332.46 
332.46 
334.11 
355.45 
377.07 
399.00 
421.25 
443.85 
466.81 
490.14 
513.86 
513.86 
515.56 
537.61 
560.04 
582.85 
606.07 
629.73 
653.86 
678.50 
703.67 
703.67 
705.49 
729.07 
753.21 
777.96 
803.36 
829.46 
856.32 
883.98 
912.50 

YEXCUR 
0.06 
0.77 
0.97 
0.97 
1.73 

12.27 
2/.13 
44.93 
64.68 
85.68 

107.47 
129. 76 
152.40 
152.40 
154.36 
175.82 
197.45 
219.16 
241.01 
263.02 
285.21 
307.61 
330.26 
330.26 
331.88 
352.83 
374.02 
395.47 
417.20 
439.24 
461.59 
484.27 
507.29 
507.29 
508.94 
530.30 
551.97 
573.96 
596.29 
618.97 
642.01 
665.43 
689.23 
689.23 
690.94 
713.04 
735.52 
758.41 
781.71 
805.45 
829.66 
854.36 
879.56 

. DEPTH 
1.00 

10.95 
12.93 
12.93 
17.81 
79.07 

138.52 
196.34 
252.88 
308.50 
363.50 
418.10 
472.40 
472.40 
477.72 
532.93 
588.01 
643.00 
697.87 
752.60 
807.16 
861.52 
915.66 
915.66 
920.10 
975.59 

1030.88 
1085.95 
1140.77 
1195.34 
1249.62 
1303.60 
1357.27 
1357.27 
1361.67 
1416.72 
1471.50 
1525.99 
1580.16 
1634.00 
1687.47 
1740.55 
1793.20 
1793.20 
1797.54 
1851.65 
1905.36 
1958.61 
2011.38 
2063.60 
2115.23 
2166.20 
2216.45 

TENSION 
1615.02 
1535.44 
1492.71 
1692.97 
1648.56 
1623.68 
1599.62 
1576.21 
1553.26 
1530.61 
1508.14 
1485.80 
1463.58 
1631.68 
1563.81 
1541.18 
1518.59 
1496.04 
1473.54 
1451.11 
1428.75 
1406.48 
1384.30 
1551.28 
1510.60 
1487.87 
1465.23 
1442.69 
1420.25 
1397.91 
1375.69 
1353.59 
1331.63 
1497.67 
1457.33 
1434.80 
1412.38 
1390.08 
1367.91 
1345.88 
1324.00 
1302.29 
1280.76 
1444.58 
1404.90 
1382.77 
1360.82 
1339.06 
1317.51 
1296.20 
1275.14 
1254.36 
1233.90 

XANG 
1.50 
1.47 
1.43 
1.42 
1.40 
1.33 
1.28 
1.25 
1.23 
1.22 
1.21 
1.20 
1.20 
1.24 
1.22 
1.22 
1.22 
1.21 
1.21 
1.21 
1.20 
1.20 
1.19 
1.23 
1.23 
1.22 
1.22 
1.21 
1.20 
1.20 
1.19 
1.18 
1.18 
1.22 
1.21 
1.21 
1.20 
1.19 
1.19 
1.18 
1.17 
1.16 
1.15 
1.20 
1.19 
1.18 
1.17 
1.16 
1.14 
1.13 
1.12 
1.10 
1.09 

YANG 
1.50 
1.47 
1.43 
1.42 
1.40 
1.33 
1.28 
1.25 
1.23 
1.22 
1.21 
1.20 
1.20 
1.24 
1.22 
1.22 
1.22 
1.22 
1.21- 
1.21 
1.21' 
1.20' 
1.20- 
1.24 
1.23 
1.23 
1.22 
1.22 
1.21 
1.21 
1.20 
1.20 
1.19 
1.23 
1.23 
1.22 
1.21 
1.21 
1.20 
1.20 
1.19 
1.18 
1.18 
1.2? 
1.21 
1.21 
1.20 
1.19 
1.18 
1.18 
1.17 
1.16 
1.15 

XVEL. YVEL. 
99.77 99.67 
99.77 99.67 
99.77 99.67 
99.77 99.67 
99.20 99.09 
91.26 91.06 
76.78 76.40 
62.71 62.16 
48.99 48.27 
35.53 34.65 
22.26 21.22 
9.11 7.91 

-3.96 -5.32 
-10.48-11.91 
-11.11-12.56 
-18.38-19.91 
-21.83-23.82 
-19.85-22.47 
-17.88-21.12 
-15.91-19.78 
-13.95-18.44 
-12.00-17.11 
-10.05-15.78 
-9.08-15.11 
-9.00-15.06 
-7.93-14.32 
-5.94-12.97 
-3.96-11.61 
-1.99-10.27 
-0.02 -8.93 

1.93 -7.59 
3.87 -6.27 
5.80 -4.95 
6.77 -4.29 
6.85 -4.23 
7.91 -3.51 
9.88 -2.16 

11.84 -0.82 
13.79 0.51 
15.73 
17.66 
19.57 
21.47 
22.41 
22.49 
23.54 
25.47 
27.39 

1.84 
3.15 
4.46 
5.75 
6.40 
6.45 
7.17 
8.49 
9.80 

29.29 11.10 
31.18 12.39 
33.04 13.66 
34.88 14.92 
36.70 16.16 

M.P. NO. 
REC TEN1 

1 
C. M. 1 
4 GL. B. 
1/2CHAIN 

2 
2 
2 
2 
2 
2 
2 
2 

4 GL. B. 
E.C.M. 1 

2 
2 
2 
2 
2 
2 
2 
2 

4 GL. B. 
1/2CHAIN 

2 
2 
2 
2 
2 
2 
2 
2 

4 GL. B. 
1/2CHAIN 

2 
2 
2 
2 
2 
2 
2 
2 

4 GL. B. 
1/2CHAIN 

2 
2 
2 
2 
2 
2 
2 
2__ 
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E.C.H. 2 2561.31 912.96 879.97 2217.23 1207.77 1.07 1.16 37.61 16.78 E.C.*. 2 
U K£C. 1 2562.31 913.66 880.38 2218.00 1186.32 1.06 1.13 37.66 16.80 0 REC. 1 

62 2625.33 966.18 907.18 2266.05 1166.79 1.06 1.12 38.52 17.60 2 
REC TEN2 2626.33 966.68 907.61 2266.79 1132.99 1.02 1.11 39.39 18.00 REC TEN2 
INCLIN 1 2627.33 965.20 908.06 2267.52 1113.55 1.01 1.10 39.62 18.02 INCLIN 1 

63 2701.90 986.69 962.02 2320.89 1112.37 1.00 1.09 60.39 18.68 3 
66 2776.68 1025.19 976.22 2373.35 1111.26 0.98 1.09 62.29 19.98 3 
65 2851.05 1066.73 1010.68 2626.82 1110.23 0.96 1.09 66.15 21.25 3 
66 2925.61 1109.36 1065.60 2675.21 1109.29 0.96 1.08 65.98 22.50 3 
67 3000.18 1153.09 1080.60 2526.67 1108.65 0.93 1.08 67.77 23.72 3 
68 3076.76 1197.96 1115.66 2572.51 1107.71 0.91 1.07 69.52 26.91 3 
69 3169.30 1263.90 1151.20 2619.30 1107.01 0.89 1.07 68.67 26.39 3 
50 3223.87 1290.86 1186.97 2666.90 1106.33 0.87 1.07 67.36 23.83 3 
51 3298.62 1338.73 1222.95 2709.60 1105.67 0.86 1.06 66.27 23.28 3 
52 3372.98 1387.39 1259.09 2752.88 1105.03 0.85 1.06 65.22 22.76 3 
53 3667.56 1636.79 1295.39 2795.60 1106.60 0.83 1.06 66.18 22.22 3 
56 3522.09 1686.86 1331.82 2837.03 1103.78 0.82 1.06 63.17 21.71 3 
55 3596.66 1537.69 1368.36 2877.82 1103.18 0.81 1.06 62.18 21.21 3 
56 3671.20 1588.69 1605.01 2917.86 1102.58 0.80 1.06 61.21 20.71 3 
57 3765.75 1660.39 1661.75 2957.11 1101.98 0.80 1.05 60.26 20.23 3 
58 3820.30 1692.56 1678.57 2995.71 1101.39 0.79 1.05 39.32 19.76 3 
59 3896.86 1765.12 1515.67 3033.65 1100.79 0.78 1.05 38.60 19.29 3 
60 3969.39 1798.08 1552.63 3070.98 1100.20 0.77 1.05 37.69 18.83 3 
61 6063.93 1851.60 1589.65 3107.76 1099.61 0.77 1.05 36.60 18.38 3 
62 6118.68 1905.06 1626.52 3163.95 1099.02 0.76 1.05 35.73 17.96 3 
63 6193.02 1959.02 1663.65 3179.65 1098.62- 0.76 1.05 14.86 17.50 3 
66 6267.55 2013.26 1700.83 3216.86 1097.82 0.75 1.05 36.01 17.07 3 
65 6362.09 2067.77 1738.06 3269.61 1097.22 0.75 1.05 33.17 16.66 3 
66 6616.63 2122.53 1775.30 3283.92 1096.61 0.76 1.05 32.36 16.22 3 
67 6691.16 2177.52 1812.60 3317.82 1096.00 0.76 1.05 31.52 15.80 3 
68 6565.70 2232.72 1869.93 3351.32 1095.39 0.73 1.05 30.71 15.39 3 
69 6660.23 2288.13 1887.30 3386.66 1096.77 0.73 1.05 29.91 16.99 3 
70 6716.76 2343.72 1924.69 3417.20 1094.15 0.73 1.04 29.12 14.59 3 
71 4789.29 2399.50 1962.12 3449.62 1093.52 0.72 1.04 28.33 14.19 3 
72 4863.81 2455.44 1999.58 3481.71 1092.89 0.72 1.04 27.56 13.80 3 
73 4938.34 2511.54 2037.07 3513.48 1092.25 0.72 1.04 26.79 13.41 3 
74 5012.86 2567.79 2074.59 3544.96 1091.61 0.71 1.04 26.03 13.02 3 
75 5087.39 2624.17 2112.13 3576.15 1090.96 0.71 1.04 25.28 12.64 3 
76 5161.91 2680.70 2149.70 3607.06 1090.31 0.71 1.04 24.53 12.26 3 
77 5236.43 2737.34 2187.30 3637.70 1089.65 0.70 1.04 23.79 11.89 3 
78 5310.95 2794.11 2224.92 3668.09 1088.99 0.70 1.04 23.06 11.52 3 

4 6L. 8. 5310.95 2794.11 2224.92 3668.09 1182.13 0.79 1.09 22.69 11.33 4 GL. B. 
Ü REC. 2 5316.95 2798.33 2227.72 3671.30 1145.79 0.76 1.07 22.65 11.31 0 REC. 2 

79 5391.59 2852.62 2263.62 3707.85 1144.93 0.75 1.07 22.17 11.07 3 
80 5466.24 2907.05 2299.57 3744.15 1144.06 0.75 1.07 21.30 10.63 3 
81 5540.88 2961.62 2335.55 3780.20 1143.19 0.75 1.07 20.43 10.19 3 
82 5615.52 3016.30 2371.58 3816.02 1142.31 0.75 1.07 19.57 9.75 3 
83 5690.16 3071.11 2607.64 3851.62 1141.43 0.74 1.07 18.71 9.31 3 
84 5764.80 3126.02 2443.74 3887.02 1140.54 0.74 1.07 17.85 8.88 3 
85 5839.44 3181.04 2479.88 3922.21 1139.65 0.74 1.06 17.01 8.45 3 
86 5914.07 3236.15 2516.05 3957.21 1138.76 0.74 1.06 16.16 8.02 3 
87 5988.70 3291.35 2552.25 3992.03 1137.86 0.74 1.06 15.32 7.60 3 
88 6063.33 3366.64 2588.49 4026.67 1136.96 0.73 1.06 14.49 7.18 3 
89 6137.96 3402.01 2624.76 4061.15 1136.05 0.73 1.06 13.66 6.75 3 
90 6212.59 3457.45 2661.06 4095.46 1135.14 0.73 1.06 12.83 6.34 3 

Figure 27. Detailed output for input data shown in Fig. 26. - Contd. 
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91 6287.21 
92 6361.83 
93 6436.45 
94 6511.07 
95 6585.68 
96 6660.29 

INCLIN 2 6661.29 
9 UL. B. 6661.29 

97 6746.02 
9 OL. B. 6746.02 
RkC TtN3 6747.02 
fc.C.H. 3 6748.02 
AMF RfcL. 6750.02 

98 6335.52 
99 6921.32 

100 6923.35 
101 6925.38 
102 6927.41 
103 6929.45 
104 6931.48 
105 6933.51 
106 6935.54 
107 6937.57 
108 6939.60 
109 6941.63 
110 6943.66 

3512.97 2697.40 
3568.56 2733.76 
3624.21 2770.15 
3679.93 2806.58 
3735.71 2843.03 
3791.54 2879.52 
3792.29 2880.01 
3792.29 2880.01 
3845.02 2914.46 
3845.02 2914.46 
3845.53 2914.79 
3846.04 2915.12 
3847.09 2915.81 
3893.71 2946.25 
3940.58 2976.85 
3941.69 2977.58 
3942.86 2978.34 
3944.09 2979.14 
3945.37 2979.98 
3946.72 2980.86 
3948.14 2981.79 
3949.62 2982.76 
3951.16 2983.77 
3952.77 2984.83 
3954.43 2985.92 
3956.13 2987.03 

4129.62 1134. 
4163.63 1133.32 
4197.49 1132.41 
4231.21 1131.49 
4264.80 1130.57 
4298.25 1129.66 
4298.70 1117.91 
4298.70 1360.13 
4355.36 1357.90 
4355.36 1677.43 
4356.16 1640.98 
4356.94 1614.35 
4358.50 1554.36 
4423.38 1551.82 
4488.41 1549.28 
4489.95 1472.32 
4491.43 1398.29 
4492.84 1327.63 
4494.17 1260.89 
4495.41 1198.69 
4496.55 1141.75 
4497.57 1090.85 
4498.45 1046.88 
4499.16 1010.77 
4499.71 983.41 
4500.06 965.66 

0.73 1.06 12.01 
0.73 1.06 11.19 
0.73 1.06 10.37 
0.73 1.06 9.56 
0.73 1.06 8.75 
0.72 1.06 7.94 
0.71 1.05 7.54 
0.90 1.15 7.53 
0.90 1.15 6.85 
1.04 1.23 6.17 
1.03 1.23 6.16 
1.02 1.22 6.14 
0.99 1.21 6.11 
0.99 1.21 4.75 
0.99 1.21 1.92 
0.96 1.19 0.47 
0.92 1.17 0.41 
0.89 1.14 0.34 
0.84 1.12 0.28 
0.80 1.10 0.23 
0.75 1.07 0.18 
0.71 1.05 0.13 
0.66 1.03 0.09 
0.62 1.01 0.05 
0.58 0.99 0.02 
0.55 0.98 0.01 

5.92 3 
5.50 3 
5.09 3 
4.68 3 
4.27 3 
3.86 3 
3.65 INCLIN 2 
3.65 9 GL. B. 
3.31 4 
2.96 9 GL. B. 
2.96 REC TEN3 
2.95 E.C.M. 3 
2.93 AMF REL. 
2.28 4 
0.92 4 
0.23 5 
0.19 5 
0. U 5 
0.14 5 
0.11 5 
0.08 5 
0.06 5 
0.04 5 
0.03 5 
0.01 5 
0.00 5 

THE REST OF THE CABLE OF LENGTH 87.55 METERS IS LVING ON THE FLOOR 

MAXIMUM EXPECTED ERROR-ASSUMING VELOCITY PROFILE IS CORRECT AND 
IFtTOP ANGLES ARE OFF BY ONE DEGREE ANO DRAG COEFFS. 
ANO SYNTHETIC STRETCH OFF 10 PERCENT 

HuuRING PART N0.> 1 
MOORING PART NO.* 2 
MOORING PART NO.- 3 
MOORING PART NO.- 4 
MOORING PART NO.- 5 

MAXIMUM TENSION OFF 
MAXIMUM TENSION OFF 
MAXIMUM TENSION OFF 
MAXIMUM TENSION OFf 
MAXIMUM TENSION OFF 

IN LBS- 162.063 
IN LBS- 162.503 
IN LBS- 162.693 
IN LBS- 160.336 
IN LBS- 2790.346 

Figure 27. Detailed output for input data shown in Fig. 26. - Contd. 
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-PROFILE NO. I 
-PROFILE NO. 2 

Figure 30. Mooring configuration in x-y plane - low velocity 
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-PROFILE NO. I 

-PROFILE NO. 2 

Figuro 33. Monring configuration in x-y piano - high velocity 
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APPENDIX A 

Variable Definitions and Program Listing 

AO (I) 

BUOY 

CDIA (I) 

COIN (J) 

CDIT (J) 

CDN (I) 

CDT (1 ) 

COI (I) 

C02 (I) 

CONS (1) 

CS (IC) 

D (IKK) 

DB 

DD (IC) 

DE 

DEPTH 

DIA 

DIAL (I) 

DN (IC) 

DT (IC) 

E 

El 

EE 

EH 

ET (I) 

F (I.J) 

H2 

HO (I) 

HPL (N) 

- Constant relating 200D“ length to slack length for I**1 mooring part. 

- Name of the surface buoy. 

- Variable holding slack length ^(Diameter)*^2 of I**1 mooring part. 
This makes the reduction in diameter with increasing tension. 

P 
- Normal drag constant of J**1 instrument. 

o 
- Tangential drag constant %CDTAT> of jth instrument. 

- Normal d» ag coefficient of I*" mooring part. 

- Tangential drag coefficient of Ith mooring part. It includes a 
factor of f7(fTC^). 

- Multiplying constant for permanent elongr tion curve of the Itfl moor¬ 
ing part. Jacket diameter for wire ropes. 

- Multiplying constant for elastic elongation curve of Ith mooring part. 

- Constant for velocity profile in Ith direction. 

- Cosine of angle-theta (IC). 

- Depth of IKK^ velocity vector. 

- Drag constant J Drag = DB(V V )'for surface buoy number 1. Diameter 
of buoy for surface buoy numbers 2, 3, and 4. 

- Tension component in IC direction. 

- Change in depth error. 

- Ocean depth 

- Reduced diameter of a segment. 

- Outer diameter of l**1 mooring part. 

- Normal drag in IC direction. 

- Tangential drag in IC direction. 

- Error in depth during iterations. 

- Error in depth during iterations. 

- Sign of E (negative or positive) 

- Acceptable error in depth during iterations. 

- Error bound on tension magnitude in I**1 mooring part. 

- Force component (including weight) of Jth instrument in Indirection. 

- Depth of the middle point of a segment. 

- Constant for velocity profile in I1*1 direction. 

- Array holding H2 - values of mooring line.segment by segment. 
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IE 

ITER 

IZ 

IKK 

INDEX 

JMAX 

L 

MOOR (I) 

NB 

NI 

NM (I) 

NF* 

NPO 

NPT 

NS 

NS Y 

NVP (I) 

PI (J) 

PL (I) 

POl (I) 

P02 (I) 

POWU) 

PSTRA 

RBSL (I) 

S 

51 

52 

SCOPE 

SF (I) 

SI (J) 

SIT 

- Index controlling computation of maximum error bounds on the 
solution. 

- Variable, equals iteration procedure to be used. 

- Index controlling change in estimated surface tension whenever 
tension or depth becomes negative during integration. 

* Number of velocity vectors (inputed for velocity profile number 
one or two). 

- Index controlling computation and printing. 

- Number of solutions desired for the same mooring system with 
different velocity profiles. 

- Index controlling iterations. 

- Name of I4*1 mooring part. 

- Buoy number. 

- Number of instruments and/or concentrated forces. 

- Number of segments in the I**1 mooring part. 

- Number of mooring parts. 

- Number of complete printouts, out of Jmax solutions, desired in 
a system. 

- Number of total segments of mooring line. 

- Number of segments desired in the mooring line. 

- Number of different mooring systems. 

- Velocity profile number in I**1 direction. 

- Slack length position of instrument. 

- Maximum tension ever experienced by I™ mooring part. 

- Exponential constant for permanent elongation curve of I**1 
mooring part. 

- Exponential constant for elastic elongation curve of 1^ mooring 
part. 

-Constant for velocity profile in I**1 direction. 

- Permanent strain in a segment. 

- Rated breaking strength of Ith mooring part. 

- Total stretched length from surface to the end of a segment. 

- Stretched length of a segment. 

- Total slack length from surface to end of a segment. 

- Mooring scope for the total mooring line. 

- Safety factor for I1*1 mooring part. 

- Length of J*“ instrument. 

- Total length of instruments. 
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F * 

SL (I) 

S LL (I) 

SLLF 

S LT 

SN (IC) 

STR 

STRMAX(I) 

SW (I) 

T 

TENS 

THETA(IC) 

T LO (1) 

TMAX (I) 

TEL (I) 

TSTRA 

TYPE (J) 

U (IC) 

UN (IC) 

UPL (N) 

UT (IC) 

V (I,J) 

VPL (N) 

VTEM 

WIT 

WN 

W'T 

WW L (I) 

X (IC) 

XPL (N) 

YPL (N) 

Z 

ZPL (N) 

Slack length of segment in Ith mooring part. 

Slack length of Ith mooring part. 

Length of mooring line piled up on the ocean floor. 

Total length of all mooring parts. 

Sine of angle-theta (IC). 

Stress (T/d-) in a segment 

Maximum strain in the I^mooring part. 

Weight of segment in I**1 mooring part. 

Tension at a point on mooring line. 

Variable holding tension magnitude at the surface buoy. 

- Angle of mooring line with IC direction. 

Maximum tension in the I1*1 mooring part. 

- Maximum tension in the I"‘ mooring part. 

- Transient peak load experienced by I4*1 mooring part or 
elastic modulus for non synthetic ropes. 

- Total strain in a segment. 

- Name of .1111 instrume nt. 

- Current in IC direction. 

- Normal component of current in IC direction. 

- Array holding x^ - currents acting on mooring line, segment 
by segment. 

- Tangential component of current in 1C direction. 

- Velocity in I**1 direction for vector or surface velocity. 

- Array holding x.^ - currents acting on mooring line, segment 
by segment. 

- Magnitude of the surface current. 

- Total weight of instruments. 

- Normal weight of the segment. 

- Tangential weight of the segment. 

- Weight per unit length of I**1 mooring part. 

- Coordinates of a point on mooring line. 

- Array holding x^ - excursions of mooring line, segment 
by segment. 

- Array holding - excursions of mooring line, segment 
by segment. 

- Variable used in changing surface tension magnitude. 

- Array holding x^ - values of mooring line, segment by segment. 
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r 
r 

K r ^ L w ö I irri^u/, rt'.' »vrv\Aw / / n ' J V-/ » 

DIMFNSIOr XPL(250),YPI.(250)/ZPL(250)/HPL(250),UPI(250)/VP 1(250),PI 
1 ( 50 ), FT( 1 û ) ,DIAL(10),SI L(10),l/WL(10),RBSL(10),CDf:(10),CDT(lC),TPL( 
no), roi(io)/ro2(io),poi(iO),P02(io),AO(io),hmcio) ,sl(10),sw(10),pd 
11A(10),TMAX(10),BTRMAXt10),SF(10),PL(10),TLO(10),om(3),DT(3)/WN(3) 
1 T"FTAT(5) 

rOMMOP F(3,50),PI. 1(3,50),7(3,10),°'I (50),00111(50), CD 11(50),D(10),f:V 
1P( 3 ),MO(3), POU(3),OOPSf 3) ,ll(3 ),X( 3),TMETA(3 ), C5(3 ),Sf'(3), 00(3 ) »l'f'i 
13),l'T(3),T,M?,OFPTM,S2,S, J, If'DFX 

r*****n<:r;ifi|pr of format statfmfmts 
101 FOPPAT(7F8. O,AR) 
102 FOPMATdllS) 
103 F0PMAT(3F10.0,A8) 
1014 FOPMAT( 7F10.0 ) 
105 FORMAK 5F10.0, A8 ) 
106 FORMATf15) 
107 FORHAT( 1M1,PX,'OCFANOrpAPHI C BUOY RYBTFP-SI'RF ACF ' /1 OX , ' RIO1 »'UMRFR' 

1, I3//15X,1 IMPl'T: BITY I S1, AS , ' MO. ', I 3/ 24X, ' OCFAP O'^PT'I-',F6.1, 
1' METERS MOOR I MO SCOPF»',F5.3//5X,'VPL. PROF I LP INFO.:'/5X,'01RF 
1C. PROF. fIC. DFPTI'S/VFLS, OR TOP ''PL. A 3 CONSTANTS') 

108 FORMAT(//15Y,'OUTPUT: ANALY5 I S 7/35X, ' I TFRAT10*' PROCFDURF' //5X 
1,'FSTIM. TFHSI0N TOP AHGLF1 TOR AMOLE2 DP PTH RFACHFD OEPTM ERROR C 
10MMF*'TS ' ) 

10R FORMATfI10,3X,5F8.2,?F5.2,2F6.2,I5) 
110 FORMATf 8X, F7.1, IX, 2F11.2,2F13.1, ' TRIAL RU*i') 
111 FORMAT(8X,F7.1,IX,2F11.2,2F13,1,' COMVPROFMT RUf') 
112 FORMATf15X,I2,2X,A8,F11.2,F16.2,F16.3) 
113 F0PMAT(//5X, 'RESULTS: 0 !OY XFXH-TSI ON« ', FT . 2, ' MFTFRS RL'OY YFXC 

1URS ION* ', F8.2, ' MPTFRS ' / /15X, '.MOOPIVO PAR 
ITS DATA.'/15X,'*'0. TYPE MAXIMUM TEf'SlOf' SA 
1FTFY FACTOP M.AXIMUM Fl OfP^T ION '/33X, ' (LBS) ', 25Y, ' (f; 200 0 SR.)'/) 

Ill* FORMAT(//35X,',iOORI*'P rOllFiniPATIO*'V/5X,'SFO. MO. STR.LFN. XFXCUR 
1. YEXniR. OPPT'I TENSION XANC VAUC XVPL. Y''FL. M.P. NO.') 

115 FORf*AT(//5X,'MAXIMUM PXPPCTFP TROR-ASSIIMI MO VELOCITY PROF I I F IS C 
10RRFCT ANO' /5X, ' I F :TO° ANGLE*5 ARE OFF BY ONE OFORFF A*T ORAO COPFF 
IS. '/5X,'A*'D SYNTHETIC STPFTC'I OFF 10 PERCENT'/) 

11F FOPMAT(5X,'MOORING PART NO.-',13,' MAXIMUM TENSION OFF I*' |PS-',F 
110.3) 

117 FORMATÍ20X,'THF TENSION OP DEPTH |$ GETTING LESS T"A" 0 AT SEGMENT 
1',14) 

118 FORMAT(//5X,' THF REST OF T^F CARLE OF LENGTH ',F8.7,' METERS IS 
1LYINC ON THE FLOOR ') 

HR FORMATfI7,1X,A8,F13.1,F9.3,F7.3,F0.2,FR.3,F10.1,F7.3) 
120 FOPMAT(6X,I 2,5X,ll,7X,4F10.2) 
121 FORMAT(/25X,'CABLE BREAKS AT SURFACE CURRENT OF',F8.2,'CM/SEG') 
122 FORMATf6X,I2,5X,I1,2X,F6.1,F8,3,4(F7.1,F8.3)) 
123 FORMAT?/5X,' 
1. 

-MOORING PARTS DATA- 
'/5X,'NO. TYPF LAUNCH TRAN PEAK DRAG COFFFS 

1. SLACK LFN. DIAMETER R.B.S. WF IGHT*/16X,'LOAD OR E.MODUL. NORM. 
1 TANG. (METERS) (INCHES) (1RS) (LBS/M)'/) 
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► •RFC INI MC or IMF MAIM PnOORAM*********************************** 
rFAn(5#iofi)M*;Y 

»* |OOP FOP DI FFFRC*IT SYST^MRiMOOP I MR OOOF I OUR AT I OHS) * ****** ********* 
PO t»8 IK-1,USY 
RF Ar>( 5,102) 1' I, UP, NS, I KK, ilMAX, MPO, NB, I FPL, (’’VPf 1),1-1,3) 
SIT-0.0 
WIT-0.0 
I F(Nl. FO.0)00 TO ? 

• *PF AP IN THF I flSTRUf'Ff'T( rONr FNTPATFD FORCE) SPEC IFI CAT IONS********* 
RFAP(S,101)(^1(.1),SI (,l),F(l,J),F(2,J),F(3,J),rOIN(J),miT(,l),TYPF( 

1J),J-1,HI) 
no i 
SIT-S I T*S I (.1) 
I F (F (3, .1) .C.T.0 . )00 TO 1 
WlT-WIT-F (3, J ) 

1 COf'TIfUF 
2 PFAO(5.103)OP,,DFPTH,FR, Bl'OY 
• * R F A 0 If T"F PAnAf‘FTcrS FOR DIFFERENT MOORINO PARTS**************** 

RFAP( 5 ,ln5) ( 01 A 1.( I ),SLL( I ) ,WWL( I ) ,RRSL( I ), TPL( I ),MO0R( 1),1 -1,NP) 
PFAO( 5,10 4)1 COKI ),P01(I ),002(1 ),P02(I ), AO (I ), CDN( I ),CDT( I ), I-1,NP 

1) 
• •LOOP FOR DIFFFRFfíT IflPHTEP 701001TY PROFILES********************** 

00 48 IJ-l,JMAX 
DO 3 17-1,3 
IF(HVP(IZ).OT.2)00 TO 3 
rFAP(5,104)(0(1),1-1,IKK) 
00 TO 4 

3 CONTINUE 
4 DC 5 0-1,3 

IF(MVP(.I).I.F.7)RFAP(5,104)(V(.I, I ), 1-1, IKK) 
V(J,IKK*1)-0. y 4 
ir(MVP(J).OT.?)RFAO(5,l''4)V(J,l),UO(J), POW( .1 >, CONS ( J ) 
n(iKK*i)-nFPT'i 
siT-o.n 
nr r i-i,np 
Tf’.A X ( 1)-0.0 

6 SLT-SLT*SI'M) 
■ - •»-»(«'.i I ' )/' ' 
WRITF(F,1P7) 1.1, flUCY, NB, DEPTH, SCOPE 

II F(NVP( n!l.F.2)WRITF(6,l?2) I ,HVP( I ), (D( J), V( 1,0), J-l, I KK) 
7 I F(NVP(I ).OT.2)WRITF(6,120)I,NVP(I ),V(1,1),M0(I ),P0"(|),CONSÍ I ) 

Wr!tF(6^110)( I,MOOR(I ),TP| ( I),CON(I),CDT(I ),SLL(I ),DlAL(I ),RPSL(I ) 
1,WWL( 1),1-1 ,f'P) 

-•-SFOMENTATION OF the iioorinc. line in npt sec.mfnts****************** 
NPT-1 
on c i-l,up 
NM(I)-(SLL(I)/SLT)*NS*0.5 
I F ( l'A 11 ( I ) ,0T. 20. )NM( I )-SI.L( I )/2. 
IF(HM(I ).EO.O)NM(I )-1 
HPT-MPT*NM(I ) 
SL(I)-SLL(I)/NM(I) 
SW( I )-VA/L( I )*SL( I ) 

8 COIA(I)»SL(I)*(DIAL(I)**2) 
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IFLAOO 
IHDEX-2 
Z—300. 
I -0 
IF-1 
IZ-1 
XPL(1)«0, 
YPI.( 1 ) *0. 
ZPI.(l)-0. 
ITFR-1 
VTEM*Snp,T( V( 1# 1)**2*V(2#1)**2) 
IF(VTFM.LE.25.0.OR.(VTFM.LF.50.0.AND.SCOPE.PF.l.))ITER-2 

C*****INITIAL ESTIMATE FOR STATIP TENSION IN FIRST SEOMENT********* 
TENS-WIT 
DM 0 I-1,NP 
IFC.IWKI).IT.0.0)00 TO 10 

0 TENS-TFNS*'/WL( I )*SLL( I ) 
IC I F ( ITFR.EQ.2)TENS-TENS/2. 

I F ( VTFfi.OT. 150. )TEN5-TENS*2.5 
I c(TENS.OT.10000.)TEMS-10000. 

r*****RFO I '11 NO OF MOOR I NO LINE CA LLCIILAT IONS*********************** 
UR ITF(0,108) 

11 IF(TENS. IE.0.)TENS-50. 
S2-0.0 
K-l 
s-n.o 
v(i)-n.o 
x(?)-o.n 
X ( 3)-0.0 
"2-0.0 
.)-1 
T-TFf'S 

r*****DFTFRMINIHO ORIENTATION OF FIRST SFOMENT*****************•*** 
CALL A?IOLE( NR, V, TENS, DB, T'lETAT, VTEM) 
IF(IE.NE.2)00 TO 13 
DO 12 JA-1,2 
IF(T,,CTAT(JA).OT.1.57079G)THFTAT( JA) -THETAT( JA ) ♦ , 0171)5 

12 IF(T'IETAT( JA).LE.1.570796)T'!ETAT(JA)-T!IETAT( JA)-."17!i5 
13 T'irTAT(3)-ARr0S(SaRT(l.-r0S(T'IFTAT(l))**2-r0S(THETAT(2))**2)) 

DO 14 MZ-1,3 
14 TMET A(MZ ) -T"ETAT(f1Z ) 

DO 24 I-1,NP 
S'/W-2.*SW( I ) 
SWI.-2.*SL( I ) 
I F (SWL. LE. 50. ) SVIL-50. 
TMAX(I)-T 
STRMAXÍ1)-0.0 
PL(I)-TPL(I) 
NK-NM(I )*K-1 
DO 23 N-K,NK 
IF(T.OT.PL(I ))PL(I)"T 
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r*****rHFCK FOR AÎIY IMSTRUMEÜTS OR rONTEHTRATED FORCES****************** 
IFCJ.CT.HI>00 TO 16 

15 IF((S?*SL(I >*R.5).C,F.PI{J))CALL FOPCES(TYPF) 
IF(ABS(T*C0S(T"rTA(3))),LE,SWW,AND.ABS(PFPTM-y(3)),lF.S'il)CO TO 4? 
IF(T.IF.0.0.OP.H7.LT.0.0)00 TO 40 
I F(J,CiT.fll >00 TO 16 
I F ( (S2*5L( I )*0,5 ) ,0E. PI ( J) )CiO TO 15 

r*****STRrS0-rTRAIM CALCULATIONS FOR MOORIf'C SFOMFfIT******************** 
16 IFfPOKl >.E0.0.0)00 TO 18 

r*****SYNTHET10 ROPFS*************************************************** 
STR-T/(riAL(I)** 2) 
IF(STP..LF,200.0)00 TO 17 
PSTRA"((0L(I )/( PIAL(I )**2)-200.0)/001(l))**(1.0/P01(l)) 
TSTRA*PSTnA*((STC-200.0)/C02(I ))**(1.0/P02( I )) 
I F ( I E. FP. 2 )TSTP.A*0,9*T5TRA 
Sl-AO(I)*SL(I )*(1.0*TSTRA/100.0) 
00 TO 19 

17 TSTRA-0.0 
Sl-SLÍI )•(1.0*(AO(I )-1.0)*STR/200.0) 
GO TO 19 

r*****WIRE ROPES-PL IS ELASTIC MODULUS AMD COI IS JACKET DIA************ 
IP TSTRA"T/(0.7854*PL(I)*(DIAL(I )-001( I ))**2) 

S1«5L(I)*(1.0*TSTRA) 
19 I F(TSTRA.CT.STRMAXÍI ))STRMAXÍI )*TSTRA 

p*****RFC|Mn'C OF THE niIMFPICAL IUTFC.RATI0I1 PPOCEDllRF******************* 
S?-S7*SL(I ) 
S*5*S1 
no 20 10-1,3 
SM(|C)-Slf'(THFTA(|C)) 
''r,nc)«cos{Tt,pTA( io) 

29 X(IC)-X(IC)*S1*CS(|C) 
IF(SM(3).FO.0.)SN(3)-0.000001 
niA-snr7(CDiA(i)/si) 
umi-S'i( i )*su(j) 
UT-S'fd )*CS(3) 
h?-X(3)-((S1*05(3))/2,0) 
IF(H2.LE.0.0)0,0 TO 40 
CALL SPEED 
DO 21 I 0-1,3 
11-10*1 
I 11-10*2 
IF(II.CT.3) 11• 11 -I 
IF (III.CT.3) 11l-lI 1-3 
UH(IO)-U(IC)*SN(I0)**2-U(lI)*CS(IC)*CS(I I )-1)(1 I I)*0S(I0)*05(11 I ) 
UT( 10)-1)( IO)*OS( 10) 

21 WM(IO)—miN*CS(IO)*OS(3)/SN(3) 
WM(3)-WN(3)*WMN/SN(3) 
VMM-SQRT(UN(1)**2*I)N(2)**2*UN(3)**2) 
UTT-UTÍ1)*UT(2)*UT(3) 
IF (T.GT.TMAXÍI )) TMAX(I)-T 
DO 22 IC-1,3 
DN(IC)-(2.94F-4)*CDN(I)*S1*DIA*VNM*UN(IC)-WN(IC) 

22 T'^TAÍI0)-THETA(IO)-ON(I0)/(T*5H(I 0)) 
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T-T-'rr*(2.94E-4)«CDT(l)*Sl*DIA*ABS<in7)*UTT 
ir(IHDEX.En.3)WRITE(6#109)*',S,X(l)#X(2)#X(ï)#T,THFTA(l),TMFTA(2), 

lud) ji(*>) i 
IF(ABS(T*rS(3)).LF.5Vr,I.AHD.ABS(0EPTH-X(3)).LF.SWL)r,0 TO 42 

I T (T.IE.0.0)00 TO 40 
1P(T,OT.TMAX( I ) )T*1AX( ! )-T 
Xf’KM^D-Xd) 
Y°L(,l*l ) *X( 2) 
ZPL( t!*l ) "X(3 ) 
upl(h)«ii(1) 
vn[(n)«u(2) 
PPI.(M)«I!2 

23 CONTINUE 
«■MOI 

2U rHECKMF0P AflY I USTPUHFIIT( CONCPNTPATFO FORCF) REFOP.'’ ANC'IOR******** 
IF(J.CT.flDCO TC 26 
CALL FPRCFS(TYPF) 
IF (ARS(T*CS(3)). IE.SUW.AMD.ARS(DEPTH-X(3)). LE. S'<L)GO TO 42 
IF(T.LE.0.0.OR.M2.IE.0.0)00 TO 40 

25 

00 TO 25 
r*****BFOINIMr. OF TME ITERAT I Ofl PROCEDURE*********' 

26 IFdNDEX.FQ.l.AND. ITER.F".2)00 TO 30 
I F ( I NDEX . FO.DGO TO 27 
I F ( INDEX . Ef).3)00 TO 35 

r*****CAl CULATF AND CHECK MAONITIIDE OF DEPTH ERROR 
F-DFPTM-v(î) 
FFF«AbS( F) 
FF-F/EEF 
I F(FFF.LT.FR)00 TO 33 
INDEX«! 
IF( I F.F0.1)WRITE(6/lln)TFU<î/T"FTAT(l),TIIETAT(2),X(3)/r 

Ir( I TER. FH.2)00 TO 28 
r*****ITERATION PROCEDURE HD. 1 **************************** 

!• L ♦ 1 
IFd.FQ.10)00 TO 48 
TFHS-TENS*50.*FE 
CO TO 11 

r*****F|ND CMAHOE-FRROR/CHAHCE-TEHSI ON AND ADJUST TENSION 
27 E1»DEPTH-X(3) 

DE-E-E1 
TFNS-TFNS-50.*FE*50.*EEE/DE 
INDEX-2 
GO TO 11 

C*****ITFRATION PROCEDURE NO. 2 **••*•*•****••*•••******* 
28 Z-300,*EE 
29 TENS-TENS*Z 

00 TO 11 
30 E1-DFPTH-X(3> 
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IF<ABS(m.LE.FR)no TO 33 
IF ( I F. FQ. 1 )WR I TE( 6,110)TEMS# T'IETATt 1 ), THFTATt 2 ) # X( 3 ), Tl 
L*L*1 
IF(L.Fn.20)rn TO 48 
IF(ABS( F.l),f T. ABS(F) )00 TO 31 
|F((F.OF.n..Ann.FI.OF.0.).OR.(F.IT.o..ANO.FI.IT.0.))00 TO 32 

31 Z —Z/3.0 
32 F-Fl 

00 TO 20 
r*****rAtniLATr amp w^itf final rfbulto****" ^-^ ----^ -^<•••* .• ************ 

,, , ( r-. - . ' ' ' - -.- 
•'•(AOO(r).IT.FR)ri-F 

UP. I TF( r# 111)TFfIS#TIIFTAT(1 ) / TMETATi 2) #X(3), El 
UP. ITF(6,113)X(1)#X(2) 
no 34 I»1, HP 
SF(l)-PnSL(l)/TNAX(l) 
TLO( I ) «TflAXÍ I ) 
l/R I TF( f # 112 ) I ,’inOP.( I )/TMAX( I ), P.F ( I ), STRMAX ( I ) 
IF (SF ( I ). LT. 1.0) Vil’.I TF( 0,121 ) VTFM 

34 OONTINUF 
r«**.*RrrALCui.ATr Arm ’ipite out ro’iFinunATiof if rfouirfd*************** 

IF( IJ.OT,MPO)OP TO 35 
WR ITE(G,114) 
inOFX-3 
00 TO 11 

r*****RFOALruiATF TO DFTFPMI f'F THF ERROR BOUNDS************************* 
35 IFdFI.AO.ro.1)00 TO 43 

I F ( I FPL.FO,0)00 TO 36 
OA LI. PLTl(f'PT#::PL,YPL/ZPL,l,r’L//PI./"PL,DFPT!l# I FPL, I FK, V, PLT, f I,'.'V'') 

3G I F ( I TER, FT.2)00 TO 48 
IF-2 
(Mppy-? 
no 37 F-1,MP 
ODN(F. )-l.l*ODN(K) 

37 mT(K)-l.l*onT{K) 
00 TO 11 

r*****OALOULATF ANO './PITE POSSIBLE ERROR BOUHnS************************* 
38 WR ITF(0,115) 

PO 39 1-1,IIP 
rnN(i)-onM(i)/1.1 
ODT(l)-CDT(l )/1.1 
FT(l)-ABS(TLO(l)-TMAX(I )) 
WRITFtG,116)1,ET(I) 

39 CONTINUr 
00 TO 48 
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***TOP T CMANCrO T OP X(3) NEGATIVE DURING INTEGRATION********** 
40 I F ( IZ.EQ.25 )G0 TO 47 

IZ-IZ*1 
I F (DEPTH. IT, 112. AND. I TER. EQ. 2) GO TO 41 
1*112.0 
I F ( I TER.ro.l)TENS»TENS*300, 
IF ( I TER. EQ. 2)TENr.«TENS-Z 
GO TO 11 

41 TFNS«TEf'S*Z 
GO TO 11 

***Fxrrsp. rooPi'T i hie pile up at opean rottoií*********************** 
42 IF(|finrX.EQ.3)GO TO 43 

iflao-i 
E1-QEPT"-X(3) 
GO TO 33 

43 PUE-SI.T^IT-GZ 
I/o IT E ( 6 # 118 ) S L L F 
IF ( IFPLO.EQ.0)GO TO 48 
on 4 5 KZ * I,MP 
on 44 NZ»N#MK 
XPL(NZ*1)*XPL(NZ)*SL(KZ) 
YPL(r:z*l)-YnL(MZ)*ni(KZ) 
ZPL(NZ+1)aX(3) 
HPL(NZ)**H2 
UPL(NZ)*0 . 

44 VPL(NZ)*0. 
f!*NK*l 

45 NK*NM( I )*N-1 
DO 46 KZ *J,NI 
DO 46 IC-1,3 

46 PIT( IG,KZ)*X(10) 
GALL PLT1(NPT,XPL,YPL<ZPL,UPL,VPL,HPL / DEPTH, I FPL, I KK, V, PLT.t'I.NVP) 
GO TO 36 

47 1/P. I TE( 6,117) U 
4C GOf.'Tiriur 

GALL UUEREiXI,Y1,-3) 
GALL PLOT(X1,Y1,909) 
GALL EXIT 
END 



SUBROUT I fJF ANOLF( PB, V, TFMSiDB, TMFTA, VTFM) 
DIMENSION V( 1,1 ) /T'IFTAÍ 1 ) 
DO 5 »1*1,2 
I F(NR .FO.1)00 TO 1 
I F(NB-3)2,3,4 

n*****BUOY NO. 1—WHEN UR AO. CONSTANT DR (DRAO-UP.* V/V/) IS OIVFN***< 
1 TMFTA(,l)*ARCOS(nR*(V( J, 1)/929.03) *VTF.M/TEPS) 

00 TO 5 
r*****RUOY NO. 2--T0R0I0 OF DIAMETER DB**************************’ 

2 THFTA( J) *1.570791)-( (2.5C3E-4)*(V(.1,1) *VTFM/DB)*(TENS/( .0921« 
1*DR**3))**(-.5S7)) 
00 TO 5 

r*****P,UOY ^'0. 3--DISK OF DIAMFTFR DR 'MT'I FFFT******************' 
3 TIIETA(»I)*1.57979R-((1.98F-4)*(V(-I,1) *VTpM/DB)* ( TFf IS/(.0725 
1*DR**3))**(-.503)) 
00 TO 5 

r*****R(!OY NO. 4--DI9K OF DIAMFTFR 0" 'IIT'IOUT F F FT*************** 
4 THFTA( »I )-1.5707^5-( (7.474F-5)*(V(.1,1) *VTpM/PR)*(TpPS/(. 0725 
1*DR**3))**(-.4P2)) 

5 CONTINUE 
RETURN 
END 
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SURROUTIHE FOROFS(TYPF) 
P. F A L * 8 TYPE(l) 
rOMMOfl F(3,50),PLT(3,50),V(3,10),SI (50), CD IH( 50), rpiT( 50),0(1 n),f'V 

1P( 3 ),"0(3), POU(3) ,COri5(3 ) ,U(3 ) , X(3 ) ,T'IETA(3), CS(3 ),Sf'( 3) ,DD(3) ,UN( 
13),UT( 3 ),T, '12,DEPTH,S2 ,S, J, INDEX 

101 FORMAT (5>',A8,5FP.2,2F5.2,2FR.2,1X,A8) 
r*****NUMFRI CAL I f'TECRATI ON PROCEDURE*********************************** 

S:-S2*SI(J) 
S*S*SI (.1) 
DO 1 I C*1,3 
S"(|C)-Slf(T"FTA(IC)) 
CS( IC)-COS(T'<PTA( IO) 
X(|C)-X(IC)*SI(J)*CS(IC) 
ir(INDEX.F0.3)PLT(IC,J)-X(IC) 

1 comtiimie 
"?*X(3)-SI(J)*CS(3)/2. 
r A LI SPEED 
IF (SI(J).NE.O.) 00 TO 3 
V‘lf-SO.nT(li(l)**2*U(2) **2*11(3)**?) 
DO ? IC-1,3 

2 DD( I C)-T*CS( I C)*CDIfl(J)*VflM*L!( I 0)/029.03*F(10,,1) 
C« TO 6 

3 DO n IC-1,3 
I l-IC*l 
I I I-10*2 
IF ( I I.CT.3) I I-I1-3 
IF (Ml.CT.3) I I I -1 I I -3 
U'!( |0)-U( I0)*SM( |0)**2-U(I I )*OS( IC)*CS( I I )-11(1 I I )*OS( |0)*0S( I I I ) 

U UT(IC)-U(IC)*CS(IC) 
VNM-snnT(im(l)**2*UN(2)**?*UM(3)**2) 
UTT-UT( 1 ) +UT( 2 ) *l)T( 3 ) 
nTT«CDIT(J)*ADR(UTT)*UTT/929.03 
DO 5 10-1,3 

5 DD(IC)-(T*DTT)*0S(IC)*ODIU(J)*VNM*UN(IC)/929.03*F(IC,J) 
6 T-SORT(DD(l)**?*DD(2)**2*DD(3)**2) 

DO 7 10-1,3 
7 TOFTA( I C)-ARC0S(DD( IO/T) 

IF(IMDEX.E0.3)WRITE(6,101)TYPE(J),S,X(1),X(2),X(3),T,THFTA(1),TUET 
1A(2),U(1),U(2),TYPE(J) 
,)-J*l 
RETUPÎI 
F"D 
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SltrPOUTIMF r.PPrn 
rOMMO" F(3#50)#PLT(3/50)#V(3#10)#,!l(50)#CDIH(50)/rDIT(50),D(in)#MV 

lP(3),HO(3),POW(3)#rOMS(3) ,1)(3)#X(3)#THETA(3)/CS(3)#SfJ(3),Pn(3),HN( 
13) ,111( 3 ) ,1,)12, DEPTH, !> 2, S, J, INDEX 

^*■1 
no 22 JJ-1,3 
IF(NVP(JJ)-U)]0,4,11 

10 IF(f!VP(JJ)-2)1,2,3 
11 ir(NVP(JJ)-6)5,6,6 

r****#poor I I.F NO. i****•••**•••••*••*••»**•••*•••*•«»*••»•»•*»*••*••**«* 
1 IF(!I2.IF.0(1))00 TO 20 

IF(!l?.OF.nFPTH)00 TO 21 
12 IF(H2.0T.n(M).AND.M2.LF.n(M*l)) 00 TO 13 

N-M+l 
00 TO 12 

13 U(JJ)-'r(JJ,M)-((V(.W,M)-V(JJ,f1*l))*(H2-D(M)))/(n(r*l)-D(M)) 
00 TO 22 

0****«POOF I IF NO, 2****************************************************** 
? IF(M?,LF,n(l))00 TO 20 

I F 0!2. OF.DFPTW)00 TO 21 
H I F (M2. OT.n(M), AfID."2. LE.D()1+1 ) )00 TO 15 

N-fl + l 
00 TO 14 

15 TEH«(0(I')+0(M*1 ))/2. 
|F(M?.rF.TEM)l)(,IJ)rV( JJ,H+1) 
ir(H2.LT.TEM)l)(JJ)-V( JJ,M) 
00 TO 22 

r*****POOFILF "0. 3**********O************************************••***+ 
3 IF (M2. LE ,110 (JJ ) ) 00 TO 20 

U( JJ)-V( JJ,1)*(1I0( JJ)/II2)**P0.I(JJ) 
0.0 TO 2 2 

0 + * + + + PPOFIL F NO. 4**•*••*****•**••**•••»•******************• + •**••**** + 
4 IF("2.LE."0(JJ))00 TO 20 

U(JJ)-V( JJ,1)-V( J.l,l)*( (M2-M0(JJ))/(DFPTM*00tlS(.)J)-"O(JJ)))**P0W(il 
1J) 

0.0 TO 22 
r*****PR0nLF NO. 5***************************************************** 

5 IF(M2. LE.MO(JJ))00 TO 20 
U( JJ)*P0U(.)J)*(V( JJ,1)-P0U(JJ))*( (H2 + COr¡,5( JJ)-DEPTH)/(»IC( JJ)+0rf!5( 

1jj)-nr PTM))** 2 
00 TO 22 

r*****pRorilf no. 6**•*•*••*•*****•*•**•*•****************************** 
g Dr,,i='' f . 

nrp^.r.rn+ti... (.,) 

,r("2-[ FP1)17,17,IF 
1G IF(M2-"0(JJ))18,18,11 
17 U(JJ)-V(JJ,l)*COS(G.28319*M2/DFP) 

00 TO 22 
18 IKJJ) — P0W(JJ)*005( 6, 28 310*H2/OEP) 

0.0 TO 22 
10 U(JJ)-CONS(JJ)*SIN(3.14159*(H2-MO(JJ))/DFP2) 

0,0 TO 22 
20 U(JJ)-V(J.J,1) 

00 TO 22 
21 U(JJ)-0. 
22 OONTINUE 

RETURN 
END 
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iPLTrmITflivp)PLT1(NPTS<XPL'YPL'ZPL'l,PL'VPL'MF,L'DFP™' IFrL#IKK'v' 

PIfÉnsíON BUFrrR(250)/XPL(l),YPL(l)#2PL(l)#l'n|.(l) lir>L(l).VP, (1) 
DI MENS I Of! V(1,1),PLT(3,1),NVP(1) 
XFn-3. 
XORf.-lOO. 
DU«XORr,/XFR 
nY-DFPTM/6. 
xrn-ARs(xPL('!PT«;) ) 
YRn»ABS(YPL("PTS)) 
xFrr-ypo/nY 
YFPf-YRP/DY 
XLFf.*2. *XFPM 
YI F*'*2.*YFRM 
UPL(VPT5:)-n. 
VPi.(>:PTf:)»o. 
'!Pi.(*!prr,)-nrPTH 
XPl.(f:PTS*l)—XRC 
YP| 0!r>T*>l)—YRG 
UPI (»"’TR + D-XORn 
VDL('IPTS + l)»XORG 
ZPL(»!OTS*l)-DFPT!l 
"PL(*:PTS*l)-nEPTM 
XPLf.'PT5*?)»DY 
Z^K'-PTS^J)—PY 
YPL(fiPT*;*2)-DY 
UPL(NPTS^2)—DP 
VPL(NPTS'»2)—Dll 
HPL(4!P7S*2)—DY 
MTEM-HPTS«2 
DO O I«!,I FPL 
PALL PLOTS(BUFFER,NTEM) 
PALL PLOTfO.,0.,-3) 
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C
J
 
C

 

i r( i - ? ) i,2i3 
1 CALL AX IS(0.,6.,1X EXCURS I ON (METERS)',19#XLFf,0.#-XRr#DY/10.) 

TALL AXIS(XFrM,0.,'nEPTH (METERS)'#14,6,# 90,,DEPTH,-DY,10.) 
TALL LIHF(XPL,ZPL,flPT5,1,0,0) 
no TP 7 

2 PALL AX I 5(0 ,, 6., ' YEXCURSIOM (METERS) ', 10, YLEI',0. #-YRC,DY, 10, ) 
TALL AXIS(YERM,0.,'DEPTH (METERS)',14,6.,90.,DEPTH,-DY,10.) 
TALL LIHE(YPl,ZPL,MPT5,1,0,0) 
GO TO 7 

3 IE(l-4)4,5,6 
4 PAI.L AXIS(0.,6.,'X VELOCITY ( CM/S EC)1,15,0,,0,, XPRR, -Dl', 10, ) 

CALL AX I S( XFP., 0., ' DEPTH (METERS) ', 14, G., 90 ., DEPT",-DY, 10 . ) 
CALL LI NE(UPL,HPL,NPTS,1,0,0) 
CO TO 9 

5 CALL AXI5(0.,6.,'YVELOCITY ( CM/S EC )',18,6.,0.,XORC,-DM,10.) 
CALL AXIS(XFP,0.,'DEPTH (METERS)',14,6.,90.,DEPTH,-DY,10.) 
CALL I. If! E(VPL,HPL,MPTS,1,0,0) 
CO TO 9 

G CALL AXIS(0.,YFRM,'XEXClIRSIOf (METERS)',19,XLEf,0,,-XRO,DY,10.) 
CALL AXIc(XFRM,0.,'YEXCURSIOH (ffETERS)',19,YLEM,90.,-YRG,DY,10,) 
CALL L IVF(XPL, YPL,f,nTS,1,9,0) 
rn JO 9 

7 DO 8 E«1,I 
IE(I .EO.1)X*PLT(1,K)/DY + XERM 
I E( I .rp.2)X*PLT(2,K)/DY*YERf* 
Y»f..-PLT(3,K)/DY 
CALI pYf"'OL(X, 0.0 35,0,90,,-1 ) 
COflTIMUE 
P.FTUIMi * 
rut) 
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APPENDIX K 

■Subroutine Speed 

As explained in section 4. 5, six different types of velocity profiles in 

the form of analytic expressions have been incorporated in the computer 

program. These are included as a subroutine called 'SUBROUTINE SPEED1. 

Variables are defined in Appendix A. 

Profile number 1 is described bv the expressions: 

V(J>n:. H2SD0) 

V (.1, M) - [V(.r, M) - V(J, M + 1)| X [H2 - D(M>] -j- [D(M * 1 ) -D(M)]; 

U(I) . D(M)<H2<D(M ^ 1 ) Äi 1^IKK (1) 

V(J.M) - V(J, M) X [H2 - D(M)l-f- [Depth - D(M)];- 

.. D<IKKXH2$Depth 

Here J refers to the directions Xj, x9, and x^ and M refers to the 

number of IKK velocity vectors which are inputed. 

Profile number 2 is described by the expressions: 

.... + D(2) )/2 

U(J) (D(M-l) f D(M) )/2$H2i(D(M) + D(MH) )/2 & 1< M< IKK (2) 

VÍJ.IKKh-ÍDÜKK -1)- D(IKK) )/2<-H2^(D(IKK) - Depth)/2iM = IKK 

,° H2>(D(IKK) + Depth)/2 

Here .1 refers to the directions Xj, x9, x3 and M refers to the number 

of IKK velocity vectors which are inputed. 

Profile number 3 is described by the expressions: 

U(.J) 
V(J. 1) .H26HO(J) 

V(J, 1) X (HO(J)/H2?(J)-- H2>HO(J) 

-^(J) 
Here current speed is expected to decrease as (H2) . The 

relationship is therefore of the form: 
-°UJ) 

U(J) = Cl X V(J, 1) X (H2) 

(3) 

(3. 1) 

where Cl is a multiplying constant. The expression becomes invalid 

at the surface where H2 = 0. If the top HO(J) meters of water are moving 

with the surface current speed we have U(J) = V(J, 1) for H2£HO(J). 
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(3. 2) Therefore, V(.I,1) Cl xV(.l,l) x (HO(J) 

«(.T) 
or. Cl (HO(.m 

That is, u(j) vu, n x (no(.n/H2rJ) 

The profile is valid from HO(J) meters below the surface down to 

anv depth. 

Profile number 4 is described by the expressions: 

l’(.T) 
V(.l, 11 ;. 

V(J, 11 - V(J, 1) 

112^ nou) 

2 - IIO(.I) 
M(.n 

WJ) X Depth - IK )(.n 
-r 

■ -II2>H( )(.! 1 

t'j. 3) 

(3. 4) 

(41 

Here, the first 11()(.1) meters of water are moving with the surface 

current speed and the profile changes direction at a depth Cl where Cl/Depth 

f(.l), which is inputed as C()NS(.J). 

Profile number á is described by the expressions: 

1(.1) 

V(.l, 1);. 

0((.1) • [V(J. 1) -X.D] 
112 • 1(.1) - Depth T 

'HO(.T) * 5(.T) - Depth] ' 

112^11( )(.1) 

H2>HO(J) 
'5) 

This was derived with the current reversing directions more than 

once or increasing in magnitude after having decreased in magnitude for 

some depth. The relationship is of the type: 

U(J) XU) + K( 112 - £(.1) - Depth)2 

which represents a parabola; at 112 = 11()(.1), U(.I) V(.I,1) 

Therefore, VU, 1) *(.[) * K(HO(J) +^.(.1) - Depth)2 

V(.l, 1) -3((.1)_ 
0r' K ( IK)(.1 ) * ^,(.1) - Depth)2 

Which gives expression (5). Here^M), inputed as POW(J) equals 

the algebraic minimum current as shown in Fig. 23. ®>(.I), inputed as 

CONS(.I) equals the height from bottom where this minimum occurs. 

(5. 1) 

(5. 2) 

(5. 3) 
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Profile number 6 is described by the e:cpressions: 

U(J) = 

[V<J. D ^ cos(1.5TTH2/tlb(J);.H24HO(J)/3 

-0<(J) « cos(1.5TrH2/HÔ(J));---HO(J)/3<H2íHO(J) (6) 

^(J) ^ sin(fT H2 - HO(J) 
Depth - HO(J) ); H2 >HO(J) 

Here, HO(J), 3<(J) and ß(J) are as shown in Fig. 24. J 

directions Xj, and x3 . 
refers to th 
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APPENDIX C 

Subroutine Angle 

The results of buoy model tests performed on three buoy shapes (Ref. 6) 

along with an analytic expression relating inclination with tension magnitu '? 

(for known drag constant) have been incorporated into the computer program 

as 'SUBROUTINE ANGLE' . These are explained briefly here. Integer 'NB' 

refers to the number of the buoy and varies from 1 to 4. For NB 1, the 

relationship is described by the expressions: 

H(J) cos’1 j“ DB X (--1^ ) «VNM ^Tens j J 1,2 (1.1) 

(1.2) 

Here, DB is the drag constant in normal direction, defined by: 

Drag = DB » VNM (1.3) 

and. 
«(3) cos 

-1 
1 - cos Oi 1)- cos“ W(i 

1 9 
where, VNM JV(1,1)“ • V<2, 1) 

V(.i, 1) is in cm/sec and all other units are in F. P.S. system. 

For NB 2,3, and 4, experimental expression were derived (Ref. 6) 

as listed below. (Here drag force is assumed proportional to square of the 

velocity. ) 

NB 2 (Toroid) 

eui = ÏÏ . v^'evxM ,.I*«* “V 
( DH 0. 0924xDR3 

NB 3 (Disk - with - Feet) 

(2. 1) 

O(J) = j - 1.98XlQ-4XHJ)iVNM <_Tens , 
DK 0.0725xDB3 

-0.583/ 

(3. 1) 

NB = 4 (Disk - without - feet) 

SU. ■ ? - 7.474,10-5 mi'-.y™ , Teas , 
¿ / DB 0.072xDB3 

-0.482 
(4. 1) 

where, J = 1, 2, and DB represents the diameter of the buoy. 

85 



B(3) in all cases is given by: 

0(3) - cos -if r~ :os N1 - cos2 0(1)- cos2 0(2) 

Again, 

V(J, 1 ) is in cm/sec and all other units are in F. P. S. system. 

(4.2) 
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PART II 

SUBSURFACE MOORING LINES 
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ABSTRACT 

Bart II of this report deals mainly with the static case of a single point 

subsurface mooring line, and presents a computer solution to provide, with 

reasonable accuracy, the system's steady-state configuration with regard to 

geometry and line tension. 

The work reported here is an extension of work presented in reference 2, 

and presents a three-dimensional solution to the general three-dimensional buoy 

system. 

The computer program presented is written in FORTRAN. A complete 

listing and detailed instructions for its use are included. 

On IBM 360/75 typical central processor time to complete this computation 

for a line divided into 50 segments including I/O and plotting calculations is 3 

seconds. Computation time for one integration cycle alone (from top to bottom of 

the line) for the same system is 0.08 seconds. 
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General 1.0 

1. 1 Introduction 

Static analysis of a Single Point Subsurface Mooring Line is not much 

different from a Surface Mooring Line which is dealt with in Part I. One major 

difference lies in the boundary conditions. In the case of a Subsurface System, 

the top of the system is free to move in the vertical direction with changing 

velocity fields. Thus we no longer have a fixed vertical depth for the system 

as in the case of a Surface Mooring System. But, as the buoyancy and drag 

characteristics of a submerged body are known to the desired accuracy we no 

longer have an unknown top tension. This leads to a solvable problem with 

known top tension and iterating on the top buoy depth. 

Subsurface mooring systems are being used more frequently for 

reasons of logistics, being much cheaper than the surface moor ing systems, 

lesser average motion and a better knowledge of drag characteristics for fully 

submerged bodies. On the other hand subsurface mooring systems cannot 

measure oceanic environment very near the surface, telemetry is difficult to 

achieve and cannot be sighted by radar. 

This report is Part II of a four part report and deals with the static 

case of a single point subsurface mooring line. Computer simulation very much 

similar to the one for surface mooring lines is performed. A typical mooring 

line is shown in Fig. 1. 

1.2 Assumptions, Limitations and Suggestions for Further Study 

The mooring system is limited to a single line, connecting the top 

buoy with the anchor, made up of different materials and components. The 

connecting line may also support any number of buoys along its length. 

In its present form no allowance for shrinkage or creep of the syn¬ 

thetic ropes is taken into account. Elongations due to rotation of non-torque 

balanced cables is also not considered. 

An important area which may be a cause of errors in the present 

computer solution is the input information required for the solution. Drag 

coefficients for mooring components may not be known accurately enough and 

need further investigation. Elastic and plastic properties of different mooring 

materials under the deep ocean environment need further investigation. The 
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computer program can be extended to solve mooring systems with multiple legs. 

2. 0 Theoretical Analysis 

2. 1 Analysis of Forces - Static or Steady-State 

The forces applied to a subsurface system are similar to that of a sur¬ 

face system with the absence of the surface buoy. 

2. 2 Stress-Strain Relations 

This section remains the same as in Part I. 

2. 3 Mooring System Analysis-Static 

This section remains the same as in Part I. 

2. 3. 1 Mooring Line Equilibrium Equations 

This section remains the same as in Part 1. 

2. 3. 2 Top Buoy Equilibrium Equations 

Consider the free body diagram of the top buoy of a subsurface moor¬ 

ing system (Fig. 2). The steady state forces acting on it are the drag and buoyancy 

forces. 

Equilibrium requires vectorially, 

VVW^B (1) 
B^, the buoyancy is a function of water displaced by the top buoy and its weight 

in air. is a function of drag coefficients (CD), the velocity field relative 

to the buoy U, and the characteristic area of the buoy (A). Hence, 

f (CD, IT. A) 

3. 0 Method of Solution 

This section remains the same as in Part I. 

3. 1 Program Logic 

This section remains the same as in Part I. 

3.1.1 Segmentation of the Mooring Line 

This section remains the same as in Part I. 
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3. 1.2 Initialization of Integration Procedure 

a. Analysis 

To begin the solution procedure an estimate of the top buoy depth 

has to be made. This estimate has been left as an input and can be 

estimated by knowing the depth of water, length of mooring components 

and a little knowledge about the velocity fields and elongation charac¬ 

teristics of the mooring components. In order to find tension and 

orientation of the first segment buoy equilibrium equation (1) is used. 

The drag force acting on the top buoy can be calculated knowing 

the flow past the buoy at that depth, Tï^ , the buoyancy rf buoy is known 

and Tj is the tension in the first segment having ©j, ©g, and Bg, the 

three angles with respect to the orthogonal axes x^, x^* and x^ . 

b. Design 

The computer program has a provision by which the length of one 

mooring part and the positioning of all the instruments can be designed 

to fit the given depths of top buoy and all the instruments. When this is 

the case, top buoy depth is fixed and hence the initial condition is known. 

The tension force T^ is calculated as in 'a' . 

3.1.3 Integration Procedure 

This section remains the same as in Part I. 

3.1.4 Iteration Procedure 

a. Analysis 

After having completed the integration procedure through all the 

mooring line segments, instruments and concentrated forces, the anchor 

is met. The depth of anchor will probably not agree with the actual 

depth as it depends on the estimate of the top buoy depth. Hence the 

estimate of the top buoy depth has to be modified to get a better value 

for the depth of anchor and this results in an iterative solution. 

At the end of the first computation (Integration Procedure) the depth 

error E, the difference in anchor depth reached and actual depth, is 

computed. If this error lies within acceptable error, which is an input, 

the problem is solved. If not E/o( is subtracted from the top buoy depth 
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and the integration is repeated. Here* is a constant which was taken 

as 1.1 in the program and can be varied. Thus the error in depth 

reached gets smaller. The iterations are repeated till a valid solution 

is obtained. The procedure is shown in Fig. 3a. 

b. Design 
The computer program has a provision to design a subsurface sys¬ 

tem by giving value to an index. NDES. which is an input. The value 

equals the number of the mooring part which has to be varied in length 

to get a valid solution with a fixed top buoy depth for given velocity 

profiles, i. e.. it may be required to keep the top buoy at a certain 

depth for a certain velocity field in three directions. Hence an esti¬ 

mated value for the slack length of the mooring part being designed is 

inputed. The iterations to reduce the depth error defined in the pre¬ 

vious section for analysis' is now done on this slack length instead of 

the top buoy depth which in this case is given. The factor oc is kept the 

same as 1. 1. H;nce the slack length is increased or decreased in 

successive iterations by the current value of F./* . 

While designing the system, the program can also calculate the 

slack length positioning of all the instruments to reach certain inputed 

va’ues of depths for the specified velocity fields. The inputed slack 

length positioning of instruments is oased on the estimated slack length 

of the mooring part being designed. The positioning is then changed 

during successive iterations as the slack length of mooring part 

changes. This iteration procedure is shown in Fig. 3b. 

3. 2 Control Parameters 

In the computer program, solution procedure is controlled by certain 

indexing procedures. These are described below. 

a. I idex: 

This variable takes values 2 and 3 and controls the iteration and 

printing procedures. An initial value of 2 is given to this variable 

when normal Integration and iterations are done. When Index - 3 a 

valid solution has been found and the system is being recomputed to 

print the required output. 
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b. L: 

This index controls the number of iterative cycles allowed for each 

solution. It is indexed one unit for each cycle and control is shifted 

to the next system if convergence is not achieved in the allowed number 

of cycles. This index is not allowed to exceed a value of ten. 

c. NPO; 

This variable is used to restrict detailed output printing for a speci¬ 

fied number of solutions for different velocity profiles in a buoy system. 

It has a value equal to the number of solutions for which detailed out¬ 

put is required. 1.1 is a dummy index for the inner control loop which 

is indexed one unit for '’ach complete solution. When I.J exceeds N1JQ, 

control is no longer shifted to Index 3 mode, which makes detailed 

output printing. These control parameters are shown in Fig. 4. 

4. ft Physical Parameters as Input Information 

4. 1 Top Buoy 

The subsurface nvoring system could have a buoy or other buoyant 

material at the uppermost point to hold the top end afloat. Hence the integration 

usually starts with a buoyant instrument at the top unless the first segment is 

buoyant. If a buoy is provided at the top its drag characteristics and buoyancy 

are inputed similar to the ones inputed for instrumentation along the line. The 

position and length of the buoy are zero. The drag characteristics can be inputed 

as forces acting on the buov which along with the buoyancy give rise to the tension 

vector in the first segment. 

4. 2 Instrumentation, Discrete Buoyancy and Concentrated Forces 

Instrumentation and discrete buoyancy can be inserted anywhere in the 

mooring system. These are considered as concentrated forces having a specified 

length. Other concentrated forces with zero length can also be specified. Cer¬ 

tain physical parameters like the position, length, components of force, drag 

constants and the name are to bejinputed for each, or a group of instruments, 
* 

discrete buoyancy or concentrated1,forces . The instrument or concentrated force 

position refers to its position in the mooring line based on slack lengths measured 

from the top of the system to its centreline. 
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In the case of instruments whose drag constants are not known but their 

hydrodynamic resistance is known this can be inputed as a concentrated force. 

The length, weight and drag of an instrument are integrated into the mooring line 

as a segment. No elongation is allowed in an instrument. lengths of chain could 

be considered as mooring parts or instruments at user's discretion. Various 

instruments, used commonly in present day oceanographic research, are listed 

with their characteristics in Fig. 8 of Fart I. 

4. 3 Elastic Response of Mooring Line Materials 

This section remains the same as in Part I. 

4. 3. 1 Loads Experienced by a Mooring 

In most cases a mooring line experiences the maximum loading during 

its launch. This launching load is usually equal to the net resultant of gravita¬ 

tional and hydrodynamic forces below any point, including the submerged weight 

of the anchor. For subsurface moorings this is usually the highest load they ever 

experience. This maximum load which a mooring line experiences during its 

previous life history is critical in determining its total elongation. The lai nch- 

ing transient peak load is an input to the computer program and is inputed for 

each mooring part. A typical mooring line, under tension, stretches by an 

amount which is partly elastic elongation and partly permanent or semipermanent 

set which in the case of steel wire mooring lines may be due to the wires and 

strands becoming more tightly interlocked. In the case of fibre ropes it is due to 

the unrecoverable stretch of the individual fibres and due to a tighter interlock of 

strands. This permanent set can be determined and depends on the maximum load 

a mooring line has experienced in its previous life history. 

4.3.2 Experimental Results for Fibre Ropes 

This section remains the same as in Part I. 

4. 4 Hydrodynamic Drrg Coefficients 

This section remains the same as in Part I. 

4. 5 Current Profile Formulation 

This section rc-mains the same as in Part I. 
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Computer 1‘rogrfrm Instructions and Details 5. n 

A main program with three subroutines constitute the complete solution 

program. The computer program has been described adequately by the help of 

comment statements placed in the program listing and by the variable definitions 

both of which are included in Appendix A. 

Any user wanting to use the computer program will have to provide 

the input data cards of his own, written as specified in section 5. 3. A sample 

input data set is provided as a reference. Seme instructions and details are 

given in this section to help the user understand the program more critically. 

The program is made adequately general to solve most of the mooring lines 

being used presently. 

Segmentation of the mooring line and start of the integration procedure 

wi re explained in Section 3. 1 under Program Logic. 

5. 1 Spécification of Top Buoy Depth 

During analysis an estimate has to be made of the approxir.iate depth 

the top buoy would be at the given velocity profiles. This estimate is inputed 

while reading in the instrument specifications, as the top buoy in a subsurface 

system is included in the number of instruments. The value goes into the same 

arrav; namely, 113(.1) which holds the values for required depths of instruments 

while in the designing mode. 113(1). which is the top buoy depth must be inputed 

both while analysis and design. While design its value is not changed but during 

analysis this value is the value taken for first iteration. 

5. 2 Positioning of Instrumentation 

For 'ertain experiments it is desirable to maintain instruments at a 

certain constant depth, or in a narrow range of depth, for most of the experiment. 

This is made possible in the program by inputing the desired depths of the instru¬ 

ments for a particular mean expected flow and the output of the program tells where 

to position the instruments in the mooring line to obtain those depths. While 

designing, input values for instrument positions are based on the estimate of 

their actual positions and the estimate of the slack length of the mooring part 

being varied in length in the subsequent iterations. Hence position of the instru¬ 

ments and the length of the mooring part being designed should be inputed as the 

estimated values. 
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5.3 Data Input Required by Computer Program 

The user must provide the input dati for the mooring systems he 

wishes to study. The instructions for writing the input data are similar to the 

ones described in Part I with minor modifications. Only the modifications will 

be detailed here. 

b. This card includes information about : 

(i) NDES - Mooring part number to be designed (zero for analysis) 

(ii) EH - Acceptable depth error 

(iii) Depth - Ocean depth 

in addition to what was contained in Part I. Format (1115, 2F8. 0) 

c. The additional information in these NI cards is: 

H3(J) - Desired design depth of J**1 instrument. If no particular 

depth required, enter zero. 

For analysis; H3(l) equals expected depth of top buoy. 

Format (8F8.0|A8) 

d. This card is not required for subsurface mooring systems. 

5- 4 Computer Program Capabilities and Limitations 

The computer program was written to be a very general program which 

could be used effectively for any sensitivity analysis. It can design and/or 

analyze any number of mooring configurations in one computer run. Elongation 

is permitted in all components of the mooring line except the instx aments. The 

mooring configuration can consist of any number of instruments and concentrated 

forces and be made of any number of mooring materials. Stress-strain charac¬ 

teristics of plaited nylon, single braided nylon, and braided dacron have been 

presented in this report. Instruments and concentrated forces can be located 

anywhere along the mooring line including next to the top buoy and the anchor. 

Chain may be considered as a mooring part or an instrument. The program 

prints out, when designing, where to place the various instruments in slack 

length positions, to acquire a certain depth for the given design velocity profiles. 

Results can be plotted by the computer, if desired. The plots will give mooring 

configurations with velocity profiles used. Six types of velocity profiles are in¬ 

cluded in the computer program which can be invoked by their respective numbers. 
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Some of the principle outputs other than the plots are: 

1. Maximum .ension and safety factor for each mooring part. 

2. Maximum elongations in each mooring part as percentage of 

slack length or 200D^ length. 

3. Position of the top buoy with respect to the anchor. 

4. If required, the segment number, stretched length, coordinates of 

end point, tension, inclination, speed values in x^ and x9 directions 

and mooring part number can be printed out at each segment in¬ 

cluding the instruments. This allows a graphic presentation of 

mooring configuration. 

The solution is a purely steady-state solution making no allowance for 

dynamic effects. 

6. 0 Case Study 

Case study of a subsurface mooring line which was actually deployed 

is presented here to illustrate the use of the computer program and the type of 

results obtained. The system is highly instrumented and motion of one point on 

this mooring line was acoustically tracked by four bottom transponders. Results 

of that Mooring Motion Experiment are to be presented in Reference 3. The 

results of computer program presented in this Part are compared to experimental 

data in Reference 3. Fig. 5 shows the mooring system being studied and input 

data is shown in Fig. 6. Results for designing the system are shown in Fig. 7, 

while results of analysis are shown in Fig. 8. Detailed results for other runs 

are shown in graphical form in Figs. 9 through 14. 

7.0 References 

This section remains the same as in Part 1. 
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Figure 1. Typical W.H.O.I. Intermediate •looring 

(From Reference 2) 
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BUOYANCY OF BUOY, Bg 

► DRAG ON BUOY, 15^ 

^ WEIGHT OF BUOY, Fg 

^LINE TENSION,-^ 

Figure 2. Forces on d Subsurface Buoy 
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Figure 4. CONTROL PARAMETERS 
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Figure 5. Case Study - Subsurface Buoy System 
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Figure 6. Input Data - Subsurface Buoy System (Analysis) 
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OCEANOORAPHIC BUOY SYSTEM-SUBSURFACE 
RUN NUMBER 1 

INPUT! OCEAN nFPTM«5l*50.n METERS 
VF 1.. PROFILE INFO: 
Dl EEC. PROF. NO. DEPTIIS/VELS. OR TOP VEL.*i3 CONSTANTS 

1 1 490.5 0.0 10P8.0 0.0 1515.5 0.0 2474.0 0.0 3478.0 0.0 
2 1 490.5 0.0 1008.0 0.0 1515.5 0.0 2474.0 0.0 3478.0 0.0 
3 1 490.5 0.0 1008.0 0.0 1515.5 0.0 2474.0 0.0 3478.0 0.0 

----HOOP INC. PARTS DATA- 
NO, TYPE LAIU'CM TRAN PEAK DRAC COFFFS. SLACK LFN. 

LOAF OR F.MODUL. NORM. TANG. (MFTFRS) 
DIAMETER R.B.S. WFIG"T 
(INCHES) (LBS) (LDS/M) 

1 3/16WIRE 
2 3/ifiuirr 
3 3/lfiWIRF 
4 3/8 DAC 
5 3/8 DAC. 
G 3/8 DAC. 
7 3/8 DAC. 
8 1/2 DAC 
9 3/4 NYL 

10 3/4 NYL 

10000^00.9 
10000000.0 
loooonon.n 

1145.0 
1455,0 
1720.n 
1870.0 
2535.0 
2735.0 
2640.0 

1.400 0.028 498.00 
1.400 0.028 409.00 
1.400 0.028 499.00 
1.400 0.028 427.00 
1.400 0.028 944.00 
1.400 0.028 563.00 
1.400 0.028 1200.00 
1.400 0.028 10.00 
1.400 0.O28 31.00 
1.400 0.028 21.00 

0.250 4000.0 0.154 
0.259 4000.0 0.154 
0.250 4000.0 0.154 
O.375 5000.0 0.037 
0.375 5000.0 0.037 
0.375 5000.0 O.037 
0.375 5000.0 0.037 
O.5OO 14000." 0.067 
0.750 14200.0 0.046 
0.750 1A2"0.0 0.040 

OUTPUT: DESIGN FDR MOORING PART NO. 7 

ITERATION PROCEDURE 

PART LENGTH DCPTU REACHED DEPTH ERROR COMMENTS 

1200.00 5445.92 
1211.89 5458.50 

13.0820 TRIAL RUN 
0.5039 CONVERGENT RUN 

RESULTS: BUOY XEXCURSION- 0.00 METERS BUOY YEXCURSION- 0,00 METER'- 

EADY 

NO. TYPE 

1 3/16WIRE 
2 3/16WIRE 
3 3/16WIRE 
4 3/8 DAC 
5 3/8 DAC. 
F. 3/8. DAC. 
7 3/8 DAC. 
8 1/2 DAC 
9 3/4 NYL 

10 3/4 NYL 

•—MOORING PARTS DATA 
MAXIMUM TENSION 

(LBS) 
615.50 
715.11 
767.96 
691.11 
739.1^ 
772,70 
751.59 
674.14 

1278.47 
1277.06 

SAFTEY FACTOR 

6.50 
5.59 
5.21 
7.25 
f.7' 
6.47 
6.65 

20.77 
11.11 
11.12 

MAXIMUM ELONGATION 
(5 200 D SQ.) 

0.002 
0,002 
0.003 
4.842 
r» ! Z 
5 ! 868 
5.031 
4.633 

13,648 
13.224 

Figure 7. Detailed Output (Design) 
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rooar'r roNFiniiRMiori 

r.Er. f,o. 
TOP Bt'OY 
T"F l"RT. 
VACM TAD 
T"F I *lriT. 

1 
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it 
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''Arífirns 
T’T ITT. 

ft 
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0 

If) 
y T ,■ rr.s 
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in 
15 

TAP INTL 
T'T ir'5T. 
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20 
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21 
2? 
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27 
28 
20 
30 
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TME IMST 
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32 
33 
34 
35 
36 

INClIflOM 
T"F. INST 

37 
38 
30 
40 

STr.LFN. 
0.0 

SHOULD 
30.00 

SHODlD 
120.80 
22°.60 
3^0.30 
420.1" 
578.06 
535 .°r. 
SHOI'LD 
6,3 6..00 
736.03 
836.05 
036.07 

1036.00 
ir- ;. 

r."(UH I) 
1143.14 
1243.10 
1343.23 
1443.27 
1543.30 
1547.30 
should 

1636.83 
17^6.36 
1015.88 
1005.40 
1004.01 
2001.91 

SH6IULP 
2101.4" 
2701.06 
-> t 0 0 r 1 
2400ji" 
2400.73 
2500.27 
2(08.80 
7708.33 
28.07.8 5 
2097.37 
3009.37 

, SHOULD 
3108.71 
3208.04 
3307.37 
3406.60 
3506.00 
3605.30 
3606.30 

. SHOULD 
3705.06 
3803.80 
3902.54 
4001.27 

XFXCUP. YFXCUR. DEPTH TFfJSlOf! XAUC YANC, XVFL. YVFL. 
0.0 0.0 470.50 43.50 1.57 1.57 0.0 0.0 

R" PIACFD AT 0.0 SLACK LFN. TO OPTAIfl DEPTH OF 
00 500.50 615.50 1.57 1.57 0.0 0.0 

15.0 r. SLACK LFm. TO ORTA If DEPT" OE 
6,00.30 600.16 1.57 1.57 0.0 0.0 
700.10 584.07 1.57 1.57 O.o 0.0 

560.48 1.57 1.57 
554.15 1.57 1.57 
538.81 I.57 1.r 7 
715.81 1.57 

O.O" 0 
OF PLACED AT 

n.nn 
0.00 
0.00 
o *0 
n!no 
O.oo 

0.00 
0.00 

on 
"0 

0.0" 

700.80 
800.68 
000.46 

0.00 1006.46 1.57 

0.0 
0.0 
0.0 
0." 

0.0 
0.0 
0.0 
0.0 

66 PLACED AT 528.5 f*. SLACK LHi. TO ORTA IM DEPT" OE 
0. "0 
0.00 
0.00 
0.01 
0.00 

O.OO 1106..50 
O.OO 1706.53 
0.00 1306.55 
0.00 1406.57 
0.00 1506.511 

' 15‘ 

1.57 
1.57 
1.57 

0." 
0.0 
0." 
0." 
0." 
II. * 

nr PLAmi n 1027.4 n. slack le» . m driaiîj depT" of 

7n0,1,1: 1.57 
685.07 1. r 7 
66o.7»i 1.57 
654.33 1.57 1.57 

1.57 
1.:: 

G3". or 1, 

0.00 0.00 1613.64 
0.00 0.00 1713.60 
0.00 0.0" 1813.73 
0."0 0,-)0 1013.77 
0.00 0.00 2013.80 
0.00 0.00 2017.80 

757.50 1.57 1.57 
737.27 1.57 1.57 
771.85 1.57 1.57 
706.47 1.57 1.57 
601.13 1.57 1.57 
626.11 1.57 1.57 

0.0 
0.0 
0.0 
O.O 
0.0 
0.0 

0.0 
0." 
0.0 
0.0 
0.0 
0.0 

RE PLACEí» AT 15^6.2 M. SLACK LE!. TO ORTAI»! DEPT'» OF 
0.00 0.00 2107.33 
0.0" 0.00 2106.86 
0."0 O.no 2286.35 
0.00 0.00 2375.90 
0.00 0.00 2465.41 
0.00 O.OO 2472.41 

622."! 1.57 1.57 
610.71 1.5,7 1.57 
616.51 1.57 1.57 
613.30 1,57 1.57 
610.10 1.57 1.57 
730.10 1.57 1.57 

0.0 
0.0 
0.0 
0.0 
O." 
0.0 

0.7 
0.0 
0.0 
0.0 
0.0 
0.0 

BF PLACED AT 2001,.? M. SLACK LEM. TO 6) DTA IM OTT" PE 
O.OO 0.00 2571.00 
0.00 0.00 2671.56 
0.00 0.00 2771.12 
0."0 0.00 2870,68 
0.00 0.00 2070.23 
0.00 0.00 3069.77 
0.00 0.00 3169.30 
0.00 0.00 3268.83 
0.00 0.00 3368.35 
0.00 O.oo 3467.87 
0.00 0.00 3479.87 

735.56 1.57 1.57 0.0 
732."2 1.57 1.57 O.P 
728.4" 1.57 1.57 0.0 
724.94 1.57 1.57 O.o 
721.40 1.5- 1.57 0.0 
717.86 1.57 1.57 0." 
714.32 1.57 1.57 O.o 
710.78 1.5- 1.r 7 O.o 
707.24 1.57 1.57 0.0 
703.70 1.57 1.57 0.0 
772.70 US’ 1.57 0.0 

0.0 
0.0 
O.P 
0.0 
0.0 
O.P 
O.P 
0.0 

BE PLACED AT 2052.8 11. SLACK LFN. TO ORTA III DEPT" OF 
0.00 
0.00 
0.00 
0."0 
0.00 
0.00 
0.00 

0.00 3579.21 
0.00 3678.54 
0.00 3777.87 
0.00 3877.18 
0.00 3976.50 
0,00 4075.80 
0.00 4076.80 

769.18, 1.57 1.57 0.0 0.0 
765.66 1.57 1.57 O.p 0.0 
762.14 1.57 1.57 0.0 0.0 
758..C2 1.57 1.57 0.0 0." 
755.11 1.57 1.57 0.0 0.0 
751.59 1.57 1.57 O.P 0.0 
719.59 1.57 1.57 0.0 0.0 

BE PLACED AT 3519.9 M. SLACK LEM. TO OBTAIN DEPTH OF 
0.00 0.00 4175.55 716.09 1.57 1.57 0.0 0.0 
0.00 0.00 4274.30 712.59 1.57 1.57 0.0 0.0 
0.00 0.00 4373.04 709.10 1.57 1.57 0.0 0.0 
0.00 0.00 4471.77 705.60 1.57 1.57 O.P 0.0 

Figure 7. Detailed Output (Design) 
(Cont. ) 

M.P. NO. 
TCP RLOY 
470.5 11. 
VACM TAD 
405.5 M. 

1 
1 
1 
1 
1 

VACMAOP.S 
1nOO.0 M. 

2 
2 
•» 

V/ "I 
1500.0 II. 

3 
3 
3 
3 
3 

TAD INCL 
2POO.O I',. 

4 
4 
4 
4 
4 

VACMARPS 
2500.0 M. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

VA"*1. TAD 
3509.P M. 

r. 
6 
6 
6 
6 
6 

INCLINOU 
4100.0 M. 

7 
7 
7 
7 
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41 
4? 
43 
44 
45 
4P 
47 
48 
40 

50 
T.'.n OBS 
THF IHST, 
TCO RFir, 
THF I ’IST. 

51 
AOO RFLP> 
THF INST. 

52 
.5 CHAIN 
THF INST. 

\0Y 

4100.00 
4108.71 
4207.4? 
4306.13 
4404,8? 
4503.51 
4602.20 
4700.87 
4880.54 
4000.00 
4016.00 
SHOtILD 

4024.00 
SHOULD 
4950.23 
4061.23 
SHOULD 
4985.00 
4988.00 
SHOULD 

0.00 
0.00 
0.00 
O.nO 
0.00 
o.nn 
0.00 
0.00 
0.00 
0.00 
0.00 

BF PLACFD 
0.00 

BF PLACFD 
0.00 
0.00 

RF PLACED 
0.90 
0.00 

BF PLACED 

0.00 4570. 
0.00 4669. 
0.0" 4767. 
0."0 4866, 
0.00 4965. 
0.00 5064. 
0.0O 5162. 
0.00 5261. 
0.00 5360. 
0.00 5370. 
0.00 5386. 

AT 4719.7 M 
0.00 5394. 

AT 4742.3 M 
0.00 542". 
0.00 5431. 

AT 4777.0 M 
0.03 5455. 
0.00 5458. 

AT 4799.8 M 

49 702 
20 698 
91 605 
62 691 
31 638 
00 684 
69 681 
36 677 
03 674 
49 673 
49 1122 
. SLACK 
49 1278 
. SLACK 
7? 1277 
7? 1178 

SLACK 
50 1177 
50 1147 

SLACK 

.11 1.57 

.61 1.57 

.12 1.57 

.6? 1.57 

.1? 1.57 

.63 1.57 

.13 1.57 

.64 1.57 

.14 1.57 

.47 1.57 

.47 1.57 
LFN. TO 
.47 1.57 
LEM. TO 

.06 1.57 

.06 1.57 
LEM. TO 

.10 1.57 

.10 1.57 
LEM. TO 

1.57 
1.57 
1.57 
1.57 
1.57 
1.e 7 
1.57 
1.57 
1.57 
1.57 
1.57 
OBTAIN 
1.57 0 
OBTAIN 
1.57 0 
1.57 0 
OBTAIN 
¿.57 0 
1.57 0 
OBTAIN 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

0.0 
o.o 
0.0 
o.o 
0.0 
o.o 
0.0 
0.0 
O.o 
0.0 
0.0 

DFPTH OF 
.0 O.C 
DFPTH OF 
.0 0.0 
.0 o.o 
DFPTH OF 
.0 0.0 
.0 0.0 
DEPTH OF 

7 
7 
7 
7 
7 
7 
7 
7 
7 
8 

TÃO OBS 
5370.0 M. 
ACO PELS 

5393.0 M. 
9 

ACO RELS 
5432.0 H. 

10 
.5 CHAIM 

5457.5 M. 

Figur» 7. Detailed Output (Design) 
(Cont. ) 
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OCEANOGRAPHIC BUOY SYSTEM-SUBSURFACE 
RUN NUMBER 1 

INPUT: OCEAN CEPTH-5459.0 METERS 
VEL. PROFILE INFO: 
OIREC. PROF. NO. OEPTHS/VELS. OP TUP VEL.&3CQNSTANTS 

1 1 490.5 28.28 1008.C -21.91 1515.5 -16.95 2474.0 
2 1 490.5 28.28 1008.0 -21.91 1515.5 -16.95 2474.0 
3 1 490.5 0.0 1008.0 0.0 1515.5 0.0 2474.0 

27.35 3478.0 49.58 
13.67 3478.0 24.79 
0.0 3478.0 0.0 

-MOORING PARTS DATA- 
NC. TYPE LAUNCH TRAN PEAK CRAG CUEFFS. SLACK LEN. DIAMETER R.8.S. WEIGHT 

LOAD OR E.MODUL. NCRM. TANG. (METERS) (INCHES) (LBS) (LBS/M) 

1 3/16WIRE 
2 3/16WIRE 
3 3/16WIRE 
4 3/6 OAC 
5 3/8 OAC. 
6 3/8 OAC. 
7 3/8 OAC. 
8 1/2 CAC 
93/4 NVL 

10 3/4 NYL 

10000000.0 
10000000.0 
10000000.0 

1145.0 
1455.0 
1720.0 
1870.0 
2535.0 
2735.0 
2640.0 

1.400 0.028 498.00 
1.400 0.028 499.00 
1.400 0.026 499.00 
1.400 0.028 427.00 
1.400 0.026 944.00 
1.400 0.028 563.00 
1.400 0.028 1212.00 
1.400 0.026 10.00 
1.400 0.028 31.00 
1.400 0.028 21.00 

0.259 4000.0 0.154 
0.259 4000.0 0.154 
0.259 4000.0 0.154 
0.375 5000.0 0.037 
0.375 5000.0 0.037 
0.375 5000.0 0.037 
0.375 5000.0 0.037 
0.500 14000.0 0.067 
0.750 14200.0 0.046 
0.750 14200.0 0.046 

ANALYSTS 

ITERATION PRUCEOURE 

OUTPUT: 

BUOY DEPTH 

470.50 
978.80 
957.43 
960.30 

DEPTH REACHED 

4899.87 
5482.51 
5455.84 
5459.39 

DEPTH ERROR 

559.1289 
-23.5076 

3.1602 
-0.3667 

COMMENTS 

TRIAL RUN 
TRIAL RUN 
TRIAL RUN 

CONVERGENT RUN 

RESULTS: BUOY XEXCURSION« 1235.15 METERS BUOY VEXCURSION« 392.98 METERS 

9 
10 

TYPE 

3/16WIRE 
3/16WI RE 
3/16WIRE 
3/8 OAC 
3/8 OAC. 
3/8 OAC. 
i/8 OAC. 
1/2 OAC 
3/4 NYL 
3/4 N/L 

-MUUR1NG PARTS DATA— 
MAXIMUM TENSION 

(LBS) 
615.84 
714.84 
766.49 
690.26 
739.56 
766.83 
749.77 
690.76 

1203.96 
1202.66 

SAFTEV FACTOR 

6.50 
5.60 
5.22 
7.24 
6.76 
6.52 
6.67 

20.27 
11.79 
11.81 

maximum elongation 
(t 200 o so.) 

0.002 
0.002 
0.003 
4.841 
5.484 
5.856 
5.941 
4.657 

13.443 
13.036 

MOORING CONFIGURATION 

SEG. NO. STR.LEN. 
TOP BUOY 0.0 
VACM TED 30.00 

1 129.80 
2 229.60 
1 379.79 

XEXCUR. 
0.0 

-0.55 
-5.26 

-11.22 
-1 A.78 

VEXCUR. DEPTH 
0.0 960.30 

-0.55 990.29 
-5.26 1089.87 

-11.22 1189.31 
-1R.7R I78A.59 

TENSION XANG 
43.51 1.59 

615.84 1.62 
600.54 1.63 
585.25 1.64 
970.00 1.69 

VANG XVEL. VVEL. 
1.59-17.28-17.28 
1.62- 18.74-18.74 
1.63- 21.60-21.60 
1.64- 20.62-20.62 
1.65- 19.6S-19.6S 

M.P. NO. 
TUP BUOY 
VACM TED 

1 
1 
1 

Figure 8. Detailed Output (Analysis) 



4 
5 

VACMCGBS 
6 
7 
8 
9 

10 
VACMtGBS 

11 
12 
13 
14 
15 

UD.INCl 
16 
17 
18 
19 
20 

VACMCGBS 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

VACM ICO 
31 
32 
33 
34 
35 
36 

I6CIIN0M 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

TCO GBS 
ACO ms 

51 
ACO BELS 

52 
.5 CHAIN 

429.18 
528.96 
535.96 
636.00 
724.03 
836.05 
936.07 

1036.09 
1043.09 
1143.14 
1243.19 
1343.23 
1443.26 
1543.30 
1547.30 
1636.83 
1726.36 
1815.88 
1905.40 
1994.91 
2001.91 
2101.49 
2201.06 
2300.62 
2400.18 
2499.73 
2599.27 
2698.81 
2798.34 
2897.86 
2997.38 
3009.38 
3108.71 
3208.03 
3307.35 
3406.66 
3505.97 
3605.27 
3606.27 
3705.04 
3803.80 
3902.56 
4001.32 
4100.07 
4198.81 
4297.55 
4396.28 
4495.01 
4593.73 
4692.45 
4791.16 
4889.87 
4900.34 
4916.34 
4924.34 
4959.50 
4961.50 
4985.23 
4988.23 

-26.69 
-36.13 
-36.87 
-45.57 
-54.96 
-64.83 
-75.04 
-85.50 
-86.25 
-95.11 

-104.07 
-113.00 
-121.69 
-129.85 
-130.14 
-136.95 
-142.04 
-145.11 
-145.87 
-143.99 
-143.61 
-136.55 
-126.06 
-111.75 
-93.26 
-70.23 
-42.36 
-9.52 
27.61 
68.43 

112.43 
118.07 
163.07 
210.25 
259.32 
310.03 
362.14 
415.48 
416.03 
472.12 
529.11 
586.89 
645.34 
704.40 
763.97 
824.01 
884.45 
945.24 

1006.36 
1067.76 
1129.42 
1191.33 
1197.92 
1208.00 
1211.27 
1223.98 
1224.70 
1233.98 
1235.15 

-26.69 
-36.13 
-36.87 
-45.57 
-54.97 
-64.90 
-75.23 
-85.86 
-86.63 
-95.73 

-105.02 
-114.44 
-123.89 
-133.23 
-133.59 
-142.33 
-150.25 
-157.20 
-163.03 
-167.57 
-167.81 
-169.33 
-169.15 
-167.06 
-162.85 
-156.35 
-147.37 
-135.82 
-122.04 
-106.34 
-88.96 
-86.70 
-68.32 
-48.80 
-28.29 
-6.92 
15.18 
37.92 
38.15 
62.19 
86.67 

111.51 
136.83 
162.38 
188.20 
214.24 
240.49 
266.90 
293.47 
320.17 
346.99 
373.91 
376.78 
381.16 
382.59 
388.11 
388.43 
392.47 
392.98 

1387.68 
1486.56 
1493.49 
1592.76 
1691.91 
1790.95 
1889.91 
1988.80 
1995. 72 
2094.96 
2194.17 
2293.37 
2392.58 
2491.84 
2495.81 
2584.66 
2673.70 
2762.91 
2852.26 
2941.69 
2948.69 
3048.00 
3147.05 
3245.60 
3343.38 
3440.06 
3535.2 7 
3628.59 
3719.97 
3809.45 
3897.09 
3907.45 
3994.07 
4079.27 
4163.15 
4245.84 
4327.44 
4408.07 
4408.87 
4486.53 
4563.39 
4639. 52 
4715.00 
4789.91 
4864.31 
4938.25 
5011.79 
5084.96 
5157.81 
52 30 . 36 
5302. 64 
5374.66 
5382.27 
5393.89 
5401.05 
5433.37 
5435.21 
5456.68 
5459.39 

554.77 
539.57 
714.84 
699.59 
684.36 
669.14 
653.94 
638.74 
766.49 
751.24 
736.00 
720.76 
705.51 
690.26 
625.73 
622.55 
619.36 
616.17 
612.97 
609.77 
739.56 
736.03 
732.51 
729.02 
725.57 
722.18 
718.87 
715.65 
712.52 
709.46 
706.48 
766.83 
763.89 
760.99 
758.14 
755.32 
752.54 
749.77 
724.47 
721.81 
719.17 
716.55 
713.93 
711.33 
708.73 
706.15 
703.57 
700.99 
698.42 
695.86 
693.31 
690.76 
690.27 

1062.35 
1203.96 
1202.66 
1112.36 
1111.50 
1084.44 

1.67 
1.68 
1.66 
1.66 
1.67 
1.67 
1.68 
1.68 
1.66 
1.66 
1.66 
1.66 
1.65 
1.64 
1.65 
1.63 
1.61 
1.58 
1.55 
1.52 
1.50 
1.47 
1.43 
1.38 
1.34 
1.29 
1.23 
1.19 
1.15 
1.11 
1.08 
1.10 
1.08 
1.05 
1.03 
1.02 
1.00 
0.99 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.91 
0.90 
0.90 
0.90 
0. 89 
0. 89 
0.89 
1.15 
1.20 
1.20 
1.17 
1.17 
1.16 

1.67 
1.68 
1.66 
1.66 
1.67 
1.67 
1.68 
1.68 
1.66 
1.66 
1.67 
1.67 
1.66 
1.66 
1.67 
1.66 
1.65 
1 .64 
1.62 
1.61 
1.59 
1.57 
1.55 
1.53 
1.51 
1.48 
1.45 
1.43 
1.41 
1.40 
1.38 
1.38 
1.37 
1.36 
1.35 
1.35 
1.34 
1.33 
1.33 
1.32 
1.32 
1.31 
1.31 
1.31 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.29 
1.29 
1.29 
1.39 
1.41 
1.41 
1.40 
1.40 
1.40 

-16.68 
-17.72 
-17.20 
-15.67 
-11.09 
-6.51 
-1.93 
2.64 
5.09 
7.54 

12.12 
16.71 
21.29 
25.88 
27.79 
28.82 
30.79 
32.76 
34.74 
36.72 
37.78 
38.96 
41.16 
43.34 
45.52 
47.67 
49.34 
46.98 
44.67 
42.40 
40.19 
3C.9C 
37.75 
35.60 
33.48 
31.40 
29.34 
27.31 
26.29 
25.31 
23.38 
21.46 
19.57 
17.68 
15.81 
13.96 
12.11 
10.28 
8.45 
6.63 
4.82 
3.01 
2.02 
1.76 
1.54 
1.05 
0.62 
0.33 
0.02 

18.68 
17.72 
17.20 
16.07 

-12.90 
-9.73 
-6.57 
-3.41 
-1.72 
-0.02 
3.15 
6.32 
9.48 

12.65 
13.89 
14.40 
15.39 
16.38 
17.36 
18.35 
18.89 
19.48 
20.58 
21.67 
22.76 
23.83 
24.67 
23.49 
22.33 
21.20 
20.09 
19.48 
16.87 
17.80 
16.74 
15.70 
14.67 
13.66 
13.15 
12.66 
11.69 
10.73 
9.78 
8.84 
7.91 
6.98 
6. 06 
5.14 
4.22 
3.32 
2.41 
1.51 
1.01 
0.89 
0.77 
0.52 
0.31 
0.16 
0.01 

1 
1 

VACMCGBS 

2 
2 
2 
2 

VACMCGBS 
3 
3 
3 
3 
3 

TCO INCL 
4 
4 
4 
4 
4 

VACMCGBS 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

VACM TCO 
6 
6 
6 
6 
6 
6 

INC LINUM 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 

TCD GBS 
ACQ RELS 

9 
ACO RELS 

10 
.5 CHAIN 

Figure 8. Detailed Output (Analysis) 
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-PROFILE NO. 6 

-PROFILE NO. I 

-PROFILE NO. 2 

Figuro 11. Mooring Configuration in x-y plane - low velocity 
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- PROFILE NO. 6 

-PROFILE NO. I 

-PROFILE NO. 2 

Figure 14. Mooring configuration in x-y plane - high velocity 
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APPENDIX A 

Variable Definitions and Program Listing 

Only those variables which were not defined in Part I will be outlined. 

HI 

H3(J) 

H4 

NDES 

53 

54 

- Estimated depth of top buoy. 

- Design depth of J**1 instrument or estimated depth of 

top buoy. 

- Discrepancy in depth inputed and depth desired of an 

instrument. 

- Mooring part number, being designed. 

- Total slack length from top buoy to mooring part 

being designed. 

- Slack length position (designed) of an instrument. 



r*****rrnpirTr nporp'r MPTr'r ro" ^r'PT,,/'• rn.r rrj.1 
r***#* pr’n''P/',,1 pr'TI'T” p'IMr |'•i'"'T | om np | VT^ÜÎ'ÜDI ^Tr "OPPI" 

rrr\_*F T'"’f(r5)/MP7-(in) 

1(-5),: I.' 1.(1.o/iLKlO), (10),07-(10),--^-(10))1^1 (10),0.-1 
1(1-), o^ 0(10), PP 1(10), POJOO),»'**, (10),0 ^(10),-7^10,071^(10),7-0^(10 
1),57-: 0-(10),0-(10),0-(3)/1-(3) 
00”''O- 0(3,25),Pl.T(3,25),’'(3,10),-1(75),0017(23),0( 17(25),-3(25),A 

1 .(1. ),::a )),-0(3),-0(3),-^::(3),00-.-(3) /^3),5(3),---(3),0-.(3),5 
1:(3),00(3),1-:(3),07(3), J, I flp--',-0-5,!-— ',—Tp*, 1,-2,-.,7,-2 

1-1 rOHr'A7( 1115,2FC . 0 ) 
10 2 000177().01:.0,/8) 
103 ron /,7(701°.-) 
lO'i roKru(5rio.o,/r) 
1 f 3 rpf,l /7( I’H, 05., 1 OO-APCOp/.ni;| p ni.lOY --37-1-c.r"—OF *0-'/1 • 5,17:-1 ’T“" 

1--^1 3//155., ' 1.1007: Oop/:' 00-7:^' , Ff.. 1, ' --7-5 ' / 5”, ' V'rl . 00^011- 
2 i:Tr : V5X,'01 OFO. POOF, -0. DFP7MF/VFL-. O' 7f P VFL. " 3CP"07A’:7-1 ) 

lof. For'77(/5x,'.::: :-.1-0 p/pt- 7-7^. 
X-Vs/,'MO. 7YP- l./O'T" 70*" °n/1". --0 O' OFF- 
1. si.AC»: l.c:¡. DI/I’F7EP n.3.::. ,.!0|0M7,/1EX, * LC/O -- !!.,”.PPn.. J.'FO**. 
1 7/:-. (777-05) (I-0MF5) (1.03) (1.05/:.)'/) 

107 F0r.MA7( I10,3X,5F£. :,2Fr.2,2F6.2, 13) 
IPS F0R:77(14X,F12.2,ri4.2,F15.4,' CPT/FP-r’T -l!"') 
100 FPnf/7(i4x,ri2.2,Fi4.2,ri5.4,' 7o i ai. ru::') 
110 FOnr/7 (155,l2,2X,/C,F11.2,FlG.2,riG.3) 
111 7007/7(//55, ^:-57175: 0."0V 5-5770-If'”«', FF . ' ”-7--- r.MC*' T'T 

ii’rsip'!«',rr..2,' PF7Fns,//i55,'.:100-1-- :Vr 
275 C/TA--’ / 15v, ' —.. 7Yrr 11/517-:: 70701 o- -/ 
3F7FY FA070P. 7/.wr*''r -1.0-0./710"' / 335, ' (1.-- ) ', 25'', ' ('; 200 P 5-.)'1 

112 770-/.7 ( // 15X, 10I'7PU7 : ',5X, ' *'71.YO 10 V/35X, ' I7-''*7|0" p----non-'//1 
1-5 'Ol'OY 77077 nrP7” PrA0"-P 0-07'' -r,''.;)0 70----7-//) 

115 P0--,»7 (15) 
11( roo-/.7(//15X,,Ol'7PlJ7:,,5X,'r--|-r’ FOP. CPP01 -- n»o- "f , ',13, //335, ' 

11770/7107 Pr.OCFOl.-r'//irX, '''/-J LF’'07" 07P7M O-AP"-- rrn7- 'TOP- 
2 rOMMF‘!7S'/ ) 

113 7007/7(G5,12,5X,11,5(77,1,77.2)) 
11F 0--177(17,15,AF,713,1,70.3,77,3,70.2,70.3,710.1,77.3) 
117 7PRf7.7(//35X, '7001! 170 C0M7 I 0:)1/710'1' / /5X, ' 57-. -. 577.1--. 5-71- 

i. YFxnT.. n7P7'i 77-510- ya::o yai'p. ::vfl. y-fi . :-.p. -0.') 
118 707.-/.7 (6X, 12,4X, I2,7X,4F10,2) 

p*****-Fr 17170 07 7"7 :7 17 7-0--/.7 
07/.0(5,113)75Y 

p*****LOCP 000 DI 77 700-7 5Y57HlS(M00PI"fi COYF101-'710-5) ' 
DO 28 IK*1,M3Y 
P.7A0(5,101)M|,MP,N3,t:no5, jnAX,f.'PO,(*IVr( I ), 1-1,3), I!’!*, 1701,70,0-07- 
ifchi,Ea.o)co 70 1 

C*****R7/.n Ir 7ME I t:S7Rnr.F?J7( C0I1CFM7P.A7E0 700CFÎ 5PE0 I 71 0/ 71 o::3********* 
READ(5,102)(71 ( J), SI ( J ) ,F (1, J), F (2 , J), 7 (3, J) , CO I *!(.)), CD I T( J)/13( J) 

1,7YPE(J),J-1,NI) 
p*****RFAn I- 7"E P/nAf:E7EP.S FOR 01 FFFRFf!7 MOOP.IfT. p/^pjs***.************ 

1 READ (5,104) (DIAL (I ),SLL(I),'.")L(I ),RCSL( I ), 7PL( I ) ,7.-00 ( I ), l-l/'O) 
RF/0(5,103)(001( I ),P01(I ),C02( l),P02( 1),/.0(1 ),C0-( 1),0-7(1 ), l=l/T 

1) 

Reproduced Iron» 
best »vlleble COPY 
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r*****LOOP FOP DfFFFPFMT !flPUTE0 VELOPITY PROFILES********************** 
DO 28 U*l#jnAX 
PO 2 J*l,3 
IF(MVP(J).rT.2)nO TO 2 
0^0(5,1^3)(0(1),1-1,1100 
ro TO 3 

: rof'TiMUE 
3 DO 4 .1-1,3 

ir(M’'P(j).Lr.2)nrAD(5,io3)(v(j, i ), i-i, ikk) 
V(J,IKK*1)-0. 

4 I r (NVP(.I). OT. 2)P.FAD(5, n3)V(.),1 ),HO(J), 00-/(.1),0005(.1) 
0(IKK*l)-0rPTM 
■ /niTE(6,105) IJ, DEPTH 
TO 5 1-1,3 
IF(HVP(I).IE.2)*/RITE(6,115) l,MVP(l),(D(J),V(l,J),d-l,im 

5 I F(MVP( I ) ,CT, 2)WRITE(C, 118) I,HVP( I ), V( 1,1),110( I ), PPW(I ),COPS( I ) 
IFO J.En.l)'/P.ITE(6,106) 
I F( I J. En«,l )MP I TE(G,11G) ( I ,MOOR( I ),TPL( I ), 001:( I ), ODT( l),SLL(l),DIAL 

1(1),RPSK 1),1/-./1(1),1-1,)10) 
I FO-DES,EQ.0)'./RITE(6,112) 
ir(f)DEr..r.T.0)URITE(6,114)riDES 
TTTrA-0.0 
"1-"3(1) 
I!DEX-2 
L-0 

XPK1) -0. 
YPL(1)«0. 

r*****5rnir).'TATir- of p-f /-oori-io, noon n¡ mots seo/ie/its***************** 
G SLT-0.0 

t!PTS-l 
nr ? i-i,rp 
TMAX(I )-0.n 

7 SLT«SLT+SLL(I ) 
PO 8 1-1,f!P 
*r(l )-(SLL( I )/SLT)*-|S*0.5 
ir('-M(l).EO.0))//1(1 )-1 
SL(I)-SLL(I)/MM(I ) 
5--(1)--./1-1.(1)-51 (I) 
ODIA(I )-51( I)*(niAL(I)**2) 

8 HPTS-f/PTS*f!M( I) 
r*****OHAHCI)/r P051 TlOf! OF IflSTRUMEf/TS IF SYSTEM P.EI'IO DES IONED********* 

S3-0.0 
rmi-'iPES-i 
DO 9 11-1,)1)11 

9 S3-S3*SLL(IL) 
DO 11 JL-1,IJ| 
S3-S3*SI(JL) 
IF(PI(JL)-S3)11,U,10 

10 PI(JL)-PI(JL)+E/1.1 
11 COf/TIIIUE 



•••rrrr i-T cr roorcrr cnp^ cAiruLATfOfis 
12 r.2-0.0 

X(3)"Ml 
»1 
X(l)-0. 
X(2)-0. 
r.-c.'' 
ZrL(l)-!l 
.1«! 
T«n." 
TTTMD-l.57070^ 
I ^17(2)-1.57.1772 
T1 TT‘.( 3 ) »0 . 
ird-D'X.F-'.î) .'TITFÍC,!!?) 
r'> 27 |*1 *,n 

I )lo.u 
T 'I )-T 

i )^r-i 
n 21 

r*****r"rl»K rr" r'Y r'7T' irr"T:: ; " ro’rr,!Tr,,»TrD F'^rr-, 
ir(j.rT.r:i)-o to u 

15 ir((52*SL(l)*0.5).C!".?!(.)))FALL FnRrro.fxypr) 
iFí.i.nT.n)^0 to lit 
IF((S2*SL(I )*0.5) .CP.?I (J) )C(J TP 13 

nTí>;rAin 1/11(:-:3 ror noc^r.-r prrr— 
1': ir(roi(Ij.Eo.n.DGO rn ic 

r*****3Yj T-irj i F 7(Trr*< 
STP-T/C^IAK I )**7) 
r('*T7.LF.:ao.5)rn to 15 

•«( (Ti’L( I )/(ri/’L( I )**r)-200.D)/C01( I ))--(1.^/001(1)) 
TrT7.*-?>5T"A-( (r.T''-2''7.7)/rn2( 1))-(1.7/0,.2( | )) 
71-/0( I )-5L( D-d.a-TCTr.Vl^O.O) 
PP TO 17 

15 T7TP/-0. 
"l-OLÍ I )-(1.7-(/,0(1 )-l.P)*r>TO/200.7) 
f'” m 17 

—unr rr^rF-TPL r ri/rT!P fíoonu.i'? »vif. roi 1«; .(»okpt ni;< 
1- T'*''"/'»T/( .7C5I)*T,,L( I )*(r I AK I )-001( I ) )**2) 

51 = 7L( I )*(1. ',-T5Tr:A) 
17 lp(T5T0A.rT.STr,:Vv( l))S'"-7X(l)-T5T?/ 

o-*-*-rpoi»'i,,r nr ’"r ,'i'f,r"io/'i l,,TFFR',Tlo•' r",oo,-p"''r*****1 
r'’-S7-çL( I ) 

'• * •¥ * A - v * 

p-s-r,! 
70 18 10*1,3 
r.'( io)*si;:(T"FTa( io)) 
0pi( I 0)»C0S(T"FTA( 10) ) 

1" X(|P)»X(|0)-S1*05(|0) 
lr(50(3).57.0. )0/.(3)-0.000001 
7 I A-SPRT( 07 I /.( I ) / 51 ) 
/'•"-s:í( I )*7'’(3) 
'.;T-7,W(| )-05(3) 
’i7-X(3)-Sl*or>(3)/2. 
PALL SPFED 



uw».».- *- 

rr io ic-1,3 
11»tr>i 
111«ir*; 

lr(ll.rT.3)ll-M-3 
IT( I I 1.07.3)I I I-I I1-3 

’t'T(|,r)l|'í¡r,)!?';níí**r'l!(,,)#rí:(,r)*rSÍII)'l:ÍM,)*rSíir)*r::(ll!) 
n •;•'( ir) ... if,)*pof3)/s,:(3) 

"•'(3 ) /”(3 J+'J'ü'/r/’i 3 ) 

V,,M-r')PT(U"( 1 ) **2^l'N( 2 ) 3) **2 ) 
rTT»('T( i ) «uTÍ 2 )*"T(3 ) 
lr (T.PT ,T'AV( I ))T::A:ai )-T 

20 r-1,3 
""( I r )«( 2,'Vif-lt)I )*si*ni/'•yv’-n»^ i i r) 
T"r** ( I ',)-TM»‘T,< I 10)) 

T=T-' '!♦( 2. °4r-U) *rnT( I ) - I c* Ar“”, (!’TT)*rTT 

iii)'¡.'(^‘r*35 p|T,'(6'l,,7), 's#xíi>'“í2)#”í3)/T'T "rT/'(l)#T"^™2)#,, 
xnL(*'*î)-x(l) 
Yf’KP.'+D-XC) 
ZOLCi^D-XtS) 
Ur»L(M)-t/(l) 
VPL(fl)-ll(2) 
"PL(r;)-M2 

2Ï op'jTI’ilip 

22 OCMTPÜT 
mr -Y i‘'orr.i'fT’.'Tioovc?,,Tni3Trr n—) R-P'?r .. 

23 IF(J.OT, ■’! )no TO 24 
0,*LL FOO.OFSfTYPD 
rn TP 23 

0*****Pror,|V'* OF T"r ITORATI^" pnnopr'l"' 
24 !r(|MDFX.FP.3)00 Tn 27 

r-npPT’i-x(3) 
IF(Anp,(r) .ir.pnjm TO 25 
IF ("P^ . H . n )'.’P. I TF( G , 1 "* )"1, X (3 ) , F 
IF (•'pr';.ft.0 )'/P I TF( G,!00) iLL(Mf)PF). .v(3 ). F 
L-L+l 
IF(L.OF.10)00 TO 28 
IF(MPFG.FO.n)"l-Ml*r/l.l 
I F (PDFS,F°,")nO TO 12 
I F ('!PF3 . "T. 0 )*! LL ( NPFS )-S Ll.( •'Pf'') ♦ <71.1 
IF (f.'PFS ,('T.O )0P TO G 

25 IF(NPES.Fn.0)VRITE(6,lfl8)Hl,x(3),E 
IF (*!PES. nT.O)'fP I TE( G, 108) SLL(NDES) # X(3 ) # F 

0*****0/‘LOl'LAT'* AUP './riTF rriAL pPOULTF*****************************,**, 
Wr’ITr(G/lil)Xil)#X(2) 
PC 2C 1*1 f,f> 
r.F(i )-pnr.L( i )/t::ax( i ) 

2G l/nI Tr(G,lin) I,MOOR(I )#T’1AX(I )#5F( I )#STRf.AX( I ) 
IF(f!PO. LT, I J)GO TO 27 
l,,DEX-3 
00 TP 12 

271 luímíL;.í!I*0,CAU PLT1('IPTS#XPL'YPL^ZPL/ur>L* V^L/^L^FPTH, IFPL, I l’K 
1/V ^ PLT^ i• !) 

28 OONTINUE 
OALL WMERE(X#Y,-3) 
OALL PL0T(X,Y,99«)) ___ 
PALL EXIT fReproduced .from 
mo I best copYi 
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r.',r.,'TTi,|P rovr.irr') 
"p*L*r T''pr(i) 

rr"ro'i rn,::>,?! \ 
1 K3),rP’-(3),t 0)/-(3),1^ (3),^(3)/: 
1 (--)/ (^),,J• (j),l T( 3 ), J, I •■PrX/,pP3,Drl'T",7310./, 1/,2,5,1,-2 

1 1 r : ( / 7 ( 5 v , A 5,5 F 3.2,2 F 5 . 2 , 2 r r,. 2,1X, A S ) 
1)2 rf'O-/7(5X,'T"F. 1-37. SIUIJLD RF "LAPOr !*. SL*'**' L- T" 

loriM- pri’T" •r'^r?.!,' ::.') 
Ir/1. I-Itp/jk " nnrr,Ti'r;,‘ 

--- = ^2^5 1 (,)) 
‘“'♦'■l(J) 
^ i r-i,3 
3-( I ^)«S I"(7' r7'( Ir)) 
r3 ( I 0)-0^-( ^!iry ( jf)) 
x( i p)»::( i r)*-1 ( n*ro( i -) 
ir (r!rry,r-\#3) ^iTOr J).:;(|r) 

1 rn-mr 
0(3-(3).7^.0. )3-:(3)-.100001 
"r-x(3)-r. i (,<)*r3 (3)/2, 
CALL RPT" 
lr (SI ( I) .-'■.0. ) PP in 3 
V-r:-5^.7(I (l)**2'»,r(r)**24’i'(3)**2) 
nr 2 ir»i,3 

2 nr ( i r)«T*rr,( i r )*3p I : ( j) *v:',",*r( 10/0200+0 10 j) 
m TO f, 

3^4 ir-1,3 
11-10*1 
111-10*2 
10(11.07.3)11-11-3 
10(111 .0,7.3)1 I l-l I 1-3 

' • ( I 0*''( I o)*3-( I D**2-r( I I )*03( I 0*00 I I )-1 ( I I I )*07( ID*03( i 11 ) 
4 U7( |0)-i;(i0)*03(|0) 

-3ar'.T(ui:(i)**2*',t¡(2)**2*ij:'(3)**2) 
l'T7-i'T(l)*U7(2)*MT(3) 
rTT-rniT( J)*An3("7T)*!:T7/02 3. °3 
no 5 10-1,3 

5 nn( io)-(t*dtt)*03( loj+ori :(.1)+/^:)1+0-( 10)/00. o+rdo j) 
c 7-3or',T(nn(i)**2+pn(2)**2+nn(3)*+2) 

r7» 7 ir-1,3 
7 T ’OTAi |0)»AP.0n3(r-n( |0)/T) 

IF(|"[)FX.En.3)U!llTE(G,101)TYPF(J)#3,X(l),X(?),X(3),T,7"cTA(l),T"rT 
1A(2),U(1),II(2),TYPE(J) //// 
irn-ppx.eo.3.Ann.i'pfo.or,n.A-n.)13(0).07.3.ono yo 2 
OP 70 9 

8 )l4-'!2-H3(J) 
S4-S2-H4/( AO( I )*(1.0 + 737PA/lO0.0)+Si:( 1))-31 (,))/2.0 
•/P.I7E(fi,102)34,))3(.1) 

0 .l»J*l 
nr7URn 
EPD 

1M 
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siinrmüTirr rprpn 
nMMON r(3,r5)/Pl.T(3/2S)/V(3/10)#SI(25)/f'DIN(25),rDIT(25)#t'í(25)/A 

in(Hl),D(in)/NVP(3),'lli(3),POU(3)/rnMS(3),U(3)#X(3),THCTM3),Cr(3),S 
1^3),00(3),1^(3),117(3),.1, I "O^X, MOFS, OFPTM, T^TRA, 1,^2,5,1,^2 

nn 22 J.1=1, 3 
ir (*i'/p( j.i)-u)in,i*,n 

in IF(nwP(.1.))-2)1,2,3 
Il IFCJVP( J.l)-r.)5,6,6 

r*****r>RDFIlF MO. I***************************************************** 
1 IF(M2.LE.0(l))nn TO 20 

tFOir.nr.nrpTHino Tr' 21 
12 I r(H2.ri.n(M) . AMO.M?. I F.0(f**l) )PO TO 13 

r»rui 
no to 12 

13 u(.m)«7(.k),m)-((v( j.),m)-''(.i.i,m>i) ^(“'’-no*) ) V(r(r+i)-n(r‘) ) 
no TO 22 

r**.**pponir mo. 2***************************************************** 
2 I F("2.t F.D(l))00 TO 20 

I F(H2.OF.DF PTM)00 TO 21 
14 I F(M2.OT.D(M).AND,H2.LF.D(M+1))nO TO 15 

M-M^l 
00 TO 14 

15 TFM“(D(M)*P(f,*l) ) /2. 
I F (M2. OF.TFÍ1 )0(.1.1)=7( .1.1,M* 1 ) 
10(02. I T . TFM) 0( J.l ) =7( .1.1, M) 
00 TO 22 

r >o, J***************************************************** 
3 I F(0?. I F.00(.),1))00 TO 20 

ll(.l,l)»V(,l,l,l )*(H0(,I,I)/H2) **PO"(,!.l) 
00 TO 22 

r*****PPOFIt F MO. 4***************************************************** 
4 I F (H2,1 F.MO (J.)) )00 TO 20 

U(.IJ ) *V(.).), 1 ) - V( .1.1,1 ) * ( (H2-H0 ( .I.J ) ) / ( DFpTM*00M5 ( J.I ) -HO (.1. )) )**Pr''(.l 
U) 

00 Tf- 22 

5 I F (M2 . LF.MO(.1J) )00 TO 20 
ll(.l,l)=PO,.'( JJ) ♦(Vi.1.1,1 )-POW( J.l) )*( (M2*OON5( .)J)-DFPTM)/(M0(.)J)*oov5( 

1,U)-DFPT") )**2 
no TO 22 

0*****PP0FI LF MO. fi*.********************************* ****************** 
fi nFPi-H0(.i,i)/3. 

DFP2*nFPT"-l,0( JJ) 
DFP-4.*0FP1 
IF(M2-DF PI )17,17,1 G 

16 IF(H2-M0(,1.1))18,IR,10 
17 U(,J.I)“V(.).l,l)*005(6.2B31t)*H2/DFP) 

0,0 TO 2 2 
18 U( JJ) = ■ PO"(.1.1 )*005(6, 28319*H2/DFP) 

0,0 Tf, 22 
19 U(Jd jOOMS(,I.I)*SIN(3.14159*(H2-HO(,I.J))/DFP2) 

no TO 22 
20 U( JJ)«V(.IJ,1) 

no TO 22 
21 U(JJ)-0. 
22 rONTINUE 

RETURN 
FND 
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SIWPOl'TI'T ri TK'IPT'Î^XPL^YPL^PL^IPL, VPL#HPL#nPPT,t/ I Pr’l./ I H'//, 
iPi.T, r i, fiwP) 
niMI-rniO'' ri'FFrR(?«5P)/XP|.(l)/YPL(l)#7PL(l)/MPl (D^JPKD/'Pin ) 
nifir'iniof v(i#i)#pi. 1(3,1),rvp(i) 
XF^-S. 
XOP^-IPO^ 
pi'-xnnr/xFf' 
nY-nrprvip, 
vpr-^r^íypi (•"’Tr;) > 
ynr.APr. (ypi ( MPTr ) ' 
XTp^mY^p/py 
Yrnf«vnr/pY 
v| p*'«7 t # vpn» 

y i r*1*?. #vrRr 
1' P| ( *'PT^ I ap > 

t/n) (• 'Vr.-|Bp ^ 

>in| ( MPTr ï »nrpTP 
x°i C:ptp>1)«-yrr 
vnL(''PTP.*l)»-Yr'r 
iip| )»ynrr 
Vnl.(MPTr<^l) "XOPP 
••*1 (rn-*r + ] 5 apppTit 

iipi ("PT^^D-nm^M 
yoii'PTp^^j-nY 
7nL(. PTr+7)a_DV 

yp| (•'pt'*,*?)«ny 
Unl.(MPTF*?) ■-n1' 
VPL("nTr + ?)«-n'' 
"PI ("PTP + 2)«-PY 
•'TFP»"PTp + ? 
rn q i-i,ifpl 
PALI. P| PTS(Pl!FFrP,^TFM) 
FUL 'M.PT(n.,0.,-3) 

134 



ir(i-:n,?,3 
i cm /iyi‘‘in.<in.#,xrxrMrrin*' 

TALL 'prOT" firirnr).nr 
rz-ii i if-r(vpi,7!M.,f-PT*“'# 1/o,o) 
m TP 7 

? r»! I -^71^(^.,l0.,,YpwPl,r’'‘ln’' C'PTrrr) ' , 10, Yl 
PALI ',Xir(Yfp''/0,/ ' nFPT'l (-•pTrPr)'/l»i,ln.,P'' 
PAI.I. l.l"r(VH ,ZPI ,f^PTS, 1,0,o) 
PP To 7 

3 IF(l-li)S5,o ., , 
u r M L '‘’'r(0.,lP.<,X-'P|OPITY (Pf*/nrr)',lP,r.., 

PAM. /1 '• I p ('Tn.,0 .,1 PrPT" (rrTFPp> ,oA. 
PALI. LIMr(l,PL#"PL#"r,Tr»,l,0,0) 
P.P TP 0 

3 PALL A:'t«-<P.,l".,'Y-.'FI.-PtTY ( p"/r rP ) , 1 ^ , . , 
PAIL AVIFCT'-^./PPOT" ('•rTrp3)',14,10. ,nr>. 
p * I I I riri'TI ,I'P| , PTP, 1,p,p5 
ro TP 0 

r pm L Ay|,'(o.,Y^^,,,,vc^;p|',,F|p•' (-----^-^^,10,-^ 
P-ll ; V i r ( «rpt^ o t / • YrYP"r'r I P” (r-Tr-"> • ,in,Y 
PA II. I |*,r( voL, Y"L, ’'PTS,! ,0,o) 
rr> jr n 

7 np " K*1,VI 
IF(I.FP.l)"-PLT(l,n)/PY*vrp' 
IF(I .FPi.2)v-PLT(?,K)/nY*YFr(M 
Y-10.-PIT(3,K)/Pv 

P PALL '".'»’P.PI.C'^Y, 0.03^,-,00.,-1) 
n PP"T I f-UK 

p rytin" 
rnp 

",o.,-xnp,PY,lo.) 
,PrPT",-PY,lo.) 

F",0.,-YPP,PY,lo.) 
.,r)FPT",-PY,ln.) 

o.,yopp,-ni',io. > 
,DrpT",-r>Y,ir.) 

o. ,XOOP,-P'',10. ) 
, nroT'1, -PY, 10. ) 

i F-:,o.,-xrp,nY,in.) 
i p",oo.,-^^0^^,10.) 



APPENDIX B 

Subroutine Speed 

This appendix is the same as in Part I. 
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