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Abstract: A research project, named “Ropesecurity 2+”, started 2010 by the Austrian Federal Research
Centre for Forests, Natural Hazards and Landscape (BFW), investigates the correlation between
quantifiable loss of fibers and the associated reduction of the remaining tensile strength to find decisionmaking aids to be able to assess the state of wear of fiber ropes. As laboratory tests by cutting the strands
of a 12-strand rope and measuring the residual strength showed, the ropes strength decreased to 92%, by
cutting one strand, two strands cut reduced it to 81% while three strands dropped it to 60% (GARLAND,
J., et al, 2003). Similar correlations between measurable loss of fibers through abrasion and residual
strength are supposed. Finding the supposed correlation and also an easy way for measuring the loss of
fibers in the operating rope are the main goals in this research project. - This paper presents first results.
Keywords: Synthetic fiber ropes; abrasion; replacement state, criteria for replacement
1 Introduction
Fiber ropes for forestry use are offered by several manufacturers. According to studies, fiber ropes offer a
wide range of advantages in comparison to steel wire ropes: For example the low weight of fiber ropes
facilitates forest operations and serious accidents through broken wires are avoided. (GARLAND, J. et al,
2003; PILKERTON, S. et al., 2004; STAMPFER, K. et al., 2010).
For security reasons and to protect individuals working with this type of ropes, clear decision-making aids
are needed in order to be able to assess the usability and replacement state of wear of a rope as applies to
steel cables.
Visible damages to the ropes surface by increasing wear and a measurable loss of fibers are valid as
possible indicators for the replacement state.
First test series of BFW have shown that the state of wear cannot clearly be identified through visible
damages occurring during logging applications, analogous to the risk assessment of nautical ropes wornout at different levels (NEMESTÒTHY, N., 2010; SAMSON ROPE, 2003). The harsh conditions
prevailing in forestry make, that the ropes surface structure is worn-out so quickly, that no conclusions
can be drawn to the residual strength of the rope. Also, the often cited assumption that the fibers fraying
out would protect the residual fibers of the rope could not be confirmed by the abrasion tests.
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Figurre 1 to 4: left too right, four leevels of progresssive artificial abrasion– it iss hardly possibble to distinguish the
in
ndividual levells from their su
urface structurre.

Contrrary to not clearly
c
identiifiable visiblee damages, the
t
residual strength of the ropes ch
hanged
signifficantly accordding to abrasio
on levels 1 to 4.
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Figurre 5: Loss of teensile strength with progressiive abrasion att four abrasion
n levels departi
ting from the unused
u
rope (Level 0))

As cittied before, laaboratory testss conducted att the Oregon State
S
Universiity revealed thhat residual sttrength
of a tw
welve strand braided
b
rope dropped
d
to 92%
%, 81% and 60%
6
of the original strengthh by cutting 1, 2 or 3
strandds, respectively. This test shows a dispproportional high
h
increasee of tensile sttrength loss with
w
a
remaiining fibre proofile amountin
ng to 92%, 833% and 75%. (GARLAND
D, J., et al., 20003). These fin
ndings
are sim
milar to the reesults of the BFW-tests
B
show
wn in Fig. 5.
On thhe basis of theese findings, BFW
B
has initiiated a researrch project aim
ming easily iddentifiable deccisionmakinng aids in ordder to be able to assess the usability and
d replacement state of wearr for syntheticc ropes
from high molecullar weight pollyethylene (U
UHMWPE succh as Dyneem
ma©) as appliees to steel cab
bles. In
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this sttudy an attem
mpt is made to identify the rratio between quantifiable fibre
f
loss and the subsequent loss
of breeaking strengthh.
It is im
mportant that the determinaation of fibre lloss could be done easily with
w a simple m
method by thee forest
workeer inspecting the
t rope durin
ng the logging operation.
2 Exp
perimental Design
D
and Meethods
The eexperimental design
d
is as follows:
f
10 ddifferent twelv
ve strand braided ropes froom Dyneema© fibre
with 114 mm of nom
minal diameteer in 5 abrasioon levels with 4 repetitions each (= 200 rrope samples at 6 m
each).. In this test, the
t most inten
nsive abrasion level is selectted in such a way
w that the ccoating of the coated
syntheetic ropes carrried along for comparison rreasons showss abrasion sign
ns achieving tthe state of wo
orn out
for reeplacement. Inn order to gett the requiredd number of the
t rope samp
ples worn-out
ut at different levels
withinn an adequatee time span on
n the one hannd, and to seccure the repeaatability and ccomparability of the
results on the otherr hand, artificcial abrasion w
were chosen. However, to assure a real abrasion effeect, the
presum
med abrasionn is being sim
mulated by draagging the tessting ropes ov
ver rough terrrain using a special
s
pilot sstation. (NEM
MESTÒTHY, N.,
N 2010)
The ddamages produuced through continued abrrasion at the ro
ope surface will
w be systemaatically docum
mented
througgh photographhy and fibre lo
oss is quantifieed at the mostt heavily work
ked parts of thhe rope.
2.1 M
Methodology to
t Identify Fib
bre Loss
In thiss test, the fibrre loss was id
dentified first bby assessing the
t profile red
duction of thee individual yaarns of
every second of thhe 12 strands. But this meethod caused a clearly stro
onger disaggre
regation of the rope
structuure than previiously assumeed.

Figgure 6 & 7: Th
he identification of the fibre lloss by assessin
ng the monofila
aments of the sseparated stra
ands
caused a remark
kable disaggreg
gation of the ro
ope

This w
was unsatisfaactory, as – especially
e
witth more worn
n-out ropes – a stronger inntervention in
nto the
remaiining rope strructure suggested an undessirable reducttion of the reesidual strenggth. In additio
on, the
assesssment methodd was a probllem from a sscientific poin
nt of view du
ue to subjectivve perception
ns. The
searchh for an objective measuriing method w
with less disag
ggregation off the rope struucture resulteed in a
methood in which byy means of a twine loop annd a sliding caalliper under constant
c
meassuring force (1
10 N =
1020gg) the diameteer of the indiv
vidual rope sttrands was measured. This method folloows the well known
k
diameeter measurem
ment of round
d objects usingg a measuring
g tape. In thiss way, the crooss-section areea was
calcullated and com
mpared with th
he values from
m the non dam
maged rope measured
m
by th
the same meth
hod, in
order to find out thhe profile loss.. The trials forr measuring th
he total rope diameter
d
by thhe same meth
hod did
not brring meaningfful results whiich is due to tthe pretended profile increm
ment caused bby the fibers fraying
f
out („„fleece“).
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Figg. 8 & 9: Identtification of prrofile loss by measuring
m
the in
ndividual strannds

3 Ressults
The rresults of the breaking streength tests onn the first 76 rope samplees (16 worn-oout and 3 new
w rope
samplles each from 4 products off different man
anufacturers off ropes) suggeest – and this iis not surprisiing – a
correllation betweenn the measured residual breeaking strength
hs and the ideentified profilee loss (Fig. 10
0). The
indiviidual results are
a distributed
d rather widelly around thee exponential trend line so that at first sight
s
it
seemss not to be poossible to allo
ocate a determ
mined abrasio
on value to a determined remaining breaking
strenggth – that is thhe desired corrrelation.
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When allocating the results of the breaking strength tests to the various rope types, a clearly different
picture appears despite similar rope dimension and similar breaking strength in the case of a new rope.
The Graf in Figure 11 shows a much better correlation of individual values of different rope types with
their best-fit curve. However, the results are not yet clear enough to draw any meaningful conclusions
because of the low number of rope samples per individual product.
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Figure 11: The remaining breaking force (%) in relation to the remaining profile (%) – according to rope type,
supplemented by the above mentioned results from the laboratory tests by Garland et al.

4 Next steps
Because of the different development of the ratio between profile loss and breaking strength loss for rope
material of various manufacturers (from the same material with the same diameter and the same nominal
breaking load) it will be necessary to concentrate the study on the rope type of one manufacturer first.
In order to verify the results from the artificially generated abrasion samples it is planned to gain also
worn-out rope samples (same dimension of the same manufacturer) from an actual logging operation and
to analyse them by using the same method.
Furthermore, additional rope samples of other manufacturers as well as ropes of different dimension of
one manufacturer shall be investigated in order to be able to better calculate the presumed differences in
the development of the ratio between profile loss and breaking strength loss.
Specific projects:
Evaluation of 32 existent treated rope samples. On these samples the strands have been measured only in
every second sample in order to be able to recognise a possible influence of the measurement on the
breaking strength.
Preparation and evaluation of further rope samples of one product from the first series of the same
dimension (14 mm). (30 to 40 rope samples)
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Procurement of ropes already used for logging, measurement of reduced profile and testing of the
remaining breaking force.
Preparation and evaluation of rope samples of further 3 rope manufacturers of the same dimension using a
reference rope from the first series (around 100 rope samples)
Preparation and evaluation of rope samples of various dimensions from one manufacturer (10, 12, 16mm)
(around 100 rope samples)
5 Summary
The trials conducted so far have shown that the reduction of the breaking strength reaches significant
values already during relatively slight rope abrasion so that the required safety factor will not be met after
short use. This underlines the urgent need for a method which will enable timely recognition of the
ultimate limit state of the rope.
To find such a method would mean an important step in terms of safety for an ever increasing number of
users who, after appropriate training, would have the possibility to timely recognise the ultimate limit
state of the rope (time for replacement) and to effectively monitor the safety coefficient (rope resistance =
twofold winch traction force) foreseen in the Standard for Forest Rope Winches (EN 14492-1).
The first results of the research project started by BFW show a possible way for continuous rope
inspection by the user.
64 worn-out and 12 new rope samples were analysed and data pairs of the relative profile loss and the
related relative breaking strength loss analysed and illustrated in a diagram. For measuring the profile loss
deliberately a method was chosen which can be applied easily with readily available and low-cost
equipment.
The results of the analysed products revealed a relatively wide distribution of the points around the bestfit curve. An allocation of a determined profile acceptance to the remaining breaking strength shows big
insecurities.
The Splitting up the results according to individual rope types provides a clearly better correlation with
the best-fit curve – which could be the basis for criteria. For evidence reasons, a larger number of tests
with rope samples of the same product from one manufacturer should be conducted.
Risk assessment is the most important precondition for the smooth use of this ergonomically useful
innovation. –Let’s hope that by means of this research project, safety and health improvement in forest
logging operations could be improved substantially.
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