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ABSTRACT

An improved procedure for the col lect ion and cor re la t ion

of deep-sea lines f i shbite da ta wi th geograp hical loca tion and

ambient condi t ions is described . Triggerfish and a small shark ,

i s is t ius  bras i l iens i s, are added to the list of suspected b i t e r s .

The f i r s t  known instance of fishhite on a deep-sea mooring line

at a s t a t i o n  moored in the Indian Ocean is recorded .

A screening test  procedure for i d e n t i f i c a t i o n  of thermo-

p l a s t i c s  which have a potent ia l  for  use in pro tec t ing  mooring

lines against t i shb i te  has been developed . Results of tests

made on mater ials  which are current ly in production indicate

that suitable materials may be found among the fluoropolymers ,

ABS resins , ce l lu lose  es ters , acry l ic /PVC a l loys , pol yter-

eph thalla tes , and ny lons . Five specif ic resins are recomended

for trial on experimental deep-sea mooring lines.

______________________________________ 
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introduction

The na tu re  of damage to deep-sea lines by biting marine organisms

and the development of methods for controlling the same have been

review in a previous publication , “Deep-Sea Lines Fishbite Manual”

(Prindle and Walden , 1976).

Biting of lines was ascribed mainly to sharks and other fish ,

though the possibility that organisms , such as squid and sea turtles might

occa sionall y cause damage remained a possibility . Available data indicated

that biting occurred almost exclusive ly in deep-water locations beyond

the continental shelf and in warm waters occupying a zone between approx-

imately 4O~ nor th and 40 0 south latitudes. Bites were found at depths

from the surface t o  2000 meters below . Data used in reaching these con-

clus ions were derived largely from stations moored in the western north

Atlantic Ocean . More data are needed to comp lete the definition of the

fishbite problem on a geographical basis .

• After a study of various methods of solving the fishbite problem , it

was concluded that armoring with a tough thermop lastic offered the most

promise for protection of synthetic fiber lines and for lines carrying

me tallic conductors. Several experimental lines armored with therinop lastics;

pol yethy lene , pol ycarbonate , rigid pol yvinyl  chlor ide , and acetal copolyiner

were made and tested at sea. Each had some favorable properties but none

could be considered acceptable for routine use. It was evident that the

field of commercially available materials would have to be systematically

searched to find materials which had the toughness and environmental dura-

bil ity needed for the job .

In  cons idera tion of the foregoing , this report is in two parts.

The first part supplements information given in the “Deep-Sea Lines Fish-

bite Manual” on the occurrence and nature of fishbite attack. The second is

an account of a systematic search for improved thermoplastic armors.

_________________ __
~

_
~

_ _ _ _ i- ___~~-_~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Part I. Continued Collection of Fishbite  Data

To f a c i l i t a t e  collection and c lass i f ica t ion  of s ign i f i can t  in-

formation , a data storage card was devised to serve both as an aid in

collecting fishbite data and for classification and filing of the same.

Figure 1 is a copy of the data card which , by punching and sorting ,

can be used for retrieval and correlation of data as well as for storage .

It is hoped that in time a sufficient sample of the facts relative to

occurrence or non-occurrence of fishbite in various locations will be on

f i le  so tha t persons who plan the use of deep-sea moored stations can

ascertain the hazard of fishbite for any part of the ocean.

Most of the new da ta coll ected since comp letion of the Deep-Sea

Lines Fishbite Manual confirmed information already on record . However ,

there were severa l items which expanded the scope of the problem. Worthy

of note among the new data are records of fishbite incidents from ocean

areas other than the western north Atlantic , and the imp lication of types

of biters not listed itt the fishbite manual.

With reference to fishbite areas, an add it ional record of shark

attack upon a mooring line in the Pacific Ocean has come to light (Sessions

and Brown , 1969). A buoy line constructed of 14.3 nun (9/16”) diameter

ny lon coated with pol yure thane and loca ted a t 29°59.3’ N latitude and

165°0l.4’ W longitude was severely bitten at a depth of 184 in. Shark

tooth fragments were found embedded in the line at a depth of 210 in.

Several electrical conductors were cut. Sessions and Brown’s ar ticle

indica tes tha t ano ther , similar line on station at 43°O0.0’ N latitude

and 164 °00.P W longi tude “had about half as many cuts and slashes”. No

tooth fragments were found in the latter case, bu t if the damage were

indeed the result of biting it would be novel because it occurred outside

the 40° north and south latitude zone suggested (Prindle and Walden ,1976)

as the outer l imits for such activity .

L •~~~~ - • 
-
~~~~~~~~~ - -

~
— --

~~~~
-
~~~ - - - ~~~~~~~ - — -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 1

De.p-Sea Lines Fishbit. Data

Please fill in data indicated below insofar as possible:

~~ .1... .. . . .. .. .1. . . .1... .... . ... ... . . . •..
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 I 4 

~~~~~~~~~~~~~~~~~~~ 
7 4 7 4 I j  4 2 I 4 

—

Name: Moored Station Identification :

ooring m e
Diameter:

~• Float depth (m): Material:
_ _ _ _  

-St .Site: Lot. : Arnv-~r: . _____

Long.: Depth top (m): -S..
Water depth (m): Depth boL(m):

Bites ____

Duration (doys) : tota l number:
Date in: Depth , m m .  (m): —

~!. 
Date out : Depth , mox .(m): 

. _____

Cause :
~•‘~~•N Additional notes on back of card.

C~~ I1~J~ AR LINGTOP& V~~PMONT 196 5 RESEARCH DECK ~

‘I [ I b d ~~~~ I-•o--e-1. • .J. j oel•  a a a.o a o1~a a ~~i a a o  ao a• a a a a a a.. .~
~~L~_~e~oo  ~~~~ • o o o  o a *a o  ö è ö ó ó ö  ~~ó à  ~

Additional information or co~~tents:

L__~ ~~~~~. ~~~~~~~~~~~~~~~~~~~~~ - 
-— 

- •• - ___________ ~~
-

• 
- - -- •  - •~~~~~~-
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The f irs t au then tica ted record of f i shbi te in the indian Ocean was

obtained when the anchor line of Wood s Hole Oceanographic Institution ’s

Moored Sta tion #593 was hauled f r om the water at 0°03’ N latitude and

50°29’ E long itude . The line was a steel cable , 4.76 mm (3/l6”) diameter ,

coated wit h high dens ity pol yethylene to an outside diameter of 6.91 mm

(0.272”). Slashes and stabs were found in the polye thylene jacket at a

depth of 1411 in. The underlying wire was exposed at several locations .

Two f ish tooth po ints were found in the plastic , hut they were too small

f o r  f u r t he r  ident i f i c a t i o n .

Among possible new species of b i te rs  are t r i gge r f i sh  and the “cigar ”

or “cookie cu t t e r ” shark , Is i s tius  brasiliensis. More information is

needed concerning their  possible roles in damage to deep-sea mooring lines.

Par t  II Improved Fishbi te  Armor

The need fo r  f i s h b i t e  armor on deep-sea mooring lines has been

described in the “Deep-Sea Lines Fishbi te  Manual”(Pr indle  and Walden , 1976).

Several p las tics have been used for the purpose . The mos t widel y app l ied

have been pol ye th y lene and pol yure thane .  They are both rcadi’y available

and easi ly app lied . However , study of lines returned from service indicates

tha t a toug her mater ial  to prevent penetration of f i sh  teeth to tensile

f ibers  and/or electrical conductors within the mooring lines is needed .

First attempts at finding improved armor were to app ly materials which

were readily available and seemed to have sufficient toughness to lengths

of l ine, and then , to test the jacketed lines by using them as component

parts of deep-sea nioored stations . Polycarbonate , rigid pol yviny l chlor ide ,

and acetal copolymer have all been tested in this way . Each has been found

to have its particular shortcoming . Polycarbonate was destroyed by stres s

c razing . Rigid PVC broke up when handled on deck at winter temperatures.

Acetal copo lymer was notch sensitive , so its use was limited to one mooring

because nic ks produc ed by fish teeth led to later cracking when the line 

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _  
—~~~~--- - —---- - - 

-5-

was flexed . The outcome of such tests was valuable in pointing up

characteristics which would be necessary in a good armor, but the method

of testing at sea was very slow and expensive , requiring up to nine months

time f~ r each p las tic tested and the use of oceanographic vessels .

Accord ing to one handbook (Howard , N. J., 1977) there are presen t ly

available something in the order of “50 major chemical types and 175 sub-

groups of moldable and extrudable plastics”. More than 4000 individual

kinds of plastics are available from 137 manufacturers. Amongst such a

wealth of material , there may be an ideal fishbite armor . The problem is

to find the righ t p lastic quickly and efficientl y. A screening test pro-

cedure is obviousl y needed .

The purpose of the stud y reported herein is twofold :

a . Development of a screening t e s t  procedure for preliminary

select ion of res ins  which  have the p ot e rt i a l  of becoming e f fec t ive m ooring

l i n e  armors , and

b. A review and t e s t i ng  of commer c i a l ly available materials to find

p las tics which wi l l  qualify for sea trials in full scale mooring arrays.

A . Development of Screening Test Procedure

Test Specimens

in the first stages of p lastic armor development (Prindle and

Walden , 1976) tubes 13 nun (~ “) ID with a wall thickness of 1.78 mm (70 mils)

were used as test specimens for determining the resistance of plas tics

to cutting and stabbing . Such specimens had the advantage of being about

the same size and shape a~ the armor on mooring lines in use at the t ime ,

and they were produced by extrusion so that they mig ht be expected to  have

physical properties similar to those of an extruded armor . However , they

are not a standard test item in the plastics industry and so it wps found

that many resins were not available for testing in the tube form .
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The f i r s t step in devising a screening test procedure was therefore

to see whe ther f l ex  bars and tensile bars hav ing a rec tangular cross

section , 3.175 s,.- (1/8”) by 12. 7 nun (½” ) , and wh ich are widel y used in the

plastics industry , could be used instead of tubes.

The stab test (Prindle and Walden, 1976) was run on a series of four

plastics which were available in both tube and bar form.

In the course of tes ting , it was found that some materials were so

tough that the tips of sharks ’ teeth used in the stab tester were broken

during the test procedure . This meant that a constant supply of new shark

teeth had to be kept on hand ; an impractical consideration. Therefore , all

data herein reported were derived with the use of steel teeth which had been

filed to approximate the size and shape of a tooth from a white tip shark.

Stab tests run on bars of plastic yielded higher values than those

run on tubes , as i l lustra ted by the follow ing resul ts:

Stab Test
Tubes vs Bars as Tes t Specimens

I tems Stabbing force to pierce - lbs.

_____________________ 
Tube Bar

Pol yethy lene 19 37

Polycarbonate 53 149

Acetal copolymer 53 120

Nylon 6/6 48 139

Data from tests on bars have a wider dispersion than those from tubes as

seen in Figure 2. Al though there are not enough data to establish preci sely

the degree of correlation between results obtained with the two types of

• tests , they appear to f ol low the same trend and it was dec ided

to use stab tests on flex bars or tensile bars as a rough guide to the

“bi teability ” of various plastics.

I
,

________ ________ —~~~~~~~~ --~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. —
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In similar vein , the cut test which had been done previously on

tubes , was revised to use bars. In order to do so, it was necessary to

change the specimen holder and the angle of the cutting blade in the test

equi pment (Prindle and Walden, 1976 , p.€2). The specimen holder was simply

machined so that a specimen 3.18 mm by 12.7 mm (1/8 x ½” ) in cross section

would be held wit h its broads ide horiz ontally beneath the cutting blad e.

The angle of the cutting blade was changed in order to obtain a d raw

cut , which is characteristic of fish teeth during a bite. With the

cy lindrical  specimens prev iously used , a blade moving straight downward

with its cutting edge horizon tal produced a draw cut because of the curved

surface of the test specimen . However, wi th a f la t specimen , it became

necessary to change the angle of the blade in order to get a draw cut. The

angle was set at 45° to the horizontal. Numerical cut test values obtained

with the new technique are lower than those previously ob tained by about

15 to 207.. Otherwise , results obtained with various plastics appear to in-

dicat .~ the same rela tive resistance to cutting as had been de termined using

tubes as test specimens.

Durometer D Test

The cutting and stabbing tests as devised and used at Wood s Hole

were attempts Lo simulate the kinds of attack which mooring line s would

encounter in service. They are not generally used in the plastics indus try .

An attempt was made therefore to see whether a test which is more widely

used could be related to these specialized procedures and so fac~~litate

the selection of candidate armor materials. The Durometer test using the

shore D scale appeared to be suitable .

To determine whether there might be a useful correlation , cut , stab ,

and Duroineter D tests were run on a series of resins in the form of flex

bars or tensile bars (hereinafter called simply “test bars”) having a cross

section of 3.18 x 12.7 nun (1/8 x ½” ) . Each test was run on the same test
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bar of each plastic at room conditions , which were about 21°C (70
0 F)

and a low relative humidity, Data are given in Table 1 in the Appendix.

It was evident that Durometer D measurements followed the same

trend as cut and stab test data. In order to visualize the relationship,

data were plotted against a regression line for the same, es tablished by

the method of least squares. Figure 3 shows the relationship between

cu tt ing force and Durometer D measurements ; Figure 4, the rela tionsh ip

between stabbing force and Durometer D measurements. In both cases, the

Durometer numbers cover a narrower range than the numerical values of

the other variables , but there appears to be a strong correlation . If one

does not set the limits too rigidly, i t seems tha t the Dur ome ter can be

used as a method for preliminary screening of plastics for bite resistance.

Armor Spec i f i ca t i on

S u f f i c ien t  experience has accumulated so that a tentative fish-

bi te armor specification can be sat up in language fami l iar  to supp liers

of plastic resins . Major considerations are:

a. Resistance to biting .

h . Extrudability onto other mooring line components.

C .  Handleability .

d . Environmental resistance.

Many of the requirements have been discussed and defined (Prindle

and Walden, 1976). No material tested to date has possessed all propert ies

to an ideal degree , hut as progress has been made from one experimental

a rmo r to the nex t , a picture of the desired resin has begun to emerge .

it must be more cut-resistant than polyethylene ; less brittle than rigid

PVC; not subjec t to stress cracking like polycarbonate; and more resistant

to cracking when notched than is acetal copolymer. Figure 5 is a tenta-

tive specification in outline form showing the test parameters which are

though to he significant , based upon experience with armored lines to date.
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The specif ica tion outlined in Figure 5 was design ed as an a id i n

screening p lastics for possible use as fishbite armor , It does not take

into consideration all the informati on one should have be fore using a

material on a line which is to be part of a deep-sea mooring . In addition ,

it would be desirable to determine the properties of a candidate armor

when saturated with water; to learn more of the effects of low temperature

on its phys ical properties; and of course , to ascertain the probability

of success in ex truding it onto rope . A material which passes the

Tentative Specification and then performs well under these latter consid-

erations should then be ready for test on a mooring line at sea .

In using the Tentative Spec if ica tion , it should be understood that

the requirements as l isted repr esen t wha t is thought to be an ideal

armor . If a l l  the limi ts were me t, the ma terial  would be no mor e dense

than sea water , exceedingly tough , easily extruded , and unaff ected by the

environment. As a practical matter , some compromise with these standards

is a likcly necessity . It is important , therefore , to note the priority of

item s listed in the specification.

Toughness is obviously the prime requirement. If a material does not

meet the limits indicated under “TOUGHNESS” it may either have insufficient

resistance to biting or be too brittle for use under some conditions.

Spec if ic gravi ty is a low priority item. From an ideal standpoin t ,

armor should not add to the weight of a line in sea water. A tendency to

floa t migh t even be hel pful. An armor with low density will cost less for

a given length of line than another with high densi ty at the same cost

per uni t weight. However , in terms of utility specific gravity is not a

lim iting factor for most thennoplastics.

Thermal properties are critical. Extrusion temperature and other

properties , such as melt viscosity, determine whether a thermoplastic can

—~~~~ -.-- — .•— — -..— — . ,-- ,~~. 
—

— ~~~~~~~~~~~~~~~~~~~~~~
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Figure 5
Candidate Armor Material (tentative specification )

Trade Name :__________________________ Generic Name : _____________________________

Sourc e :

Prqper ties Test 
— 

Unit s Re quirement Da ta 
—

TOUGHNESS

Cutting force DSLFM 62* lbs 35+ ______ —

Stab resistance

Durometer Shore ASTM 2240 D scale 75+ 
_____

Steel tooth DSLFM 62 
— 

lbs 70+ 
________

Impact;n otched Izod ASTM D256 ft lbs/in 2+

Tensile modulus ASTM D638 
— 

lbs/ in 2 x iü~ 3+ 
__________

Bri tt leness temp ASTM D746 °F 0- 
______

Elongation to break ASTM Dt338 7. 10+ 
— __________

SPECIFIC GRAVITY ASTh D792 ——_________ 
1.025- 

_______

THERMAL PROPERTiES

Ex trusion tempera ture 
_____________ 

°F 
_______________ ______—

Use range 
___________ - 

°F 0 to 120 
__________

STIFFNESS

Flexural modulus ASTM D790 lbs/in2 x 10~ 4.0- 
— __________

ENVIRO ?I~E~~AL RESISTANCE

Stress cracking 
_____________ _______________ 

Excellent

Rydrolysis —__________ ______________- 
Excellent 

__________

Su~~id oxidation ___________- ______ 
Excellent

CLAR ITY 
____________- -—___________ 

Transparent 
__________

REMARKS : DSLFM 62 = Deep-Sea Lines Fishbite Manual, page 62
DSLFM 62* - Same as DSLFM 62 but cutting angle modified

to 450~ See p. 8 this report.

L - --— - - ~~~~~~~~~~~~~ -~~ — 

- 

.
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be successfully extruded onto tensile fibers and/or conductors. More

experience is needed before limits can be set , but in general , low extrusion

temperatures and low melt viscosity favor success. Equally impor tan t is

the range of temperature over which an armor material can be used without

failing from brittleness on the one hand or plastic flow on the other.

In the wa ter , deep-sea lines are subjected to temperatures from -2°C to

27 °C (29 to 80 °F ) .  However , they may be required to per form under a

much wider range of temperatures when stored or hand led on deck or on shore .

Difficulties have been experienced when armored lines were run over small

diameter  sheaves at low winter temperatures .  Minus 18°C to +49°C (0°F to

+120°F) has been suggested as a practical range for most app lica tions in

the temperate zone .

Stiffness places a constraint upon line handling, bu t tough ma terials

are likely to be stiff . A flexural modulus limi t of 4.0 x l0~ lbs/ in2 has

been found acceptable for 1.78 ran (70 m u )  thick armor on a 12.7 mm (½ ”)
d iameter Dacron line of low twist , parallel yarn construction. This is

obviously a cri tical factor , but one which may need adjustment as larger

or smal ler  diameter  mooring lines are employed .

Environmental resistance is necessary if a line is to be used

repeatedly . Resistance to stress crazing is essential. Polycarbonate

possesses excellent properties in all other respects but it cannot be used

because minute amounts of organic compounds present in synthetic fiber ropes

cause it to break up spontaneously . Hydrolysis and other effects due to

wa ter are si gnificant in a material which is to be used for long periods

under  water  at considerable pressure , as noted later in this report .

Resistance to sunlight and oxidation are important if lines are

stored outdoors , uncovered , or the end of a mooring line is secured above

the water line . Beyond the first meter of submergence in sea water, amounts

of ultraviolet radiation from the sun have been reduced by more than 90%
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(von Arx , 1962) and it seems unlikely that a significant rate of degrada-

tion would take place from that cause . The resistance of many plastics

to u l t rav io le t  radiation can be greatly increased by the incorporation of

carbon black or other materials , and this seems a well advised precaution .

Ratings given in Table II are for unprotected resins.

B. Review and Testing of Commercially Available Therinoplastics

Upon the basis of the Tentative Specification which had been

developed , the field of available plastics was searched for armor materials ,

using the 1975-76 Modern Plastics Encyclopedia (Agranoff , 1976) as a

prime reference. About 15 different kinds of plas tic res ins seemed to have

potent ia l ly usefu l  propert ies.

Informat ion  was collected together with test bars in order to (‘valuate

the various materials against the specification. Technical data from

manufacturers was used wherever available. Cut , stab , and most Durometer

tests were done at the Woods Hole Oceanographic Institution. The tests were

run in a heated bui lding wi th  test bars condit ioned to ambient  c o n d i t i e i i s .

Outdoor temperatures were below 0° C (32 ° F) so relative hu m idit y inside the

laboratory was low.

As information accumulated , it began to appear that the best annor

materials would be types used in other app lications requiring toughness;

uses such as bearings , golf ball covers , trim strips , and of course , cable

jacketing . Several of the resins which seemed to have the right properties

had been used in injection molding . Because of high melting points of such

materials and their high viscosity when melted , it is a~ ticipated that some

wil l  be on the borderline for extrusion onto rope . Estimated material cost

varied widely from a low of $371500 m of armored line to a high of $ 5 5 5 / 5 0 0  in

of line , not always in proportion to value as armor.

Data for four plastics which have been tested at deep-sea moored

-~~~ — — —— - --— — -~~~~~~ ~~~ . - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
~~~~~~~~~~~ ~~~~~~~~
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statiom.. , and for eleven new mater ials  are given in Table II in the Appendix.

Data for  each resin are given in comparison to the l imits set by the

Tentative Specification. Data for four previously tested plastics hav e

been inc luded for comparison with those which are new.

Few of the candidate armor materials meet all of the specified re-

quirements. One might rate them on a scale as follows:

A - Meet all specification requirements:

Fluoropolytner E-CTFE

A ( ? )  - May f i na l ly rate “A” but a few item s of data  are not yet

available.

Polypheny lene oxide

Pol yt e rep tha l l a te  (80-20) and (60-40)

Cellulose butyrate

B - Generally acceptable , bu t a few proper ties are borderline or

a l i t t l e  below spec i f i c a t i on .  May be u se fu l  compromises .

Acrylic/PVC alloy

Ac ryloni tn le-Butadiene- Styrene

Nylon

C - Materials which have properties below specification , bu t wh ich

are easily app lied , give some protection, and may be considered

wher.’ fishbite is not a major problem .

Polypropylene

lonome r

Polyurethane

After preliminary screening, six new resin formulations which seemed

to be most promising were further tested to determine the effect of water

iranersion upon resistance to cutting and stabbing . Specimens were tested

for Durouteter II hardness, resistance to cutting , and resistance to stabbing

after 24 hours in distilled water at room temperature(approx . 21°C) and a
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pressure of one atmosphere . The same tests were repeated after 15 days

under the same condit ions.  Another  set of specimens of the same p l a s t i c s

was tes ted in the same manner a ft e r  24 hours under water at room tempera-

ture and 205 atmospheres pressure (3000 psi , corresponding to hyd ros t a t i c

pressure at a dep th  of 2000 meters in sea water) . Data from the tests are

given in Table I II  in the A ppendix. The same data t r ans la ted  into  terms

of percent of the value obtained for  a dry specimen are shown grap h i c a l l y

in Figures 6, 7 and 8.

From the bar graphs , it appears tha t immersion in wa ter did not

change the resistance of the pol y t e r e p h t h a ll a t e s  or of the acry l ic /PVC

specimens to a s i g n i f i c a n t  degree. In some cases , res is tance to c u t t i n g

and s tabb ing  seemed to have inc reased during water immersion . However ,

in view of the v a r i a b i l i t y  of available data and the small number of

• rep licate tests , (3), it is doubt f u l tha t such apparen t gains in resistance

to mechanical “biting ” are significant .

On the other  hand , c e l l u l o se  bu ty ra t e  and ny lon seem to have suffered

s ign i f i can t  and progressive loss of resistance to cu t t i ng  and stabbing

during immersion in Water.

Such a chang e cou ld have bee n antic ipated in the case of nylon which

is known to absorb water  and change its physical properties. The absorbed

water apparently has a plasticizing ef f ect on the nylon , causing it to

become softer and more easi ly c u t .  At  the same t ime , however , i ts no tch

sensi t ivi ty decl ines. ln the case of the nylon tested , Zytel ST8OI , the

changes in  cut  and stab res is tance are enough to put it below specification

levels . A tougher ny lon , such as ny lon 6 , Capron 8207, might have enough

excess bite resistance to make it useful even when saturated with water.

• Cellulose hti tyrate seems also to have been adversely affected by

immersion In water in a way similar to nylon . 
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Figure 6

Effec t  of Water Immersion
of

Durometer D Hardness
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Figure 7

Effec t of Wa ter Immers ion
on

Resistance to Stabbing
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• Figure 8

Effect of Water Immersior
on

Resistance to Cuttinq
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Increasing hydrostatic pressure from one atmosphere to 205 atmos-

pheres for  a period of 24 hours did not resu l t  in more rapid loss of cut

and stab resistance by any of the plastics.

As a resul t  of the screening test program , eleven comme rc i a l ly

avai lable  thermop lastics which have suitable proper t ies  have been found .

Five of them s a t i s f y the requirements  of a Tentative Specif ica tion to a

degree that  they are ready for a trial on an experimental mooring line

a t sea . Th ey ar e :

1 & 2 . Acry l ic/PVC - “DICE 450” and “DICE 475”

Source : E .  I .  duPont de Nemours and Co.
Plastic Products and Resin Dept.
Exper imenta l  S ta t ion  Building
Wilmington, Delaware 19898

Contact: Mr. William E. Garrison
Research Associate

• DICE 450 and DKE 475 are inexpensive materials. Both have been used

in ext rus ion.  DICE 450 is a little tougher than DKE 475 and has better

properties at low temperatures. On the other hand , D ICE 475 is more resis-

tant to sunlight and is less stiff.

3. Ac rylonitrile - butadiene - styrene (ABS) - “Kralastic SR-S 1801”

Source : Technical Services
Uniroyal Chemical
Elm Street
Nauga tuck , Connec ticut 06770

Contact: Dr. Jerry Kiender

Kralastic SR-S 1801 has been used successfully in marine applications.

4. Fluoroplastic E-CTFE - “Halar 300”

Source: Specialty Chemicals Division
P .O . Box 1087R
Norristown , New Jersey 07960

Contact: Mr. A. Bruce Robertson
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This material has excellent properties and has been extruded onto

wire . It should make a long lasting produc t, but it is very expensive .

5. Fluorop lastic - “Tefzel 280”

Source: Plastics Department
E .  I. duPont de Nemours and Co.
Wilmington, Delaware 19898

Contact: Dr. John 0. Punderson

This mater ia l  has excellent properties.  I t  has been successf ully

extruded . Some corrosion resistant extruder parts are necessary , as it

gives o f f  minute amounts of hydrofluoric acid during extrusion . It is

very expensive , hut should make a long last ing product .

* * * * * *
There are several materials which look promising for use as mooring

line armor , but they need a small amount more preliminary evaluation and/or

t e s t ing  before  recommendation for  sea trial. They are:

Cellulose butyrate - “Tenite hutyrate  205A - 37201 MB”

Source: Plastics Division
Eastman Chemical Products Inc .
Building 280
P.O. Box 431
Kingsport , Tennessee 37662

Contact: Mr. Kenneth L. Gibson

Properties when immersed in water need further testing with reference

to cut and stab resistance and brittleness at low temperature .

Nylon - “Capron 8207”

Source: Allied Chemical
Specialty Chemicals Division
P.O. Box 1087R
Morristown , New Jersey 07960

Contact: Mr. E. C. Lupton
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- “Zytel ST 801”

Source: E. I. duPont de Nemours and Company
Plastic Products and Resin Department
Technical Service Laboratory
Chestnut Run
Wilming ton , Delaware 19898

Contact: Dr. Robert M. Bonner

Nylons are marginal with reference to bite resistance , but have

high elongation and low stiffness. They absorb water and are plasticized

thereby becoming less sensitive to cracking . They need further evaluation

in the wet condition.

Polyterephthallate - “Polyterepthallate + XEP-l6-1”
(80-20 and 60-40)

Source: Plastics Division
Eastman Chemical Products, Inc .
Building 280
P .O . Box 431
Kingspor t, Tennessee 37662

Contact: Mr. Kenneth L. Gibson

This is a new class of thermoplastics which is characterized by

toughness and which can be blended to produce a wide range of properties.

To da te ,the polyterephthallates look promising, but more data are needed

with reference to thermal properties and environmental resistance .

* * * * * *
A material which should be reconsidered :

Polyphenylene oxide - “Noryl”

Source: General Electric Co.
Plastics Department
Nory l Avenue
Selkirk , New York 12158

Contact: Mr. Morris M. Lee

A trial extrusion of Noryl SE-100 onto a Dacron line resulted in an

unsatisfactory product because suitable extrusion facilities were not

available at the time and the resin was degraded in process. However ,

.. - ~~~~~~~~~~~~~~
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the phys ical properties of polyphenylene oxide still appear to be right

for armor and improved forms of the polymer have become available

recently so that a reconsideration is recommended .

Recominendat ions

1. It is recommended that armored lines be prepared for deep-sea mooring

test from each of the five following thermoplastics: acry lic/PVC (DICE 450),

acry lic/PVC (DICE 475), ABS resin (Kralastic SR-S 1801), fluorop lastic E-CTFE

(Halar 300), and fluorop lastic (Tefze I 280). All have met screening test

requirements and seem to have a potential for making good armors. (As a

beginn ing , arrangements have been made for a trial extrusion of acry lic/PVC

(DICE 450) onto a Keviar line).

~~~. Evaluation of cellulose butyrate (Tenite butyrate), ny lon 6 (Capron 8207),

super-tough ny lon (Zytel 801), and polyterephthalla tes should be comp le ted

and moor ing l ines made if resul ts con tinue to be favorable .

3. Evaluation of pheny lene oxide polymers (Noryl) should be re-opened

w i t h  cons idera tion give n to new types of pol yp heny lene ethers.

4.  Access to information concerning commercially available thermop lastics

has been grea tly improved wi thin the past few months , and a review of the

field would be in order if a satisfactory armor does not result from

app lication of those already studied.

5. If a variety of resins are to be applied as armor , an extrusion

facili ty capable of handling them with a minimum of retooling should be found .

________________________ — —.—— —
. ..._ — ... . r t -- t  .~. . . , ..~~~~ — . .tr -r ~— ~~~~~~~~~— — ‘ ,t... ~~~..
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TABLE II

ARNOR CANDIDATE MATERIALS
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Table III

Effect of Water Immersion
on Resistance of Plastics to Penetration

Wet Test
Dry Immersed in Distilled Water 

—

— Material Test 1 Atm . 24 hrs. 1 Atm . 15 days 205 Atin.24 hrs.
Duromete: D - Ave .5

~e1lu1ose butyrate 79.6 74.2 73.0 75.0

Polyterephthallate 80-20 79.0 77.8 78.2 77.4
Polyterephthallate 60-40 75.1 76.0 74.6 71.8

~crylic/PVC (DICE 450) 82.9 84.4 83.0 82.8
~cry1ic/PVC (DKE 475) 81.9 84.6 85.0 82.6

Nylon (Zytel ST8O1) 77.9 75.4 69.2 74.0

Specification 75

Stab Test - Lbs. - Ave.3

Cellulose butyrate 94.3 82.3 65.0 84.2

Polyterephthallate 80-20 97.7 102 97.0 95.0
‘olyterephthallate 60-40 75.1 76.3 78.5 71.0

Lcry lic/PVC (DICE 450) 145 134 145 124
~cry lic/PVC (DKE 475) 119 114 136 123

Nylon (Zytel ST801) 62.4 62.2 55.2 64.6

Specification 70+

ut Test - Lbs. - kve.3

ellulose butyrate 50.3 46.8 42.5 47.3

Polyterephthallate 80-20 44.8 45.3 42.3 46.3
~o1yterephtha11ate 60-40 35.8 41.5 34.7 36.2

~crylic/PVC (DKE 450) 61.8 69.7 64.5 66.5

~cry lic/PVC (DKE 475) 69.0 71.7 65.2 69.8

Nylon (Zytel ST8O1) 40.3 25.9 25.2 34.8

Specification 35+

I 
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Table IV

Effect of Water Immersion
on “Bite” Resistance of A rmor Materials

Dry 
______________ ~Wet Test - % of Dry —

Material Test 1 Atm. 24 hrs. 1 Atm. 15 days 204 Atm .24 hrs.
Duromet* r D - Ave .5

cellulose butyrate 79.6 93 92 94

Pol yterephthalla te  80-20 79.0 98 99 98

~o1y terephtha1late 60-40 75.1 101 99 96

~cry 1ic/PVC (DICE 450) 82.9 102 100 100

~cry 1ic/PVC (DICE 475) 81.9 103 104 101

Ny lon (Z ytel  ST8O1) 77 .9  97 89 95

Stab Test - lbs. - Ave. 3

Cellulose butyrate 94.3 87 69 89

Pol ytereph thal lat e  80-20 97 .7  104 99 97
Poly terephthallate 60-40 75.1 102 105 95

~cry lic/PVC (DICE 450) 145 92 100 86

~cry lic/PVC (DICE 475) 119 96 114 103

lylon (Z y te l  ST8O1) 6 2 . 4  100 88 103

Cut Test - lbs. - Ave 3

ellulose butyrate 50.3 93 84 94

Polyterephthallate 80-20 44.8 101 94 103

~o1yterephtha11ate 60-40 35.8 116 97 101

kcry lic/PVC (DICE 450) 61.8 113 104 108
Lcry lic/PVC (DICE 475)

jNYlon (Zytel STSO1) 40.3 64 63 86

~Specification

*Immersed in distilled water.

- . . . — 
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