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CORROSION AND CORROSION CONTROL OF TRAWL WIRE ROPES

I. INTRODUCTION

About 250 trawlers from Washington, Oregon and Northern California

drag the continental shelf for black cod and other valuable fish.

These trawlers range between 40 and 90 feet in length. Yearly upkeep

costs on such boats are considerable and are a large factor in

determining the profit a fisherman earns. It is understandable, then,

that the fishermen investigate various ways of reducing yearly

maintenance costs and avoiding accidental loss of valuable equipment.

Trawl cables are wire ropes (warps) that connect the boats with

the trawl net being dragged across the bottom. The maximum life

expectancy of a warp is two years and it is not uncommon to replace

a warp once a year. This implies an annual cost of $3000 to $5000 per

boat. Considering the 250 trawlers and the 250 shrimp boats of the

Pacific Northwest fleet, the annual spending to replace wire rope is

considerably higher than one million dollars, not including the

loss of the net when the wire ropes break.

A detailed study of the corrosion of the trawl wire ropes to

define methods of protection is then economically valuable.

Robert D. Malloch (1) outlined the different causes of deteriora-

tion of the trawl line, showing mainly the possible influence of bare

steel trawl panels on galvanized wire ropes. A better understanding

of the problem was obtained from contacts with the fishermen and a

fishing trip off the Oregon Coast. Statistical data about the boats,

the trawling lines and the habits of fishing were obtained from the

questionnaires sent to one hundred fishermen on the Oregon Coast.
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Actual data from tests on the boats are not yet available, and

are replaced in this work by at-dock tests on wire ropes and laboratory

tests on single wires. Valuable knowledge was obtained from these

tests, but it was not possible to run any tests about the influence

of fatigue on corrosion. Though these tests do not simulate

perfectly the actual life of a trawl wire rope, it is possible to use

their results along with theoretical considerations to model the

influence of the most important parameters. This model is built in

such a way that it will be easily extended to more complex cases.

The conclusions may be modified by the results of at-sea tests.

The methods of protection defined in the last chapter are simple

enough to be easily applied by the fishermen themselves.

This work is only a part of a bigger research project whose goal

is to optimize the efficiency of the complete trawl line.

Information which is not directly related to corrosion or corrosion

protection of the trawl line is included in this work, as it may be of

interest for the other parts of this research project.

Most of this study is restricted to the effect of galvanization,

and although organic coatings are important, this thesis does not

examine these coatings in detail.
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II. GENERALITIES

A. DESCRIPTION OF THE TRAWL LINE

The main goal of trawl fishing is to drag the bottom of the

continental shelf for valuable fish such as sole, perch, red snapper,

and mainly black cod.

To achieve this goal, fishermen use gear which is designed

for and adapted to local fishing habits. The standard line is

essentially composed of (Fig. 1, page 6, and Fig. 2, page 6)

a) two long wire ropes (warps) which transmit the pulling effect

of the boat on the surface to the net on the bottom. On each warp

we can find:

On board:

b) one winch coupled to a drum on which the warp is rolled up and

down

c) a big pulley block to direct the warp out of the boat

On the bottom:

d) a trawl board or door which acts with its twin on the other

side as two hydrofoils to open the net under the speed of the boat.

and which drags the bottom.

e) the mud lines between the door and the net

f) and finally, the net designed as a cone with an opening as big

as possible and a very deep and narrow pocket where the fish are

trapped. The actual design of each net varies with the area, the

type of fish, the type of bottom, the owner's needs, etc.



Figure 1. Description of the Gears Related to the Trawl Line
on the Deck of a Fishing Vessel.
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Figure 2. Example of a Complete Trawl Line: The Granton Trawl (2)
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W. Dickson (2) made an interesting study of a specific trawl

line (fig. 2). The numbers are not to be generalized, though they

agree with the average boat of the Oregon Coast (Appendix 2), but they

give a good picture of the line. It is interesting to note the

breakdown of the load in the various parts of the gears:

Netting and Net Appendage 58%

Ground Cable and Danlenos 3%

Trawl Boards 29%

Warps 10%

100% of tension
on the wire rope

B. CORROSION THEORY IN SEAWATER

When low carbon steel or rough iron is in contact with seawater.

several forms of corrosion can occur. They can be classified under

5 different types:

1) Uniform

2) Galvanic

3) Occluded cells

4) Stress corrosion

5) Erosion corrosion

All types of corrosion are due to a difference of state between

two points of the surface of the metal, either in the metal (difference

in composition, in stress, in state of surface) or in the electrolyte

(difference in temperature, in concentration of ions or gases, in

suspended solid, in flow speed).
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1. Uniform Corrosion

Between 0°C and 20°C and at pH of 8 to 8.2 (seawater) metallic

iron is not thermodynamically in its most stable form. It then reacts

to Fe++ and Fe+++ with oxygen oxidation (aerated water) or with water

hydrolysis (deaerated water) until a more stable state of surface is

reached or until there is no metal left.

2. Galvanic Corrosion

When two metals of different potentials are coupled and immersed

in an electrolyte as seawater, this forms a battery. The metal with

the lower potential is the anode and will corrode to protect the other

metal, the cathode. The higher the driving force (difference of

potential) and the lower the resistance (resistivity of seawater), the

higher the corrosion rate.

Actually, the difference of potential is defined by the standard

potential of each electrode and by the activities of the different

ions involved in the reaction (Nernst equation). If hydrogen

evolution occurs, the difference of potential must be higher than

the hydrogen overvoltage of the cathode.

This reaction may be slowed down or stopped by a film of oxides

which isolates one electrode from the electrolyte. This is called

passivation.



The basic example is the couple iron-zinc

at the anode (Zinc) Zn Zn
++

+ 2e

at the cathode (Iron)

Fe
++

+ 2e i Fe

or

2H
+

+ 2e -4- H
2

8

3. Occluded Corrosion Cells - (O.C.C.)

When the ions in the electrolyte cannot be evenly distributed

over the surface of the metal because of a special geometry (wire

rope is a good example), or because of solid deposits on the surface,

O.C.C. can appear. In such cases the chemical composition within the

cavities may be very different from the main solution, due to hydrolisis

in the cavity (3) (See Figure 3, p. 9).

Usually the anodic action occurs in the cavity where the

solution is acid and deaerated and the cathodic action occurs outside

of the cavities where the solution is more alkaline and aerated (3).

Whatever sort of geometrical shape, cavity, crevice, or pit. the

composition of the electrolyte inside is nearly the same for the same

metal or alloy.

For iron or carbon steel;

outside
or

(cathode)

Inside

(anode)
or

0
2
+ 4H

+
+ 4e

-
2H

2
0

(high pH)

0
2

+ 2H
2
0 + 4

e
-4- 40H

Fe .4- Fe
++

+ 2e

(low pH)

3Fe
++

+ 4H
2
0 . Fe

3
0
4
+ 8H

+
+ 2e
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H2O

outside: oxygen dissolved

pH = 8

potential = + 0.2 V
she

inside: no oxygen dissolved

pH = 4

potential = - 0.4 V
she

Figure 3: Occluded Corrosion Cell. (3)

* standard hydrogen electrode
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When these two reactions are coupled there is a transport of

electrons in the metal and a transport of anions (-) from the cathode

to the anode to keep the electroneutrality of the solution uniform.

When chloride ions are present as in seawater, they are likely

to be brought into the crevice where they combine with hydrogen ions

to make the very aggressive hydrochloric acid.

4. Stress Corrosion Cracking

When a piece of steel is under sufficient stress and immersed

in a corrosive medium,several actions can be observed:

a. grain boundary corrosion:

The composition of the metal in the grain boundary is different than in

the grain causing a local galvanic cell; i.e., a pre -existing active

path is involved. If the stress is important enough, mainly if it

goes from elastic to plastic conditions, the grain boundary starts

cracking, improving the local action cell (4).

If the boundary is either anodic or cathodic with respect to the

grain, two different mechanisms can occur:

a) the grain boundary is anodic and will corrode, inducing an

hydrogen evolution on the grains.

b) The grain boundary is cathodic, and the grains close to it

will corrode, inducing an hydrogen evolution on the boundary,

This would be expected to result in transgranular cracks,

b. strain generated active path mechanisms

Due to stress or strain, a rupture in the lattice can provoke either a

rupture in the oxide film, or a slip step in the crystal. These two

actions can lead to a crevice by repetition of the same action on the
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same weak spot (4).

5. Erosion Corrosion

The erosion action on a corroded piece of steel may break and

wash away the oxides present on the surface. This leads to a

thermodynamically unstable state of surface, with no oxide film to

slow down the ionic or gaseous diffusion to the surface, and then to

a high local corrosion rate. If the erosion action is continuous, the

corrosion rate is then much higher.

Fink and Boyd (5) say:

"When there is suspended matter in the seawater, the

combined erosion-corrosion can be much more severe than the

sum of the individual erosion and corrosion effects when

each is determined separately".

C. INFLUENCE OF THE DIFFERENT PARAMETERS ON CORROSION IN SEAWATER

1. Salinity

The salt content of the ocean is an important factor for two

reasons:

a) 55% of the ions are chloride which prevent any passivation of

ferrous metal.

b) Salinity makes the seawater a good electrolyte with a strong

electrical conductivity and makes it possible for anodes and cathodes

to operate over long distance.

There is no significant variation in corrosion rate when salinity

varies by 10 ppt above or below its average value of 35 ppt (6, p. 113).
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2. Oxygen content

All the studies about the influence of oxygen content on corrosion

rate of ferrous metals show that between 0. and 8 mg/1 the variation is

linear, if everything else is constant (4) (6) (7).

3. Temperature

At constant oxygen content an increase in 30QC doubles the corro-

sion rate (6).

The influence of variation in temperature between the surface

of the ocean and the different depths is nealigible compared to the

influence of the variation in oxygen content.

4. Pressure

The variation in total pressure does not affect general or

galvanic corrosion, but may affect the occluded corrosion cell (O,C.C.).

At one atm., the solution in the O.C.C. is saturated with hydrogen (3).

When this O.C.C. is put under pressure (5 to 50 atm.) the saturation

level in dissolved hydrogen increases as a function of the pressure,

and hydrogen evolution continues towards saturation. If this O.C.C.

is brought back to lower pressure, hydrogen over the saturation level

vaporizes and some embrittlement may occur, The repetition of this

action several times a day may be an important factor in the aging of

metal. And this action can be even stronger if important stress and

shocks are occuring when lowering the pressure.

5. Velocity

Corrosion rate is increased, especially in turbulent flow. Moving

seawater may destroy rust barriers, and provide more oxygen, Impingement
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attack tends to promote rapid penetration.

A turbulent flow may bring enough oxygen to the surface of the

wire rope to make up for depletion of oxygen at fishing depth.

D. PARAMETERS INVOLVED IN TRAWL WIRE ROPE CORROSION

1. Different Kinds of Wire Rope:

a) 6 X 7 or 6 X 19 (refer to Appendix 1 for types of construction).

Looking at the questionnaires answered by coastal fishermen (Appendix 2),

there is no preference for one or the other type.

b) 6 X 19 is designed to be more flexible. Because the wires

are smaller in diameter and there are more layers of wire, the spaces

between the wires are more closed and favor the O.C.C. inside the

warp, i.e., out of the fishermens' view.

c) 6 X 7 is less flexible, but is easier to survey,

The exposed area to corrosion per unit of length is smaller in

6 X 7 than in 6 X 19.

Galvanized wire rope;

Nearly all the fishermen use galvanized warps. When using

galvanized warps, it is important to determine whether this protection

lasts long enough to be worthy of the difference in price and in total

strengh.

2. Influence of Trawl Gears:

a. Bare steel doors

The fishermen say unanimously that the bottom part of the wire

rope deteriorates quicker than the other parts. One hypothesis is

that the warps, galvanized or not, galvanically protect the trawl doors.

One can see on this portion a gradient of corrosion. The fishermen
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react by discarding part of the warp close to the door. (See Appendix

2, Gradient of Destruction of the Wire Rope). This action can only

occur when the line is immersed.

b. Drums

When the warps are rolled on the drums pulling up the net full of

fish, there is a strong "crunching" effect on the underlayer of

warp, breaking the formations of brittle oxides. To distribute the

warp on the drum, a bar of steel is used as a lever. This favors a

strong abrasion of the outer layer of wires. This lever must be

changed two or three times a year because it wears out.

c. Pulley_ Blocks

To avoid any influence on wire rope endurance properties, the

pulley to rope diameter ratio must be greater than 25 (8).

To avoid the influence of the pulley, the angle of lap of rope on

it must be less than 10°. From 20° to 80°, the influence is approximately

the same, and is a function of the pulley to rope diameter ratio.

If an old pulley carries the prints of the wire rope, it has a

very bad mechanical effect on the strands.

3. Influence of the Different Marine Environments

The warp throughout its lifetime is exposed to different marine

environments (Appendix 2). The action of each of them is described:

a. Marine Atmosphere

When the boats are in the port between two trips, the warps are

exposed to sea spray and to rain. This allows the different forms

of corrosion to continue. Sunshine acts by stimulating photosensitive

reactions on metal-like iron.
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b. Splash Zone

When the boats are out on the sea, all the gears on the deck are

continuously wetted by spray or by waves. This is the zone where

corrosion rate is the highest (4) (5) (6) (9).

c. Completely Immersed

While fishing, the warps are immersed to different depths. If

they were at rest, the corrosion rate would be directly proportional

to the amount of oxygen dissolved (7). Knowing that the greater the

depth, the less oxygen dissolved (Appendix 3), if this were the only

parameter involved, the bottom part would almost completely be void of

corrosion. But, erosion corrosion, alternation of high and low pressure,

influence of bare steel panels, water flowing around avoiding oxygen

depletion, and alternation of immersion period and on the deck period

will strongly modify this picture.

4. How to Test the Different Parameters

After defining the parameters involved, the goal of this research

is to test them to:

a) figure out which parameters are the most important.

b) extrapolate to the real case.

Then we shall be able to decide what are the most efficient and the

most practical ways to slow down the corrosion and deterioration of

warp.

Because at-sea tests are not easy to run, and fishermen have to

take care of fishing before testing, other tests had to be run while

looking for possible help from the commercial fleet. Some tests are

being run now, but test results will not be available before the end

of the summer.
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Two kinds of tests were run:

a) at-dock tests on wire rope samples to simulate reality as much

as possible:

samples completely immersed

samples in the tidal zone

samples attached to simulated doors, completely immersed

b) laboratory tests on wires to determine influence of different

parameters individually.

influence of galvanization

influence of coiling wires together

influence of tension alone

5. Restrictions:

Fatigue tests were tried at docks. This could have been a good

simulation of actual trawl lines, but the test gave no significant

results because it was not possible to put a big enough tension on

the wire rope for security reasons. It is not possible either to test

the influence of fatigue on corrosion of wires (scaling is against the

physical capacities of the equipment). Then the data which cannot be

obtained must be replaced by theoretical consideration.

At-sea tests will either prove or modify the conclusions of this

work.
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III. EXPERIMENTAL RESULTS

A. AT-DOCK TESTS ON WIRE ROPE

From the conclusions of R. Malloch (1) and the analysis of the

questionnaires submitted to the fishermen, it can be expected that the

trawl doors have an important action on the bottom part of the warps.

Alternation between diving periods and the on-deck periods were

also tested.

Three different tests were run:

a) the wire rope samples were completely immersed.

b) the wire rope samples were in the tidal zone (mid-water).

c) the wire rope samples were in electrical contact with simulated

trawl doors and completely immersed.

1. Construction of the Tests:

For this test the wire rope used is 1/2" in diameter, construction

6 X 19 (refer to appendix 1 about wire rope construction), inside rope

core in nylon. It is made in Korea,

The tests are run at the Marine Science Center in Newport, Oregon.

The seawater temperature is 10°C, and the oxygen content is 6.4 mg/1 02

(Appendix 3). They are as follows:

a) completely immersed - three 15.ft. long samples are fixed on

a wooden frame, and immersed under a floating dock just below the surface,

b) in the tidal zone - three 15 ft. long samples are hung up at

mid-tide level under a fixed dock.

c) completely immersed and in electrical contact with simulated

door - three times, three 5 ft, long samples are attached to a simulated
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door, and immersed under a floating dock. This special disposition is

to test the part of the wire rope close to the door only. The results

are detailed in Table III-1, page 19, and then plotted on Figure 6, p. 20.

- ALL THE SAMPLES ARE AT REST - Each month, 15 ft. of wire rope

in each case are picked up and tested.

They are tested for the amount of weight loss and for the variation

in breaking strength following the procedures described in Appendix 4 and

5.

About the Simulated Trawl Doors:

The fishermen figured out that the warps corrode much quicker at

the bottom end. The approximate length upon which this influence is

sensitive is 25 fathoms (f m) from the doors (1 f m = 6 ft = 1.8m).

This formula can be used to approximate the size of simulated doors,

extrapolating for the exposed area (corrosion is directly proportional

to exposed area):

for the same kind of wire rope

A
real

= area of a real door

Asim = area of a simulated door

length of samplejf
A = A

real
x

25 f m * 6
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2. Results

Table III-1

At-Dock Test on Wire Rope:
Weight Loss (%) versus Time (month)

New Sample: 5.592 g/cm

Zinc Coating: .333 g/cm 6% by weight

COMPLETELY
IMMERSED

TIDAL ZONE ATTACHED TO DOOR
- -

1 month 2.81% 1.4% 7.1 M

% OF TOTAI

2 months 3.8% 2.4% 9.6% WEIGHT

3 months 9.9% 6.8% 14.3%

ACCURACY: + 1%

Even if these results are not very precise, they will give an

order of magnitude of the corrosion rate.

Because wire rope is an industrial device, and because the way

it is used can vary a lot from one boat to another, very precise results

cannot be expected. Results are used only to obtain orders of

magnitude of corrosion rate.
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TABLE 111-2

Breaking Loads

- Speed: 50 lb/mn

New: 22,500 lb

21,350

22,400

Galvanized W.R,

1/2" 6/19

Made in KOREA

21

COMPLETELY IMMERSED TIDAL ZONE
IMMERSED AND
ATTACHED TO DOORS

1 month 20,100 21,750 21,900

22,500 lb 22,800 lb 22,800 lb

22,300 21,150 22,500

2 months still some Zn still some Zn 19,750 lb

coating coating 22,750

3 months still some Zn still some Zn 22,650 lb

coating coating 22,700

As long as there is still some zinc coating on the wires, it

can be assumed that the breaking load does not change because:

a) the strength of the zinc coating is negligible considering

the strength of the wire itself.

b) the zinc is still protecting the steel.

There is no significant variation in the breaking strength

test of any sample in this experiment.
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B. LABORATORY TESTS ON SINGLE WIRE

The tests run at docks at the Marine Science Center give us an

approximate picture of trawl warp corrosion. To have a better view,

some more basic tests to show the influence of each parameter alone

were needed.

Instead of running tests on wire ropes, where all the forms of

corrosionwerepresent, plus some fouling, plus some variation in the

seawater, tests on single wires in the laboratory were run.

a) tests to figure out the value of galvanization

b) test the influence of coiling wires together

c) test the influence of tension alone

The wires used come from a wire 1/2 inch in diameter, construction

6 X 19, galvanized, inside core of nylon, made in Korea.

The inside layer of wire in each strand is used for experimentation.

The diameter of the wires is .61 mm with .13 g/m zinc coating.

The tests are run in 55 gallon plastic tanks filled with

seawater at constant room temperature (20 °C) and saturated with air

at 8 mg/1 of TheThe seawater comes from the Marine Science Center

on the Yaquina Bay in Newport and has a salinity of 26 ppt.

Notice: Several tests were run with nongalvanized wires. They are

the same wires, but the galvanization is taken off by bathing them in

a dilute HC1 solution ( =10 %) until there is no more hydrogen evolution.

The acid action is then neutralized by a bath of dilute NaOH and

rinsed with abundant tap water.
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1. Testing the Value of Galvanization

a. Construction of the test

1. ten galvanized wires alone = GA (Figure 5, p. 25)

2. ten galvanized wires completely immersed and attached to

a sheet of bare plow steel with the same area as all ten wires together

(Figure 6, p. 26):

galvanized attached to door = GD

3. ten non-galvanized wires alone - NA (Figure 7, p. 27)

4. ten non-galvanized wires attached to another sheet of bare

steel (Figure 8, p. 28)

5. ten of each, tested when they are new

The advance in corrosion was followed with three different

measurements:

a) weight loss expressed in %

b) potential vs. a copper-copper sulfate reference electrode

c) breaking load

The following comparisons can then be made:

a) the effect of galvanization on the conservation of strength

of the wires in comparing 1 and 2, then 3 and 4.

b) the influence of being in electrical contact with a piece of

bare steel in comparing 1 and 3, then 2 and 4.

The length of the wires is defined by what is needed for the

breaking test: lm.

Notice: All the wires used in the experiment theoretically have the

same physical properties.

Practically, some small variations can be seen L1Q% of the
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diameter). Because each wire is measured before and after, and is

labeled, it does not matter for the potential measurement and for the

weight loss. But for the breaking load, it was not easy to figure

out what could have been the breaking load of each wire when

it is new. Then the data from the breaking loads are not completely

reliable, and will be used only as a picture to help reasoning.

b. Scattering of the data

To figure out the statistical distribution of the data, two

tests were run, getting all the samples out at the same time, then

supposedly giving the same results.

4 wires: non-galvanized alone (after 310 hrs.)

weight new (g) 1.975 1.914 1.928 1.891

weight after (g) 1.634 1.783 1.773 1.752
310 hrs.

% weight loss 17.27 6.87 8.04 7.36
corroded

One sample is completely out of the range. For the 3 other samples:

= 9.88 s = 4.95

These three points are slightly off the curve because this test is

run in a slightly warmer water than the preceeding test (±2°C).

4 wires: galvanized attached to simulated doors (after 96 hrs.)

weight new (g)

weight after
96 hrs (g)

% weight
corroded

2.045 2.044 2.183 2.054

1.921 1.934 2.061 1.945

6.08 5.46 5.61 5.30

= 5.61 s = .34
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Steel Panel. Weight Loss (%) versus Time (hrs).



c. Results

29

TABLE III-3

Laboratory Test on Single Wire;
Testing the Value of Galvanization

Potential measurement (_0 versus time (ftrs)

Potential Measurements*

Time

(hrs)
GD ND GA NA

0

10 1.05 .53 1.05 .59

34 1.00 .48 1.05 .68

64 .97 .47 1.04 .56

109 .74 .5 1.04 .65

175 .93 .49 .98 .66

226 - - .95 .65

330 .70 .53 .89 .62

399 .80 .50 .84 .65

540

540

GD = galvanized wire attached to simulated door

ND = non-galvanized wire attached to simulated door

GA = galvanized wire alone

NA = non-galvanized wire alone

* versus a copper-copper sulfate reference electrode
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Breaking Load Measurement

In breaking 14 new wires to obtain a reference, four groups of

wires with some slight variation in physical properties show up.

TABLE 111-4

Laboratory Test on Single Wire:

Breaking Loads of New Wires [lb]

98 107 111 125

96 108 112 132

97.5 108

109

107

109

For all the 14 new samples

average: X= 109.2

variation: s = 10.12
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TABLE 111-5

Laboratory test on single wire; testing the influence of galvanization

Breaking Load Ilbj versus time (hrs)

time
(hrs)

GD ND GA NA

10 102 118 104 100

34 99 130 102 103

64 101 105 110 99

109 118 105 119 9.2

175 104 106 103 87

226 105 99 114 93

330 112 9.7 102 99.

339 96 98 104 -

540 104 107 10.5 81

540 108 106 106 63

No significant variation except for NA
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d. Comments

Observation After 400 Hours of Experiment

Some strong rust spots on NA can be seen at the bendings and

where two wires are coiled together. A deformation induces an anodic

area and two wires together induce a strong aeration cell.

Some small spots of rust on GA appear, but nothing significant;

the zinc oxide film keeps protecting the steel of the wires.

On ND, the plate of steel acts as an anode protecting the wire.

It is heavily rusted, not the wires.

On GD, when the zinc coating is corroded away, two phenomena act

together to protect the wires:

a) the door acts as an anode

b) the oxide film protects the steel

Observation After 540 Hours

On NA, the wires break at the bendings when pulled out.

At those spots, they are completely eaten away.

Comparison of Galvanized Wire Attached to Simulated Door (GD)

with Galvanized Wire Alone (GA)

The zinc coating is eaten away between three and four times

quicker in GD than in GA. The time scale is different: five to

seven times quicker in the laboratory experiment than at-dock tests.

This difference in corrosion rate can be broken down in this way:

a) difference in water temperature

in lab = 20°C, at-dock = 10°C

The corrosion rate is multiplied by 1.3 for an increase of

temperature of 10°C (6).
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b) difference in dissolved oxygen

in lab = 8 m1/1, at-dock = 6.4 m1/1 (Appendix 3)

The increase of corrosion rate due to oxygen dissolved will be

1.25 (6).

These two actions are additive and are then responsible for an

increase of 1.6 times the corrosion rate.

The influence of the construction inducing diffusion resistance

is then responsible for a slow down of around 4 times for the corrosion

rate. This is for samples at rest only.

Comparison of Non-Galvanized Wire Alone (NA) and Non-Galvanized

Wire Attached to Simulated Doors (ND)

In ND, an unexpected action appeared:

The steel plate anodically protects the wires. This is

perfectly clear if the weight loss curve of NA and ND are compared.

This action is due to a slight difference of potential between

the steel of the door and the steel of the wires. At rest in the

laboratory, this action can be seen. But in reality, a lot of other

actions will tend to overcome this effect, rendering it negligible.

2. Experiment to Test the Influence of Tension on the Corrosion

of Wire, Galvanized and Non-Galvanized

a, Construction of the test

Pieces of wire which are long enough to run breaking strength

tests are used.

Four galvanized wires are put under different tension (different

percentage of the breaking load) (Table 111-6, p. 34), Four non-galva-

nized wires are tested in the same way (Table 111-7, p. 35).



34

Each piece of wire is tested independently for its weight

loss at the end of the experiment.

b. Results

TABLE 111-6

Laboratory Test on Single Wire: Testing the
Influence of Tension on Non-Galvanized Wires

wires 1 2 3 4 blank 1 blank 2

tension (lb) 15 30 45 60 0 0

weight new (g) 2.456 2.475 2.321 2.614 2,520 2.715

breaking load
new (lb) 102 102 96 100 99 115

after 50 hr.

weight old (g) 2.351 2.369 2.225 2.511 2.425 2.614

% loss 4.29 4.26 4.11 3.99 3.76 3.72

breaking load (lb) 79 72 76 77 79 93

% loss 22.55 29.41 20.83 23.00% 20.2 19.13



35

TABLE 111-7

Laboratory Test on Single Wire: Testing the
Influence of Tension on Galvanized Wire

wires 1 2 3 4 blank 1 blank 2

tension (lb) 15 30 45 60 0 0

weight new (g) 2.715 2.691 2.657 2.714 2,120 2.089

breaking load
new (lb) 100 98 98 102 96

after 255 hrs

weight old (g) 2.605 2.580 2.552 2,595 2.044 2.002

% loss 3.98 4.10 3.95 4.37 3.58 4.16

breaking load
old (lb) 106 103 99 107 105 101
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c. Comments

On galvanized or non-galvanized wires, there is no significant

influence of tension alone on the corrosion rate. This agrees with

L.L. Sheir (4) who expresses that because there is no plastic

deformation due to a too important stress or due to fatigue, the

influence of stress on corrosion is negligible, because the oxydation

products are not broken and washed away.

3. Testing the Effect of Contact Between Wires

During preceding experiments it was seen that when two wires are

in contact, a strong aeration cell can be seen around the contact point.

The decision was then made to test the influence of this action on

corrosion rate comparing the weight loss vs. time curve of one wire

alone with three wires coiled together and then with five wires.

a. Construction of the Test

To figure out if the local cells' action when several wires are

together is stronger than the anodic action of a slightly anodic sheet

of steel, two series of tests are run only on non-galvanized wires:

a) five times a set of three wires coiled together, completely

immersed (Table 111-8, p. 37).

b) four times a set of five wires in the same shape alone, at rest

(Table 111-9, p. 38).

c) five times a set of three wires coiled together, in electrical

contact with a simulated door, at rest (Table 111-8, p. 37).

d) four times a set of five wires in the same shape (Table 111-9,

P. 38).

Data are obtained in measuring the weight loss (% of total weight)

of each sample vs. the time they stay in the water.
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b. Results

TABLE 111-8

Laboratory Test on Single Wire: Testing the Effect of
Contact Between Wires: Three Wires Coiled Together

one set = three wires coiled together

five sets alone

Sets 1 2 3 4 5

weight new (g) 5.795 5.921. 5.695 5.917 5.800

duration (hr) 159 215 353 408 526

weight old (g) 5.573 5.616 5.336 5.425 5.237

% weight loss 3.84 5.14 6.32 8.31 9.71

five sets attached to simulated doors

Sets 1 2 3 4 5

weight new (g) 5.930 5.704 5.909 5.913 6.130

duration (hr) 159 215 353 408 526

weight old 5.800 5.557 5.750 5.836 5.987

% weight loss 2.2 2.58 2.68 1.30 2.33
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TABLE 111-9

Laboratory Test on Single Wire: Testing the Effect
of Coiling Wire Together; Five Wires Together

one set = five wires coiled together

four sets alone

Sets 1 2 3 4

weight new (g) 6.514 6,451 6.522 6.430

duration (hr) 98 242 336 458

weight old (g) 6.265 6.000 6.002 5.825

% loss 3.81 7.04 7.96 9.41

four sets attached to simulated doors

Sets 1 2 3 4

weight new (g) 6.518 6.475 6.456 6,357

duration (hr) 98 242 336 458

weight old (g) 6.476 6.332 6.254 6.196

% loss .6 2.21 3.14 2.53
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c. Comments

A cross section of a wire rope, shows a complex structure made

of single wires. When this structure is immersed in an electrolyte,

the reaction of corrosion will occur on the exposed surface of all

the wires.

This picture looks like the reaction of a porous solid made up

of small particles. A model can be made of the corrosion according

to the grainy pellet model (10).

The assumptions for this model are:

a) all the wires are cylindrical and of the same size.

This is not completely true in this case, because usually a wire

rope is built up from wires of different sizes, but the variation

in diameter is small.

b) all the wires react according to the shrinking core model.

The two parameters are:

T
wire

= time for complete corrosion of a wire in seawater

T
diff

= time for complete corrosion of a wire rope by diffusion

if T
wire

= 0

In this case, T
diff

« T
wire

Then negligible diffusion resistance occurs. Assuming that all

the wires corrode at the same time and in the same way, the shrinking

core model can be applied. Looking at the corrosion rate of one,

three, or five wires coiled together at rest and out of the influence

of a bare steel panel, it can be seen that:

a) the corrosion rate of a single wire is controlled by the

diffusion of the ions involved in the reaction through the liquid

film surrounding the wire (film diffusion).
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b) the corrosion rate of five wires coiled together is controlled

by the diffusion of the ions involved in the reaction through the

oxide film (ash diffusion).

the corrosion rate of three wires coiled together is in between.

d. Conclusions:

A complete wire rope is expected to behave more like five wires

coiled together, but only when this wire rope is corroding at rest.

When subject to stress and fatigue, nearly all the oxide film

present on the surface of each wire of the wire rope will be broken

and washed away. The corrosion rate of real fishing line should be

then controlled only by film diffusion.

When examining the same wires under the influence of bare steel

panel, no conclusion can be drawn with respect to the grainy pellet

model. But, assuming at the same time that for a working wire rope

all the oxide film is washed away, the corrosion rate will always be

the initial corrosion rate of five wires coiled together, This

rate appears to be close to the corrosion rate of a single wire away

from a bare steel panel.
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IV. MODELLING

MODEL FOR THE CORROSION OF GALVANIZED WIRE ROPE IN ELECTRICAL

CONTACT WITH A BARE STEEL TRAWL DOOR

1. Theory

The deterioration of the trawling line is regulated first by the

corrosion rate of the zinc coating at each point along the wire rope.

As long as there is some zinc left at a point there is no damage of

the steel due to corrosion at this point.

The goal is to model this corrosion and, using the experimental

data and some theoretical considerations, be able to foresee the

corrosion behavior of wire rope in reality.

M.H. Peterson (11) and then H.R. Uhlig (6) developed a model

which can be used as a starting point for this work.

Consider a longitudinal cut in the wire rope at a distance x

from the point of contact of the bare steel door.

z

E
x

E
x

- dE

R
L

I
x

x x + dx

Figure 11: Model of Corrosion: Schematic Longitudinal

cut Through a Wire Rope at a Distance x from the Door



4

i

x
= current density at the wire rope surface at x from the door [A/m

2
]

I
x
= total current in wire rope at distance x [A]

E = difference between measured potential and corrosion potential

of wire rope [V]

r = equivalent radius of the wire rope calculated from the total

wetted perimeter [m]

R
L
= resistance of metallic wire rope per unit of length [c /m]

z = resistance of film oxide per unit area [St /m2]

dI
x

dx

Combining (1) and (2):

- 2*li*r*i
x

dE
x

dx
L* x

d
2
E

R *(2*Er*i )

dx2

(1)

(2)

At small values of i
x

, polarization of the wire rope surface is a

linear function of the true current density ix' on the bare area

Ex = kl*ix-

Assuming that the resistance z per unit area of film is inversely

proportional to the total open area per total unit area, true current

density increases with z.



then:

E
x

= k*z*i
)c

with k = k
1

*k
2

the differential equation becomes:

d
2
E R *2*P*r*E
x L x

dx
k*z

For an infinite wire rope, it has the solution

where

Ex = Ea *exp[-(RL*g)2*x]

2*11*.r

k*z

and with the boundary conditions:

E = 0 at x

E = E at x = 0
X a

(3)
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The variation of mass per unit of length due to corrosion can be

related to the density of current through the surface at a point a by

Faraday's law; assuming the corrosion rate to be independent of

time:

dm
M*i

x
*t

dx n*F*2*11*r*Ax

dm M*t *
dI

x
dx n dx

M = atomic mass of zinc = 65,38(g)

n = equivalence number = 2

F = 96500 (c)

t = time (s)

m = mass of zinc (g)
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dI
x

can be calculated from equation (1) replacing i
x
by its value

dx
function of E

x

J(x) =

dI
x

=
g*E

a
*exp[-(g*R

L
)2*x]

dx

(4)

Introducing G, the mass of zinc per unit of length of new wire rope,

the variation of mass can be expressed in % loss:X

or by putting

M*t
X * 3(x)

n*F*G

c
n*F*G

X(x)

t (5)

X(x) represents the % mass loss per unit of time due to the influence
t

of the door. To have a complete picture of the corrosion of the zinc

coating we have to superpose this to the % mass loss per unit of

time due to uniform corrosion.

Looking at the time needed to completely corrode the zinc coating

(X = 1) for any point x:

t(x)
tfinal(x)

when X X(x) 1

uniform

we know that X
uniform XI

= a
t tx=0

X(x) xu
t
final J(x)*c J(x)*c

1 a*tfinalt
final J(x)*c

1

tfinal a+c*J(x)
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or in a more explicit way:

1 (6)
t
final XI

c*q*Ea*exp[-(g*R.L)1/21,x]

this is for completely immersed wire rope only, when it undergoes

these two forms of corrosion during the same amount of time.

In this expression is known from the experimental data,

C and R
L
are known physical constants and g can be estimated from

equation (5), putting x at a point where 2 is known (usually x = 0),

X
from which :El

x=0,,
must be subtracted first. E

a
can be estimated from

theoretical considerations: E
a

is the difference between measured

potential and corrosion potential of the wire rope at the junction

wire rope and bare steel panel (x = 0).

Because the trawl door is continuously dragging on the bottom

of the ocean, it can be assumed that there is always enough exposed

area of bare non-polarized steel to haVe E
corrosion

close enough to

E
Fe

in seawater.

One can see:

A

Ern

Gorr /05 (

Figure 12: Polarization Curve; Potential [V] versus log ( fAim2]



Ea = Ezn E
corr

E
a

= E
zn

- E
Fc

= .5V (in seawater)

2. Application of Data from At-Dock Test

data: XI = 3.9*107[s-1]
t x =0

XI = 1.5*10
-7

fs
-1

]

fl x=0.

RL = 1.4*10
-3

[Q /m]

X. corrected = 2.4*10
-7

Is
-1

]

flx=0

G = 33.3[9/m] -+ 1.01 * 10-5 = c

from eq (5):

then

X1
g = Tlx=0 corrected * 1

a*

g = 4.75*10
-2

[c27w1]

1

1.5 * 10
-7

+ 2.4*10
-7

*exp(-8.2 * 10
-3

*x)

or if we express it in days

t (day) =

1

0.013 + 0.0207*exp (-8,2 * 10-3*x)

3. Extrapolation to Real Situation:
1

The coefficient g which has the unit of Tt*m is representative

of the average conductivity of the zinc oxide film covering the

exposed area of the wire rope.

Actually, on a trawl boat, the immersed wire ropes undergo shocks

and fatigue. This action will wash away the main part of zinc oxide

48
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accumulation, exposing nearly directly the total surface area of each

wire in the wire rope.

To estimate g in this case, we can use the results of laboratory

experiments on single galvanized wire. We shall calculate g from

this experiment and then scale it up for the exposed area g =
[ITT]

in in scaling up r, the equivalent radius.

We shall then modify the relative importance of uniform corrosion

and corrosion due to the door according to the data from the questionnaire

sent to the fishermen on the Oregon Coast in equation (6).

a) estimation of g using laboratory tests on galvanized wires
attached or not to simulated doors

x=0
= 3.81,10

-6
js

-1]

i1x=0 corrected = 2.661,10-6 [s-1]

1.14*10-6[s-1]

G = 0.085 [g /m] C = 4*10-3$

R
L
= 0.354 Wm]

From equation (5)

1

g = Fix.° corrected *
` a*

gwire
1.3*10-3[1/Q*m]

b) scaling up g by ratio of the equivalent radius of the wire

rope by the radius of the wire.

r
equivalent

0,105m

ratio = 175

r
wire

= 6*10-4f d

gwr
24,k*zil*r

* ratio = 1.3*10
-3

*175 = ,23[1/n*m]
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b) modifying eq (6) according to the relative time during which

the wire rope undergoes the two different forms of corrosion.

The wire rope during its life stays on the average 25% of its life

in immersion; then:

or

then

X(x) X(x)
real * 0.25

X(x) real
X4x)

u

X(x)

4

=
(1 X

u
) * 4 (1 - a*t total) * 4

t
total

3(x) C 3(x) * C

1
t
total c * J(x) + 4 * a

This is to be applied to the constants of the wire rope with

the g computed above:

t
4

total
4 * 1.5 * 10

-7
+ 1.01 * 10

-5
* .23*exp[-(.23*1.4*10

-3 1/2
x]

t
total

1

1.5 *10-7 + 5.80 *10
-7
*exp (-1.79*'10

-2*x)

or if we express it in days:

t[day] =

0.013 + 5.01 * 10
-2
*exp(-1.79*10

-2
*x)

We shall plot (in Fig. 13. p. 51) the time needed to completely

corrode the zinc coating at each point along the wire rope in two cases:

a) at rest, based on at-dock tests.

b) in reality, taking in account the variation of resistance

of the zinc oxide coating and the relative time during which the wire

rope undergoes the different kinds of corrosion.
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Figure 13: Time to Corrode Completely the Zinc Coating versus

the Distance from the Bare Steel Trawl Door

(1) at rest

(2) simulation of the real trawl line
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Note: In the two cases, at rest and working, the same time is needed

to corrode the zinc coating without the influence of the bare steel

trawl door (uniform corrosion). This must be correct, because the

uniform corrosion is independant of the amount of zinc oxide.

When the zinc coating is eaten away, the bare steel starts to

corrode, decreasing the mechanical properties of the line. We have

seen that it can be approximated by a uniform corrosion rate defined

by the experiments on single wires. Including the corrections due to

the difference in environment between laboratory test and the ocean

off the Oregon Coast, the rate can be estimated as:

x .1 1
x

10% 10%

t 500 hrs 1.6 33 days 1 month

Six months after all the zinc coating is corroded, the wire

rope has lost around 50% of its maximum breaking load. If the

security coefficient chosen by the fishermen is only two (breaking load

of the new wire rope/maximum possible load), the chances of breaking

the trawling line and loosing the net and all the bottom gears are

great.

4. Comments:

In this model, galvanized wire rope is considered without any

organic coating (grease, oil, tar,...). Organic coatings have a high

electric resistance and then are good insulators. The result i,s that

the influence of the bare steel trawl door on a greased wire rope would

be spread over the entire length of the wire rope, and would not be

significant, because the g term in eq (6) becomes very small. Besides,

a greased wire rope is insulated from the environment, and then the

uniform corrosion would be negligible as it is coated.
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Comparing the experimental conclusions with the analysis of the

questionnaires sent to the fishermen, the grease or the tar the builders

put on the wire rope and in the inside fiber core is responsible for

a long period of protection. In addition, the organic coating is washed

away much quicker on the bottom part of the wire rope than anywhere

else.

5. Suggestion for Further Research:

The next step in this research project would determine how quickly

the organic coating is dissolved in seawater and is washed away. It

could be a function of the different possible organic coatings, of

the different designs of wire rope, of the different materials the

fiber core is made of, or of the way the wire rope is used.

At-sea tests will partly answer these questions.
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V. CONCLUSIONS

METHODS TO PROTECT THE TRAWL WIRE ROPE FROM CORROSION

After the study of the corrosion of trawl wire ropes it can be

determined how to protect the trawl line from corrosion. The methods of

protection must be practical and simple enough to be easily applied by

the fishermen themselves. We can act in different ways:

a) to cut the action of the bare steel trawl door.

b) to reduce the uniform corrosion.

c) to design a galvanic protection of the most exposed parts

of the trawl line.

1. To Stop the Action of Bare Steel Trawl Door

The basic principle is to put a high resistance on the electrical

loop made by the door, the current path through the electrolyte and

each portion of the wire rope.
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Figure 14: Electrical Path Between the Door, the Wire Rope, and the
Seawater

To reach this goal, we can put an insulator between the door and

the wire rope, but the fishermen will not accept this solution, because

it means putting a weak or brittle part at a point on the line which

undergoes severe shocks and abrasion.

Another way would be to put a paint or epoxy on the door. This

will artificially polarize the steel door, lowering the driving force

(Ea) to nearly 0 (et fig. 12, page 47). This is very easy to do.

The third way and the more efficient is to galvanize the door.

This will bring its potential to the potential of the galvanized wire

rope.
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2. To Reduce the Uniform Corrosion

We have seen in the preceding chapter that the grease or tar

which covers the new wire ropes is responsible for its protection

for a relatively long time. The action of the grease is multiple:

to insulate from seawater, to spread the effect of the door, and to

lubricate, avoiding too great an abrasion.

A wire rope regularly greased mainly at the bottom part, can

survive much longer with a maximum safety factor.

The greasing would be much more efficient if it could refill the

inside fiber core and not only be spread over the outside part of the

strands. One method is to pour hot tar or hot grease on the wire rope.

3. To Put a Galvanic Protection on the Most Exposed Part of the Wire Rope

The most exposed part of the line is the bottom part. The only

practical place to put a galvanic protection is on the door or close

to the door. Such a protection would be done with zinc or magnesium

anode on the door, on the bail, or on the very end of the rope. It

would have a double action:

a) to increase the potential of the bare steel trawl door to a

value close to the zinc potential and then cut the action of the

door.

b) to protect the zinc coating of the wire rope, and when it is

corroded away, to keep protecting the bare steel wire rope.

Where to put the anodes?

It is very important to have no resistance to current flow between

the anode and the wire rope to be protected. And the higher the

resistance between anode and wire rope, and the bare steel trawl door,
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the better. This will slow down the effect of the door on the zinc

anode and on the wire rope, keeping the galvanic protection more

efficient longer.

Then, if it is practical, the zinc anode should be on the end of

the wire rope. This should be possible because the last meter or so of

the rope does not go through the pulley blocks and does not have to

bend. If it is not possible to put the anode on the wire rope, the

next choice must be on the bail. It would then be easier to fix the

anode. But, in this case, a very good electrical contact is needed

between the bail and the wire rope. For instance, a plastic coated

electric wire could be bolted on the bail at one end and fixed up in

the splice or in the thimble on the wire rope. This design would be

much more efficient if the door were painted or galvanized, and if

the wire rope were greased. A painted door will cut down the anode

corrosion rate, and a grease coating will spread the anodic protection.

Peterson (11) computed the limit of cathodic protection by a zinc

anode system of a wire rope. The protection goes to 60m for a bare

steel wire rope, and up to 1500m with a good coating.

Example of Calculation of Zinc Anode Weight with a Painted Door

_and an Infinite Bare Steel Wire Rope

From Uhlig (6, p. 401), we can determine the total current flowing

between the anode and the protected wire rope* Taking the physical

constants of the wire rope which is used during the at-dock tests,

results are

Z*E
a
*(

g
*R

L
)1/2

R
L

I = 5.7 A
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From Lennox (12) the actual pounds per ampere * year for zinc in seawater

is 24.8 at 95% efficiency. The weight then is 140 lb/year. This is to

protect an infinite bare steel wire rope, but this value will be much

smaller if the wire rope is already galvanized.

Figure 15: Two Different Ways, of Setting a Cathodic Protection for

the Bottom Part of the Trawl Line
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4. To Avoid Local Weak Points Due to Corrosion

We know that a line like the trawl line has the strength of only

its weakest point. We then have to avoid the local weak points as

splices, 25 fathom marks, and loops. At these points the stress in

the steel is more important due to permanent deformation, and this

greatly improves local corrosion.

An easy way to avoid local corrosion could be to add in the

splices or in the loop a zinc wire, improving a strong local cathodic

protection.
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APPENDIX 1: WIRE ROPE DESCRIPTION

Strands of wire wrapped in various ways around a core make up

wire rope. Fishermen can buy both wire strands and core in several

different forms, which provide varying strengths, durabilities, and

flexibilities.

A basic material used in constructing wire rope is plow steel.

Plow steel, a low carbon steel, is acceptable primarily for applications

where corrosion and abrasion conditions are not severe. It tends to be

relatively soft and of less strength and greater ductility than higher

carbon steel. One higher carbon steel is commonly known as improved

plow steel. As would be expected, improved plow steel is tougher

and has greater tensile strength than normal plow steel, and is the

most commonly used material in constructing wire strands. Extra

improved plow steel, generally the highest grade of straight carbon

steel, has a high carbon content, which gives it low ductility,

greater toughness, and approximately 15 percent greater tensile strength

than improved plow steel. Though it is recommended for severe condi-

tions, its corrosion resistance differs little from either plow steel

or improved plow steel.

In general, plow steel grade ropes are made from steel wire in

the AISI 1050-1060 range, while higher strength ropes are in the AISI

1070-1090 range. Table 1-1 lists the basic composition of these

steels.

The core of a wire rope is the central support structure. It

supports the outer strands and maintains their proper position

under applied loads. Three basic core types are used today:
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independent wire rope core, wire strand core and fiber core.

Materials used for cores are the same as those used for the wire,

with one exception--the fiber core. It is usually a synthetic fiber,

but often sisal, jute, hemp or cotton is used.

Fiber cores, made of synthetic or natural fibers, are more

flexible than metal cores and lend themselves to applications

where the wire rope must conform to a small radius of curvature. They

are resilient and therefore effective when anticipating shock loads.

Fiber core soaking is a pinion-type grease cut with solvent to

lubricate the core offers another advantage. This decreases abrasive

wear on the outer strands and may also increase overall corrosion

resistance.

The individual wires are the basic component of any wire rope

(Fig. 1-1). Thus, the first step in constructing a wire rope is pre-

forming the wires that will eventually compose the rope. A preformed

wire has been preshaped into a proper configuration before assembling.

This removes the tendency to straighten under loads and leaves wires

relaxed in their proper positions,

A certain number of preformed wires are then wound into a strand.

Anywhere from three to 47 wires, and in certain special cases more than

47, may be wound into a single strand. A strand may either be

complete as a wire rope, make up the core of a wire strand core, or

be performed and wound about a core to form a large wire rope,

For a given number of strands and a specific core, there are a

variety of ways of wrapping them together to form a wire rope, Twisting

wires in one direction to form strands, and twisting the strands in

the other direction to form rope, constructs a regular lay rope.. In
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regular lay wire rope, the accepted standard for wire ropes, the outer

wires lay essentially parallel to the longitudinal axis.

Two very important mechanical properties that must be considered

in selecting wire ropes are flexibility and tensile strength. Flexi-

bility is required in varying degrees, depending on the radii of

curvatures encountered in normal applications. Flexibility properties

may be adjusted by rope lay, size of rope, core and wire material.

Generally, as the flexibility of a wire rope increases, tensile

strength decreases. Tensile strength is perhaps the single most

important property of a wire rope. Very high tensile strengths may

be attained by adding wires to the strands, strands to the rope, and

improving the core's strength. However. this decreases the rope's

flexibility and, to a degree, its resistance to shock loading.

To provide corrosion protection, galvanizing wire rope is quite

common. Each wire is individually galvanized, then formed into

strands and ropes. As a rule of thumb, galvanized wire rope has only

90 percent of the tensile strength of bright, nongalvanized rope. This,

of course, must be accounted for in selecting a proper rope.
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TABLE 1-1

Composition of AISI 1050-1080 Steel

SAE # AISI # Carbon Manganese Phosphorus
(% wt) (% wt) (% wt)

Sulfur
(% wt)

1050 C1050 .48-.55 .60-.90 .040 .050

1052 C1052 .47-.55 1.20-1.50 .040 .050

1055 C1055 .50-.60 .60-.90 .040 .050

1060 C1060 .55-.65 .60-.90 .040 .050

1070 C1070 .65-.75 .60-.90 .040 .050

1074 C1074 .70-.80 ,50-,80 .040 .050

1078 C1078 .72-.85 .30-.60 .040 .050

1080 C1080 .75-.88 .60-.90 .040 .050

1085 C1085 .80-.93 .70-1.00 .040 .050

1086 C1086 .86-.95 .30-.50 .040 .050

1090 C1090 .85-.98 .60-.90 .040 .050

Table 1. Composition of AISI 1Q50-1090 Steels, (13)
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Different Types of Wire Rope Used by the Fishermen

The two main types of wire ropes used by the fishermen are

either 6 X 7, i.e., six strands of seven wires each, or 6 X 19, i.e.,

six strands of nineteen wires each , actually, the appellation of

6 X 19 stands for wire rope built with 19, 21, 25, or 26 wires in each

strand. Both types will be galvanized and built around a fiber core.

Comparison of both types:

For 6 X 19 type, the breaking load of a new wire rope is around

10% higher than for 6 X 7 for the same overall diameter. 6 X 19

will be more flexible than 6 X 7, because there are more wires and

the wires are smaller.

6 X 19 will have a bigger exposed area than 6 X 7 for the same

reason. 6 X 19 will have a bigger ratio weight of zinc/weight of

steel and then a better galvanic protection. But when it is gone, the

exposed area of bare steel to corrosion is bigger.

Based on this, the fishermen feel it is easier to survey a 6 X 7

type of wire rope than a 6 X 19 type.
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APPENDIX 2: QUESTIONNAIRE TO THE FISHERMEN

We sent a questionnaire in September, 1979, to one hundred

fishermen from the Oregon Coast. The goal was to obtain some statis-

tical data about:

a) the boats

b) the trawl lines

c)the habits in fishing

d) how they maintain their trawl lines

Twenty-one fishermen answered. Five of them agreed to run tests

on their boats. Next is an example of the questionnaire, a

recapitulation of the answeres, and the analysis.

Notice: To each answer is given a number, allowing the reader to

identify each case.
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EXAMPLE OF QUESTIONNAIRE

Your name, address, and name of boat (optional):

Boat Specifications

Length

Engine HP

RPM while towing

Reduction gear ratio

Propeller pitch, diameter

Estimated bollard pull

Fishing gear

Winches:

Drum diameter

How is cable wound level?

Doors:

Size

Net:

Type, material

Are they painted or galvanized?

Type, style, size, manufacturer:

Length of mud lines:

Trawling cables:

Diameter

Construction (for example 6 X 19, "improved plow steel ");

Galvanized?

Core material



Made in what country?

Manufacturer, if known

U.S. supplier

Length kept on winches

68

Type of terminations (for example, pressed collar, splices, cable
clamps):

Thimbles used?

Wire Rope Maintenance

How often are lower ends shortened?

-- by how much?

How do you know when to do this?

How often are cables switched end-for-end?

How often are cables greased?

What material do you use for greasing?

- how is it applied?

Has wire rope ever parted?

If so, where; was there a specific cause?

Fishing Practice

Range of water depth fished

What scope is sued for various depths?
(Give for both bottom, and midwater gear if both used)

When towing a bottom trawl, do you feel that the lower wires
occasionally drag on the. bottom?

Any evidence of this?

Fishing time:

% of year fished (or number of days per year at sea)

Length of trips



% of trip that net is fishing
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General

What do you feel to be the main factors affecting deterioration

of your trawling cables?

We'd like to collect some samples of discarded wire rope? and

would be especially interested in doing so starting at the time the

rope was new. If you are willing to supply some samples of your wire

rope, please make sure your name is on the front of the questionnaire.

Thank you.
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boat len,
)

warp

const. galva

end
discarded?greased '

how often?

how

much
ever
parted#

1 9( 6 X 7 yes 8 months one year - yes

2 71 6 X 7 yes
3 months 3 months 25 no

3 9( 6 X 19 yes
never one year - no

4 6 yes
6 months one year 25 no

5 7! 6 X 19 yes - _

6 n 6 X 7 yes
no 6 months 3 no

7 5( 6 X 19 yes
every day no

8 66 6 X 7 yes
no as needed 18 yes

9 q - yes
one year as needed 3 no

10 76

I

- yes
no 6 months 3 yes

11 76 6 X 7 yes 6 months as needed - no

12 5( - yes no 6 months yes

13 56 6 X 7 tar as needed - yes

14 6( 6 X 7 yes _

15

T

66 6 X 19 heavy

lube 3 months 6 months 5 no

16 75 6 X 7
galva

& lube no 3 months 2 no

17 5f 6 X 19 yes

,

one year i one year 17 no

18 5( 1 6 X 7 yes no never no

19 71 6 X 9 yes. no 3 months 1 -

20 6S 6 X g yes
t

- _ _

21 5 - yes
no i as needed 25 yes
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Analysis of Answers to the Questionnaires

Average Boat:

Length: 67 ft.

Engine Power: 350 h.p.

Trawl Doors: built in bare steel, size 5 X 7 ft.

Wire Ropes: 9/16 inch in diameter

construction 6 X 7 or 6 X 19

galvanized, never greased

Thimbles are used one time over two

Around 500 fathoms of wire rope kept on each drum

Range of depth fishing: 20 to 275 fathoms

Average Life of a Warp:

During one year, the boats stay 150 days at sea, with 60% of

the time fishing: they stay 200 days in the port.

The rhythm would be: around three days a week at sea, with maybe

some longer trips during the summer time, and longer periods in the

port during the winter, depending on the weather.

The whole wire rope, or at least the part regularly used in

fishing, is discarded every two or three years (8), sometimes every

year.

Correlations Extracted Out of the Questionnaires

a) the warps, which are regularly greased (at least two times a

year), do not part; 2, 4, 7, 11, 15.

The warps which are not greased sometimes part.

part: 8, 10, 12, 13, 21.

do not part: 6, 16, 18.
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b) on the boats where thimbles are not used for the end loops,

the warps sometimes part.

c) part: 8, 10, 12, 13, 21

d) do not part: 2, 4, 17.

On the boats where the pulley blocks are regularly checked,

and/or replaced, the warp does not part: 6, 12, 15, 16, 18, 21.

e) no correlation between greased wire rope and end shortened.

f) not enough data to net a comparison between the different

ways of building wire ropes.

About the Gradient of Destruction of the Trawl Line at the Bottom:

To stay within a certain range of security, some fishermen

react to the aging of the trawl wire ropes by discarding the bottom

part. The repartition of how long versus how often they cut it shows

an overall gradient of destruction. This gradient is an accumulation

of corrosion action, fatigue, dragging on the ocean floor, shocks

(more intense at the bottom part), etc.

The main unknown is how do the fishermen judge what length of

the wire rope has to be discarded. It is interesting, anyway, to

figure out that the longer they wait, the further from the trawl door

they have to cut.
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Number of the Boat How Often
(month)

How Much
(fathom)

2 3 25

3 12 25

4 12 25

6 6 3

10 6 3

12 12 25

15 6 5

16 3 2

17 12 17

19 3 1
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Appendix 2, Figure 1: Length Discarded by the Fishermen at the Bottom End of the Trawl

Line versus How Often it is Discarded.
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APPENDIX 3: OCEANOGRAPHIC DATA

a) Temperature, salinity, oxygen content of the seawater off

the Oregon Coast (15).

b) Temperature, salinity, oxygen content of the seawater at

the Marine Science Center docks in Newport, Oregon.
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TABLE 3-1

AREA 20

4446N

OXYGEN

MONTHS

DEPTH

NEWPORT

123-127w

1 - 3

MAX

MONTHS

AVG

PRESENT

m1N

1. 2,

1135

3

SDEV

MONTHS 4 - 6

MAX AVG

MONTHS

MIN

PRESENT 4. 5, 6

ORS SOEV

0 5.57 4.66 5.48 176 0.44 8.98 6.46 2.91 428 0.61
10 5.62 6.65 5.01 177 0.46 8.95 6.39 2.83 411 0.61
2O 4.97 6.52 4.28 177 0.46 7.42 6.25 1.43 432 0.88
30 9.31 4.41 3.68 175 0.54 7.38 6.15 2.11 424 1.06
SO 7.34 6.23 3.45 158 0.57 7.37 5.73 1.11 397 1.26
75 6.45 5.54 2.99 144 0.80 6.68 4.89 1.12 356 1.17

100 6.29 4.42 2.78 130 0.77 6.36 3.93 1.46 320 0.86
125 5.23 3.62 2.45 123 0.51 5.22 3.29 1.19 294 0.62
tsn 4.49 1.20 2.18 120 0.49 4.87 2.99 0.05 258 0.49
200 3.48 2.72 2.03 104 0.35 3.91 2.60 1.43 196 0.34
250 3.06 2.35 1.76 87 0.27 3.24 2.24 1.30 157 0.31
Info 7.74 1.99 1.30 75 0.27 2.75 1.88 0.84 123 0.28

MONTHS 7 - 6 MONTHS PRESENT' 7, 8, 9 MONTHS 10 - 12 MONTHS PRESENT 10.11.12

DEPTH MAX AVG MIN 185 soev MAX AVG MIN FAS SOEV

0 9.67 6.14 2.15 696 0.82 7.77 6.10 5.02 302 0.30
10 9.57 5.93 1.54 697 0.03 8.15 6.09 4.10 102 3.34
20 7.54 5.63 1.1S 696 1.20 6.76 6.01 4.10 20* 0.31
In 7.44 5.1 1.32 692 1:47 6.98 5.86 3.18 299 0.53
SO .7.64 5.23 1.0S 643. 1.58 7.46 5.45 2.91 279 0.37
75 7.21 4.57 1.07 574 1.41 6.62 4.61 2.14 244 0.95

110 5.46 3.137 0.91 445 1.04 6.43 3.93 1.74 218 0.32
125 5.62 3.32 1.40 410 0.76 5.52 3.42 1.40 207 0.64
150 4.69 2.96 1.15 387 0.63 4.61 1.09 1.37 187 0.54
200 4.2n 2.55 1.37 290 0.48 4.22 2.68 1.74 153 0.45
250 1.55 2.14 1.17 170 0.44 3.49 2.34 1.71 108 0.36
300 3.22 1.84 1.01 137 0.19 2.82 1.44 1.24 98 0.30

MONTHS 1 - 12 MONTHS PRESENT 1. 2. 3, 4. 5, 6, 7, 8. 4.10.11,1'

DEPTH MAX AVG MIN 08S SHY

400 2.17 1.27 0.48 307 0.23
SOO 1.85 0.80 0.32 376 0.16
600 1.11 0.52 0.27 365 3.11
700 0.91 0.39 0.03 337 0.00
800 0.85 0.34 0.04 325 0.09
900 0.81 0.34 0.21 303 0.08
1000 0.97 0.37 0.22 234 0.08
1100 1.20 0.43 0.27 161 0.10
1200 0.91 0.50 0.35 119 0.08
1300 0.88 0.57 0.44 71 0.09
1400 0.99 0.67 0.45 68 0.09
1500 1.52 0.82 0.53 102 0.14
1750 1.45 1.14 0.73 93 0.10
2000 1.84 1.51 1.17 47 0.10
2500 2.19 1.49 1.111 14 0.00



TABLE 3-2

AREA 29 NEwPORT

4446N 123-127w

SALINITY
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MONTHS L - 3 mrINT9S

3ePT14 MAX AVG

PRESENT

M144

1, 2. 3

IRS SDEV

MONTHS 4 - 6 MONTHS

MAX AVG MfN

PRESENT 4. S. ,

ORS SDEV

0 32.97 32.08 26.93 198 1.04 33.95 30.16 11.92 493 3.19

10 32.97 32.28 26.55 198 0.58 11.96 31.81 25.23 494 1.119

20 32.98 32.45 31.08 108 0.30 33.96 32.38 30.80 492 0.40
10 33.40 32.53 31.47 116 0.23 33.06 32.53 31.01 484 0.36
SO 33.66 32.65 32.27 179 0.24 34.02 32.72 32.17 455 0.36
75 31.12 37.96 32.44 164 0.10 13.98 33.05 32.43 404 0.14

110 33.86 33.77 32.50 146 n.26 34.02 33.45 32.67 363 0.24

125 33.91 33.65 12.69 139 0.16 34.01 33.69 32.58 334 0.14
150 13.97 11.80 31.39 135 0.09 34.03 33.82 33.33 293 0.08

200 34.13 33.92 33.66 120 0.04 34.03 33.94 33.78 228 0.03
250 34.06 33.97 31.89 98 0.03 34.08 33.97 33.87 179 0.33
100 34.11 14.00 33.93 64 0.07 34.10 34.00 33.89 145 0.03

MONTHS 7 - 9 MONTHS PRESENT 7, 8. 4 MONTHS 10 - 12 MONTHS PRESENT 10.11.1,

DEPTH MAX AVG MIN 08S SDEV MAX AVG MIN 05S SDEV

0 33.84 31.44 24.90 702 1.2n 33.04 32.10 27.00 315 0.54

10 33.88 31.95 28.44 705 0.77 33.12 32.19 30.85 314 0.32

20 13.46 12.44 30.82 706 0.54 33.28 32.30 31.46 311 0.26

30 33.94 32.70 31.54 703 0.46 33.59 32.45 31.76 310 0.28

50 33.96 32.90 32.33 654 0.44 33.59 32.76 32.02 291 0.33

75 33.90 31.16 32.44 584 0.43 33.85 33.17 32.36 257 0.33

100 34.09 33.47 32.65 471 0.33 11.89 33.47 32.55 230 0.26

125 34.07 33.69 33.10 438 0.19 33.93 33.69 32.95 219 0.16

150 34.03 31.83 31.43 412 0.11 13.49 33.81 33.40 200 0.10

200 34.14 13.94 33.57 303 0.05 34.04 33.93 33.76 161 0.04

250 34.05 33.98 13.15 175 0.04 34.06 33.97 33.84 115 0.03

300 34.10 34.01 11.89 138 0.03 34.10 34.00 33.46 104 1.03

NINTHS 1 - 12 MONTHS PRESENT 1. 2. 3. 4. S. 6. 7, S. 1,10.11,12

DEPTH MAX AVG MIN 08S SDEV

400 14.22 34.06 33.93 433 0.03

SOO 34.26 34.13 33.98 410 0.03

600 34.37 34.20 34.06 302 0.02

700 34.37 34.27 34.14 363 0.02

800 34.47 34.32 14.19 148 0.02

900 34.47 34.37 34.23 322 0.02

1000 34.50 34.41 34.27 243 0.02

1100 14.52 34.44 34.31 160 0.02

1200 14.52 34.46 34.35 118 0.01

1300 34.56 34.49 34.44 72 0.01

1400 34.17 34.51 34.48 70 0.01

1500 34.60 34.51 34.49 103 0.01

1750 34.65 34.57 34.50 94 0.01

2000 34.66 34.60 34.57 47 0.01

2500 34.65 34.61 34.63 16 0.0



TABLE 3-3

AREA 29 NEWPORT

44..464 123 -127W

TEMPERATURE

78

MONTHS

DEPTH

1 - 3 MONTHS

MAX AVG

PRESENT

MIN

1, 2, 3

OBS SO9v

MONTHS 4 .. 6

MAX AVG

MONTHS PRESENT 4. 5

MIN oeS SOEv

0 11.22 9.63 7.22 194 0.76 16.84 12.36 7.24 486 2.13
10 10.91 0.62 7.32 197 0.73 16.16 11.50 7.24 483 1.82

70 10.96 9.63 7.4S 197 0.70 15.24 10.51 6.65 481 1.53

30 10.86 9.62 7.49 194 0.70 14.46 9.88 6.68 471 1.25

50 10.88 9.56 7.84 176 0.69 12.92 9.18 6.83 441 0.93
75 10.80 9.33 7.64 162 0.66 10.99 8.76 6.45 390 0.75

100 10.26 8.80 7.47 146 0.58 9.95 8.36 5.94 154 0.60

125 9.87 5.40 7.23 139 0.52 9.26 8.07 5.85 325 0.52

150 9.81 8.07 6.95 135 0.52 6.94 7.83 6.22 286 0.41

200 0.05 7.46 6.30 120 0.47 8.16 7.23 6.34 220 0.34

250 5.53 6.85 5.98 95 0.45 7.62 6.70 5.87 181 0.32

300 3.01 6.36 5.63 84 0.41 7.26 6.24 5.17 146 0.31

MONTHS 7 .. 9 MONTHS PRESENT 7, 11, 9 MONTHS 10 - 12 MONTHS 'Resew( 10,11,

7EPT4 MAX AVG MIN OBS SOEV MAX AVG MTN OBS SDEV

0 18.51 14.82 7.62 720 2.27 17.78 13.04 7.00 317 2.19
10 18.51 11.66 7.30 718 2.90 17.79 12.93 9.08 318 2.12
20 18.46 11.67 7.10 709 3.04 17.72 12.51 9.42 315 1.99

30 18.43 10.14 6.94 705 2.35 16.84 11.72 8.14 312 1.81
SO 13.02 8.77 6.55 650 1.17 14.95 10.10 7.64 295 1.45
75 10.50 8.27 6.76 576 0.70 12.03 8.89 7.54 261 0.84
100 9.41 0.03 6.46 460 0.51 10.85 8.36 7.2S 235 0.51
125 9.41 7.81 6.33 425 0.44 10.02 8.11 7.22 224 0.41
150 9.15 7.58 6.37 402 0.42 9.80 7.87 6.99 202 0.38
200 S.39 7.06 6.16 294 0.36 8.51 7.35 6.46 166 0.36
250 7.61 6.60 6.07 177 0.30 7.86 6.77 6.00 115 0.37
300 7.24 6.21 5.56 142 0.29 7.28 6.30 S.51 105 0.35

MONTHS 1 - 12 MONTHS PRESENT 11 2. 3. 4. St 6. 7, 8. 9.10111.1

DEPTH MAX AVG MIN OBS SOEV

400 6.56 5.57 4.61 438 0.27
500 S.99 5.06 4.43 418 0.22
600 S.48 4.67 4.21 399 0.17
700 4.89 4.35 3.49 370 0.13
800 4.46 4.07 3.73 3S6 0.11
900 4.20 3.80 3.40 333 0.10
1000 3.91 3.56 3.29 252 0.09
1100 3.62 3.34 3.14 165 0.08
1200 3.66 3.12 2.93 119 0.10
1300 3.69 2.92 2.71 69 0.11
1400 2.86 2.71 2.47 67 0.06
1300 2.88 2.54 2.33 101 0.07
1750 2.43 2.17 2.07 94 0.05
2000 2.02 1.91 Lem 48 0.03
2500 1.78 1.73 1.69 16 0.02
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TABLE 3-4

Water Quality data at the
Marine Science Center Docks

Newport, Oregon

Salinity

cppt)

Temperature
( C)

January

February

March

April

23-29

18-28

30-32

29-31

7

9.5

10.5

May, 13

June 24-33 13

July 32-33 12.5

August 35 15

September 17

October 28-31 14

November 28-31 14

December 18 10.5

At the 11 September 1978 at the Marine Science CEnter docks:

One meter below the surface:

Salinity (ppm)

Temperature (°C) 12.8

Dissolved Oxygen (mg/1) 8.1

Data from Marine Science Center Records

28
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APPENDIX 4: OPERATING MODE FOR WEIGHT LOSS MEASUREMENT

The measurement of the weight loss per unit of length of wire

rope is the difference of weight per unit of length between a new

sample and one which stayed a certain amount of time in a corroding

environment. Only the metal left is weighted. The two measurements

must be done on the same sample or on samples coming from the same

pie of wire rope. The new sample must be cleaned and degreased.

The corroded sample must be exempt of any oxides.

Preparing the Samples:

A one foot long sample is cut with a torch, then the ends are

grinded to get a clean regular cut. This is very useful to precisely

measure the length of the sample.

The only way to perfectly clean a sample is to unravel it

completely. When each is independent, it is easy to clean them

correctly.

Degreasing New Sample:

The independant wires are abundantly rinsed to dissolve all

trace of sea salt and dried, they are dipped in trichlorobenzene to

dissolve the greases. They are dried again before weight measurement,

Cleaning Corroded Sample:

The difficulty here is to dissolve the oxides without attacking

the metals. The oxides are very soluble in diluted HC1, but the

zinc is strongly attacked within a delay of a few seconds.
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Two solutions must be ready--10% HC1, and 10% NaOH. When the

wires are washed, they are dipped in the HC1 solution for one to two

seconds, they they are quickly dipped in the NaOH solution to neutralize

the acid action. They are then abundantly rinsed and dried for 1

hour at 105°C before weight measurement. A look at the wires under

a x100 microscope will show if the surface is exempt of oxides or not.
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APPENDIX 5: OPERATING MODE FOR BREAKING LOAD MEASUREMENT

The breaking load is the necessary static load to break a wire

rope. The slowest possible loading speed must be used to run this

test. It is run in the Civil Engineering Department at Oregon State

University.

Selecting the Sample:

The sample must be three feet long (approximately) to fit the

loading machine, and longer than the pitch of th.e wire rope (length

of one revolution of a strand) to get a good repartition of the load

on each strand.

Preparing the Sample:

The two ends of the wire rope must be sealed with epoxy in a piece

of pipe to be correctly grabbed by the jaws of th.e loading machine.

a) the two ends of the sample must be unraveled for five

inches at the end.

b) they must be cleaned for eight inches, following the method

described in Appendix 4. To be perfectly degreased Is very important

so as to get a good adhesiveness of the epoxy on the wires,

c) the two ends will fit in two eight-inch long steel tubes,

with an inside diameter two times as big as the standard diameter of

the wire rope. These tubes have to be perfectly cleaned inside. All

the tricks to roughen the inside of the pipes will be useful to

increase the adhesiveness of the epoxy in the pipes. The pipes can be

partly flattened before filling with epoxy to avoid wire rope and epoxy

both being pulled out of the pipe.
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Notice: The eight inche tubes must be put on the sample before

unravelling the ends.



84

1)

2) put the pipes, uncoil the end, clean

3) flatten the pipe a little here

Put a cork in, fill with

epoxy, let dry, and do

the other end

Figure 5-1


