
 
 

 

 

 

 

 

 

 

 

 

 

 

 

INFLUENCE OF DIFFERENT HIGH PERFORMANCE FIBRES 

IN THE CHARACTERISTICS OF DYNAMIC FIBRE ROPES 

 

 

 

 

 

 

 

ANA SOFIA CARVALHO MONTEIRO PEREIRA 

DISSERTAÇÃO DE MESTRADO APRESENTADA À FACULDADE DE ENGENHARIA DA UNIVERSIDADE 

DO PORTO EM ENGENHARIA METALÚRGICA E DE MATERIAIS 

 

 

 

 

 

ORIENTADOR: MARIA ASCENSÃO FERREIRA SILVA LOPES, PhD 

 

 

 

2018 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
__________________________________________________________________________________
CANDIDATA Ana Sofia Carvalho Monteiro Pereira   Código 201109246 
__________________________________________________________________________________
TÍTULO  Influence of different high performance fibres in the characteristics of 

dynamic fibre ropes 
__________________________________________________________________________________ 
DATA   11 de julho de 2018      Hora 10h00 
__________________________________________________________________________________ 
LOCAL  Faculdade de Engenharia da Universidade do Porto   Sala F106 – DEMM 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
JÚRI Presidente   Professor Doutor Fernando Jorge Mendes Monteiro             DEMM - FEUP 
__________________________________________________________________________________ 

Arguente      Professor Doutor Rui Jorge Sousa Costa de Miranda Guedes   DEMec - FEUP 
__________________________________________________________________________________ 

Orientador   Professora Doutora Maria Ascensão Ferreira Silva Lopes  DEMM - FEUP 
__________________________________________________________________________________



i 
 

RESUMO 

A presente dissertação tem como objetivo analisar e comparar as propriedades e 

performance de amostras de fibras de alta performance, HMPE, em cabos com igual 

construção, da empresa Lankhorst Euronete, na produção de cabos sintéticos para 

gruas. As estruturas tênseis (cabos) em análise são parte de um estudo com vista a 

sua implementação em gruas, substituindo os tradicionais cabos de aço. As estruturas 

são fabricadas pela agregação (torção), em diferentes processos, de estruturas 

têxteis compostas por conjuntos de fibras. Com vista à comparação da performance 

de três fibras de HMPE, realizaram-se testes aos vários elementos, nas várias etapas 

de construção de um cabo (fibra - fio torcido - cabo final). Apesar das fibras serem 

todas HMPE, ao serem de fabricantes diferentes, cada um tem o seu próprio método 

de produção, conferindo diferentes propriedades ao material. A caracterização dos 

materiais em estudo foi realizada por: espetroscopia de infravermelhos por 

transformada de Fourier (FTIR), microscopia eletrónica de varrimento (SEM), abrasão 

fio-a-fio, abrasão fio-metal, determinação do coeficiente de fricção, ensaios de 

fluência, ensaios de tração, tenacidade, medição de diâmetro, alongamento à 

rotura, elasticidade e ensaios de flexão sobre polias (CBOS). Em geral, as fibras de 

HMPE 1 e HMPE 3 apresentaram resultados semelhantes, destacando-se o acentuado 

decréscimo de performance do HMPE 2, nos vários graus de complexidade da 

construção do cabo, comparativamente aos seus resultados na fibra no estado como 

é fornecida à empresa. Ao realizarem-se testes nas fibras e fios torcidos, estes dão 

uma indicação de como o material se irá comportar no cabo, em serviço. Em termos 

de aplicação e produto final, se a carga de rotura para um mesmo tamanho de cabo 

for a prioridade, então o HMPE 1 é a melhor opção. Contudo, se os requisitos do 

cliente final se basearem sobretudo na resistência à flexão sobre polias, então o 

HMPE 2 será a fibra preferível. 
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ABSTRACT 

The main objective of this dissertation is to analyse and compare the properties and 

performance of high performance fibre samples, HMPE, in ropes with the same 

structure, from Lankhorst Euronete, in the production of dynamic fibre ropes for 

cranes. The tensile structures (ropes) under analysis are part of a study aimed at 

implementing them in cranes, replacing the traditional steel wire ropes. These 

structures are produced through the aggregation (twist), in different processes, of 

textile structures made of fibre bundles. In order to compare the performance of the 

three types of HMPE fibres, various tests were performed on the different elements, 

in the numerous stages of rope construction (as-supplied fibre – indoor-coated fibre 

– final rope). Even though all fibres are HMPE, since they are provided by different 

suppliers, each supplier has their own production method, which can grant different 

properties to the material. The characterization of the materials being studied was 

performed through: Fourier transform infrared spectroscopy (FTIR), scanning 

electron microscopy (SEM), yarn-on-yarn abrasion, yarn-on-metal abrasion, 

determination of the coefficient of friction, creep test, break force and tenacity 

tests, diameter during bedding-in, elongation at break, dynamic stiffness and cyclic 

bend over sheave (CBOS) test. Overall, HMPE 1 and HMPE 3 fibres showed similar 

results, emphasizing the accentuated decrease in HMPE 2’s performance, through 

the multiple degrees of complexity in the construction of the rope, in comparison to 

its results in as-supplied fibres. By performing tests in the as-supplied and indoor-

coated fibres, we can have an indication of how the material is going to act in the 

final rope, when in service. In terms of final product application, if rope break 

strength for the same rope size is prioritized, then HMPE 1 appears to be the best 

option. However, if the client’s requirements depend primarily on bending fatigue 

resistance, then HMPE 2 is the preferable fibre to use. 
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1. INTRODUCTION 

There has always been the need for ropes, to fasten together, to sustain or to pull 

loads. When it comes to the materials used to make ropes, every sort of flexible 

strand has been used. From leather, cotton or even silk, the choice of material 

depends on the balance between: (a) the performance requirements for a particular 

end-use, typically strength, durability, flexibility and softness or hardness, and (b) 

availability of materials and their costs (Bunsell 2009; McKenna, Hearle, and O’Hear 

2004). 

Natural fibres dominated rope production, however, these fibres could not keep up 

with the increasingly challenging human demands, especially with the advances in 

the industrial era. Natural fibres need to be combed to be straighten out; twist is 

then required to hold the fibres together in a yarn. By spinning, fibres were 

converted into yarns; the remaining stages of rope making are twisting a number of 

yarns into strands and then strands into ropes, as it can be seen in Figure 1 (Bunsell 

2009; Hearle and Morton 2008; McKenna, Hearle, and O’Hear 2004). 

 

 

Figure 1. General rope configuration; Adapted from (Richmond 2003).  

 

For a long time, the 3-strands rope, the simplest rope construction, was the most 

used one, seen in Figure 2. Nowadays, twist is still used to hold fibres together, to 

make ropes, as it remains the most effective and simplest method (McKenna, Hearle, 

and O’Hear 2004). 
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Figure 2. Principles of making a three-strand rope; Adapted from (Mckenna, Hearle, and 

O’Hear 2004). 

 

Despite the extensive use of natural fibres, these do not possess the required 

mechanical properties to answer the demands of modern industries. Therefore, there 

was the need to invent materials to fill the gap left by natural fibres, hence the 

synthetic fibres. When confronted with synthetic fibres’ properties, the rope 

industry, as many others, became dominated by these. After the polyamide, nylon 

66, the most used synthetic fibres were polyethylene and polypropylene, which 

replaced the natural fibres in the rope market. Later on, new fibres emerged such 

as high modulus polyethylene (HMPE), where its high cost is justified by its 

outstanding mechanical properties (Bunsell 2009; Hearle and Morton 2008; McKenna, 

Hearle, and O’Hear 2004). 

The main objective of this study is to deepen the knowledge about the process of 

construction of polymeric ropes, regarding the parameters associated with the 

influence of different high performance fibres in the characteristics of dynamic fibre 

ropes. Since Lankhorst is developing a solution for this type of application, there is 

a first rope prototype whose construction is going to be the base, to later introduce 

the fibres as a variation, to understand its effects in the characteristics of the 

product. Specifically, this work will focus on the study of the fibres and ropes’ 
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properties and performance, specifically HMPE ropes, made by Lankhorst Euronete 

for the Hoisting Ropes business area, to be used in cranes, replacing the traditionally 

used steel wire ropes (Lankhorst Ropes 2017). 

Lankhorst Euronete is mainly engaged in the production of textile ropes for the 

cordage industry and is part of the WireCo Worldgroup, the world’s largest combined 

steel wire and synthetic ropes manufacturing business. This company is a leading 

innovator in synthetic fibre ropes through research and development of high 

performance products, which allows the company to work with their customers to 

overcome the many engineering challenges that might arise (Lankhorst Ropes 2017). 

In association with crane manufacturers organized in FEM (Fédération Européenne 

de la Manutention – European association of manufacturers of lifting equipment and 

intralogistics), Lankhorst joined forces with other manufacturers of fibres and ropes 

to collect existing experience and to develop the application of synthetic fibre ropes 

in lifting equipment (Lankhorst Ropes 2017; FEM 2017). 

Even though ropes made from fibres have been used for much longer than ropes 

made from steel wires, common lifting equipment employs steel wire ropes, making 

it a vastly studied and tested material, when compared to synthetic fibre ropes. The 

necessity for the replacement of conventional steel wire ropes stemmed from the 

industry. The main users of hoisting equipment, such as cranes, have the need to 

reduce the weight of the apparatus employed, and to reduce costs. The fact that 

synthetic fibre ropes can be used in the existing lifting equipment is a great incentive 

to their use (FEM 2017; Samson Rope 2016). 

There are many other advantages in using synthetic fibre ropes in hoisting 

equipment, instead of steel wire ropes, such as the fact that there is no need for 

lubricants, making it more environmentally friendly, or the fact that the fibre rope 

is easier to handle during installation and rigging, making it a safer operation for the 

user. Moreover, since there are operations to be performed with cranes in certain 

areas that have a weight limit, such as in bridges and certain urban areas, there is 

the need to reduce the total weight of the equipment. There has already been some 

use of synthetic fibre ropes in small hoisting equipment, for example, for working 

around electrical power lines (Lankhorst Ropes 2017; Samson Rope 2016). 
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2. LITERATURE REVIEW 

2.1. ROPES 

2.1.1. SYNTHETIC FIBRE ROPES 

A rope is a complex flexible structure consisting of a twisted or braided arrangement 

of elements such as fibres, yarns and strands, in various constructions. These are 

braided together for tensile strength, in a multi-helical structure. These helical 

structures stretch easily under load, by becoming longer and thinner and recover its 

length when tension is removed. The fibre rope reaction depends entirely on the 

load-elongation properties of the polymeric material used (Bunsell 2009; El Mogahzy 

1993; McKenna, Hearle, and O’Hear 2004). 

Ropes may be made of natural fibres, such as cotton or leather; of synthetic fibres, 

such as polyamide, polyester or polyethylene; or of metallic wire. Synthetic fibre 

ropes are lightweight and easy to handle and some of these ropes have a superior 

tension and bending fatigue performance than those of wire ropes (McKenna, Hearle, 

and O’Hear 2004). 

Common rope applications vary from ship or platform mooring, vehicular towing, 

fishing, or hoisting, amongst others. In order for the rope to perform well, there are 

requirements it must comply with, depending on the application, such as: the 

greatest possible tensile strength, flexibility, a compact cross section, structural 

integrity during use, elastic behaviour, light weight, fatigue resistance, abrasion 

resistance, chemical and corrosion resistance, amongst other non-technical aspects, 

such as prices (Flory et al. 2004; Griffin 2004; McKenna, Hearle, and O’Hear 2004). 

Natural fibres dominated the rope industry, until the necessity to use materials with 

better properties, depending on its end use, especially tensile strength. Thus, great 

changes took place with the invention of polyamide, nylon 66, as synthetic fibres 

almost entirely replaced the natural fibres used in ropes (Bunsell 2009; Hearle and 

Morton 2008). 

For many years, nylon remained the ideal fibre for use in ropes, mainly due to its 

properties such as high fatigue resistance, good impact resistance, good wear 

resistance and low coefficient of friction. When compared to other synthetic fibres 

as, for example, polyester or aramid fibres, nylon has lower density, lower elastic 

modulus and higher elongation at brake (Araújo 2013; Bunsell 2009; Hearle and 

Morton 2008). 
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With the advances in innovation in synthetic fibres, polyolefin fibres, more 

specifically polyethylene and polypropylene fibres, were the following most used 

fibres. Even though polyester (poly(ethylene terephthalate)) was produced before 

polypropylene, its use in ropes occurred later, after the development of strong 

industrial yarns, mainly for the tire industry. Nowadays, polyester (poly(ethylene 

terephthalate)) has surpassed nylon in high performance ropes, except in the cases 

where some of nylon’s characteristic mechanical properties are required, such as 

higher elongation at break. This group of “first generation” synthetic fibres did not 

have high resistance to extension, a requirement enhanced later (Araújo 2013; 

Bunsell 2009; Hearle and Morton 2008). 

The second generation of synthetic polymeric fibres consists of fibres with modulus, 

such as elastic modulus, in general, higher, with significantly higher strength values 

when compared to the first generation. Kevlar® was the first high modulus, high 

tenacity (HM-HT) synthetic polymeric fibre. As aramids are made of linear polymers, 

they yield under pressure/compression, a limitation in certain applications. On the 

other hand, a great advantage of aramids in the making of ropes is that these fibres 

can be severely deformed under load, without breaking. Aramids were followed by 

high modulus polyethylene (HMPE) fibres, one of the most used in the production of 

high performance ropes (Bunsell 2009; Hearle and Morton 2008; McKenna, Hearle, 

and O’Hear 2004). 

The first new fibre of the 21st century is Zylon®, made of poly(p-phenylene benzo 

bisoxazole), PBO, and the investigation for new synthetic fibres, especially HM-HT 

fibres, mechanical properties and new uses continues. These latter fibres, HM-HT, 

are particularly used when their high tensile strength and rigidity justify their high 

price (Bunsell 2009; Hearle and Morton 2008; McKenna, Hearle, and O’Hear 2004). 
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2.1.2. ROPE MAKING MATERIALS 

The materials used in ropes can be divided into two main categories, depending on 

the end-use: general-purpose synthetic fibres and high performance fibres. 

The synthetic fibres in major use for general-purpose textiles are the polyamides, 

specially nylon 66, and polyester poly(ethylene terephthalate) (PET). Nylon 66 can 

be used for general purposes, as well as in some high performance areas. Nylon is a 

polyamide, which are extremely elastic and can be deformed permanently, when 

heat is applied. The use of nylon 66 in ropes is due to its characteristics: it has good 

chemical resistance; good abrasion resistance when wet; moderately high strength, 

as well as high extension and good elastic recovery, which makes it ideal when high 

elastic energy absorption is required (Bunsell 2009; Hearle and Morton 2008). 

The other material that can be used in both general purpose applications and in high 

performance ropes is polyester poly(ethylene terephthalate) (PET). PET, due to its 

enormous versatility in different areas, from textiles to maritime ropes, is the most 

used synthetic fibre in the world. It has low tensile strength, when compared to some 

high performance fibres, even though it is extremely flexible, with a fast dry 

capacity. It is also extremely resistant to abrasion, chemicals and UV radiation 

(Araújo, 2013; Bunsell 2009; Hearle and Morton 2008). 

High performance fibres are those engineered for specific uses that require 

exceptional mechanical properties, such as strength, stiffness, heat resistance, or 

chemical resistance. These fibres, usually, have higher tenacity and modulus (such 

as elastic modulus) than general use fibres, and are also characterized by a high 

strength-to-weight ratio and used in applications where superior performance 

compared to conventional textile fibres is needed. These materials have varied 

applications due to their low weight and ease of handling, and because they match 

or overlap the characteristics of traditional materials, such as steel (McKenna, 

Hearle, and O’Hear 2004). 

Amongst high performance fibres used in ropes, a material that is extensively utilized 

is the ultra-high molecular weight polyethylene (UHMWPE), also known as high 

modulus polyethylene (HMPE). It is characterized by having extremely long 

polyethylene molecules and a molecular weight about ten times greater than that of 

high density polyethylene, which makes up for a highly impact resistant material, as 

well as highly resistant to abrasion and chemicals and high tensile strength, when 
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compared to other polymers, such as nylon 66. This material is a derivative of the 

thermoplastic polyethylene. The physical and chemical properties of the basic unit, 

polyethylene, remain unaltered. The difference to conventional polyethylene is a 

result of the great length of the polymeric chains, its great orientation and 

crystallinity. Some examples of UHMWPE fibres used in ropes, are the variants of 

Dyneema® by DSM and Spectra® by Honeywell (Dyneema 2018; Griffin 2004; Hearle 

and Morton 2008; Honeywell 2018). 

Poly(p-phenylene-2,6-benzobisoxazole), PBO, commercially available under the 

name Zylon® by Toyobo, has molecules characterized by their high rigidity and 

formation of extremely organized structures. PBO fibres are extremely resistant to 

high temperatures and have exceptionally high thermal stability, as well as excellent 

creep resistance, chemical and abrasion resistance. However, these fibres have low 

resistance to compression and to UV radiation (Araújo 2013; Hearle and Morton 2008; 

TOYOBO 2015). 

Aramids are other fibres included in this category, with long, highly oriented chains 

in the fibre axis. Due to the stability of the aromatic rings and the additional 

resistance given by the aramid connections, aramids have high tensile strength and 

thermal resistance, up to relatively high temperatures, when compared to other 

polymers. The high impact resistance of aramids makes them extremely popular for 

use in body armours, such as bullet proof vests made of Kevlar® by DuPont, of 

Twaron®, or Technora®, by Teijin (McKenna, Hearle, and O’Hear 2004; TEIJIN 2017). 

Similar to aramids, liquid crystalline polyesters (LCP) are based on aromatic 

structures, with a higher melting point than aramids, and a structure made up of 

long, rigid and extremely oriented molecules. LCP can be liquid, when they are 

thermotropic, like Vectran® by Kuraray, or solid, when they are lyotropic. LCP 

properties are influenced by its liquid-crystalline structure, in which the rigid 

molecules are oriented in the direction of the flow, during the processing by injection 

and extrusion. This material is extremely inert, making it behave well under 

aggressive environmental conditions, including being extremely resistant to high 

temperatures, impact, abrasion, high electric and chemical resistance (Hearle and 

Morton 2008; Kuraray 2018). 
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2.1.3. ROPE PRODUCTION 

Synthetic fibre ropes are structures made from textile fibres, and are defined as 

approximately cylindrical textile bodies, whose cross sections are reduced, when 

compared to their length, and are used as tension elements. In most ropes, the fibres 

are arranged in helical structures, which will later be joined and form helixes in even 

larger structures, until the strand and rope are built, progressively, as seen in Figure 

1. Through twisting, the number of turns per unit of length of the yarn, the rope is 

organized and held together. The spiral arrangement of the components of a yarn 

results from the relative twist of its extremities (McKenna, Hearle, and O’Hear 2004). 

Twist has always been the most used method to produce ropes to hold the fibres 

together, to form a yarn. As fibres wrap around each other, they press inwards and 

tighten together. With sufficient twist, a self-blocking structure is created: the 

higher the tension, the tighter the fibres. By hand twisting, initially, fibres were 

converted into yarns. This was a continuous process, limited only by the length of 

the coil around which the yarn is wound. The remaining steps of rope production, 

such as twisting a number of yarns into strands and those strands into ropes, were 

performed discontinuously. As shown in Figure 3, the production had to be done in 

ropewalks, factories or warehouses, in extensive areas, in order to keep up with the 

length of the ropes produced (El Mogahzy 1993; McKenna, Hearle, and O’Hear 2004). 

 

 

Figure 3. Illustration of a Ropewalk; Adapted from (McKenna, Hearle, and O’Hear 2004). 

 

With the evolution of the rope making industry, production techniques had to be 

optimized, shifting from manual to machined processes. However, the premise of 
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rope production remains: twist is still the preferred production method to hold rope 

sub-elements together (McKenna, Hearle, and O’Hear 2004). 

The twist applied in the various stages of the rope production process can be 

characterized by its direction: “S” twist, relative to the axis, when the yarn is placed 

vertically, if the fibres tilt to the left (left-handed twist); or “Z” twist, relative to 

the axis, when the yarn is placed vertically, if the fibres tilt to the right (right-

handed twist), as it is shown in Figure 4 (Araújo 2013; McKenna, Hearle, and O’Hear 

2004). 

 

 

Figure 4. Torsion direction used on ropes; Adapted from (Araújo 2013). 

 

The most common, in rope production, is successive twisting, alternating between 

“S” and “Z”, between stages of the rope making process, in order to achieve the 

best fixation of the multiple layers created. A yarn is considered stable when the 

direction of re-twist is opposite to that of twist, whereas if the direction of re-twist 

is equal to that of twist, the yarn will be more unstable. In other words, typically, 

the direction of the fibre will be, for example, in the “S” direction, followed by “Z” 

twisting in the yarns, and re-twisting the strand in the “S” direction, to form a rope 

(McKenna, Hearle, and O’Hear 2004). 

Ropes can be constructed with or without coatings, which can be produced from 

different polymeric materials, in varying amounts of impregnation, depending on the 

objectives. Most commonly, coatings are applied in the fibres, at the beginning of 

the rope making process, by impregnation, before forming yarns, and can serve as 

added abrasion resistance to extend the rope’s life in bending performance, for 

example. They can be coloured with added pigments, as a way of distinction from 

other ropes, or to make it more visible, when in use. 
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2.1.4. ROPE CONSTRUCTIONS 

The arrangement of the strands that make up the structure of the rope is called 

‘construction’. Nylon 66 was first used in the 3-strand rope construction, in terms of 

synthetic fibres. Even though this material continues to be vastly used, new rope 

constructions and materials were introduced in the market, in response to the 

demands from multiple industries. For most common ropes, the fibres are arranged 

in helical structures whose axes form helices in larger structures, the process 

continuing in stages until a rope is built. Either twisting or braiding techniques are 

used to arrange and contain the rope elements (Flory et al. 2004; McKenna, Hearle, 

and O’Hear 2004). 

Since synthetic fibres are continuous filaments of apparent infinite length, twist is 

not necessarily needed. In principle, a collection of parallel filaments could act as a 

tension member. However, when in use, they spread out, easily become entangled 

and can be susceptible to breakage of individual filaments by abrasion. Some 

coherence must be given to the bundle to allow processing and to make a useful 

rope. The introduction of new fibres led to increased research and development by 

rope makers leading to the main types of rope constructions shown in Figure 5 (Davis, 

Durville, and Vu 2016; Dourado 2016; Vaseghi 2004). 

 

 

Figure 5. Different types of rope constructions; Reproduced with permition from Rui Pedro 

Faria (Lankhorst Euronete). 
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The 3-strand laid rope, seen in Figure 5 a), is the simplest and most versatile rope 

construction. It can be manufactured with long lay length for increased strength and 

low elongation, or with a very tight length for improved abrasion resistance, lower 

strength and higher elongation, but is not torque free (Davis, Durville, and Vu 2016). 

In Figure 5 b) it is shown the 6-round-1 wire-rope construction, in which the rope is 

built from six external twisted strands arranged in a helix around a core strand, 

which can have a filler-only or a load bearing function. This construction provides a 

good fibre-to-rope strength conversion and is usually built with low twist levels and 

a long strand cycle length. However, it is not torque free (McKenna, Hearle, and 

O’Hear 2004; Vaseghi 2004). 

In 8-strand plaited ropes, seen in Figure 5 c), the rope is braided from eight twisted 

strands. Pairs of strands cross under and over each other; half go in the “Z” direction 

and the other half in the “S” direction as the centre is crossed by the strands, making 

it a very compact rope and leading to a non-smooth surface. It is extremely efficient 

and has a torque-free construction (ISO 2009; McKenna, Hearle, and O’Hear 2004). 

The 12-strands braided rope, seen in Figure 5 d1), is built from two groups of six 

separate twisted strands that go in different directions. It has a hollow braid, as 

there is an empty space in the middle, making it easy to splice and inspect for 

damage. It is a light and easy to handle rope, with a round and smooth surface, 

making it resistant to abrasion. This is a non-rotating torque balanced rope used in 

either static or dynamic rope applications. To increase the rope’s lateral stability, 

in this study, a load-bearing core was introduced during the closing of the final rope, 

another 12-strand braided rope, to ensure a torque free performance. This makes it 

a double braided rope, as seen in Figure 5 d2) (Euronete 2018; ISO 2009; McKenna, 

Hearle, and O’Hear 2004; Vaseghi 2004). 

Another construction, braid over braid/laid ropes, seen in Figure 5 e), has a higher 

complexity, in which the immediate sub-element, the braid’s strand, is a rope itself 

(an assemble of twisted or braided strands). (McKenna, Hearle, and O’Hear 2004; 

Vaseghi 2004). 

In the multi-core rope constructions, the central strength member is made of many 

individual elements, held together by an external braided jacket, to hold the sub-

ropes in place and protect from abrasion (jacketed ropes), as seen in Figure 5 f). If 

fibres lie at an angle to the rope axis (instead of being parallel), there is a loss of 
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strength and stiffness, when compared to the value of the fibres themselves. To get 

higher efficiencies, an assembly of parallel yarns was enclosed within a plastic or 

braided jacket, as in Figure 5 g). With their high strength conversion efficiency, 

parallel-yarn ropes are good for some applications, but their high bending stiffness 

limits their uses (Dourado 2016; McKenna, Hearle, and O’Hear 2004; Vaseghi 2004). 

Despite the construction, a fibre rope is only as strong as its weakest link, which is 

often the termination: disturbance of the rope structure in the area of the 

termination can reduce strength. The role of the termination is to connect the rope 

to something else and to distribute the load uniformly through the filaments, since 

the strength of the rope is dictated by the strength of the filament, amongst other 

factors. However, any non-uniformity in the load transfer between the termination 

and the other rope constituents will result in a reduction in the total rope strength 

(McKenna, Hearle, and O’Hear 2004; Vaseghi 2004). 

The spliced eyes are the most used form of termination, a method in which the 

rope’s tail is buried or interweaved in its own body to make a loop (eye) as a 

termination and connection point. An eye-splice is the most widely used and usually 

the most efficient permanent termination. This technic works well with the slippery 

nature of HMPE ropes, as the buried length can be as long as necessary to hold it 

firmly. It is extensively used in 12-strand hollow braided ropes, as seen in Figure 6 

a), and can be a very reliable termination for cyclic loading. Fibre rope splicing is a 

skill that must be learnt; hand splicing is difficult to perform, time consuming and 

very labour dependent (McKenna, Hearle, and O’Hear 2004; Vaseghi 2004). 

 

 

Figure 6. a) splice eye termination with chafe protection gear; b) mechanical termination 

and c) socketed end termination; Adapted from (PARAFIL 2018) and reproduced with 

permition from Rui Pedro Faria (Lankhorst Euronete). 

 

a) b) c) 



13 
 

On the other hand, the mechanical termination, as seen in Figure 6 b), is a method 

in which the rope’s tail is trapped inside a conical shaped metal device that stops 

the rope from moving. Pressure and friction on the rope, are created by an internal 

conically tapered body, combined with a wedge (spike), that increases the pressure 

as tension is applied. The main problem of this termination is a high stress 

concentration near the socket, which leads to premature failure of the rope inside 

the socket (McKenna, Hearle, and O’Hear 2004; Vaseghi 2004). 

Lastly, socketed terminations, as seen in Figure 6 c), are produced by separating 

the strands, spreading out the yarns and distributing them inside a conical socket. A 

resin is then introduced and encapsulates the filaments. Socketing is mostly done 

with no tension in the rope, so the diameter as it enters the encapsulation is fixed 

at the zero tension level. However, when loaded, the rope diameter decreases but 

the socketing resin is incompressible and does not move, causing an abrupt lateral 

step at the rope/resin junction around the circumference (McKenna, Hearle, and 

O’Hear 2004; Vaseghi 2004). 
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2.1.5. PROPERTIES OF ROPE 

2.1.5.1. PHYSICOCHEMICAL PROPERTIES 

The properties of the synthetic ropes discussed can be analysed through 

complementary ways, related to the fibres: the physicochemical properties that the 

material has to have due to the conditions it is under, when in service, and its 

mechanical properties. In terms of the properties that the material has to have, 

when in service, these are, amongst others, ultraviolet (UV) radiation and abrasion 

resistance or the material’s density (Flory et al. 2004; Hearle and Morton 2008). 

Hoisting ropes have certain requirements that are general for all ropes: they should 

be highly efficient in utilising the strength of continuous fibres, light and easy to 

handle for hoisting handling in cranes, have an efficient method of termination, 

amongst others. A specific requirement is being durable for environment exposure, 

as they are used outdoors (FEM 2017; ISO 2010). 

The UV radiation resistance is a key property for ropes, since the filaments that form 

the base composition of the synthetic fibre ropes are susceptible to damage from 

prolonged exposure to this kind of radiation. During the production of ropes, the 

individual filaments are bundled into yarns, strands and subsequently into ropes, 

which provide higher protection to the individual yarns by increasing the density and 

the level of compaction of the structures. UV radiation only penetrates to a small 

depth, so its effect on the rope is diminished with the increase of the diameter. 

Through external protection on ropes, with coatings, these provide added protection 

to the core of the rope. Naturally, storing the ropes in protected conditions from UV 

radiation, is advised. HMPE and PET are more resistant to UV radiation than nylon 

66, which still has a higher resistance than PP, LCP, aramid or PBO, the least resistant 

of the mentioned materials (Hearle and Morton 2008; McKenna, Hearle, and O’Hear 

2004). 

Another important property is density; in Table 1 are different densities from 

different materials used in the rope industry. Density can be defined as a measure 

of the degree of mass compactness in a given volume. Steel has a density of about 

7.9 g/cm3 and, in comparison, the other materials represented have considerable 

lower densities, of about 1 g/cm3 to 1.5 g/cm3. Specifically, nylon 66, PP and HMPE, 

have lower densities of around 1 g/cm3, being slightly surpassed by aramid and PET, 

with densities of around 1.4 g/cm3 and LCP and PBO with a density of 1.5 g/cm3. The 
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lower density of synthetic materials, when compared to steel, allows for a reduced 

weight of ropes, which increases the ease of handling of the materials, when in 

service. 

 

Table 1. Comparison of properties of materials; Adapted from (Hearle and Morton 2008). 

 
Density 
(g/cm3) 

Melting Point (ºC) Tg (ºC) 
UV 

Resistance 
Acid 

Resistance 

SYNTHETIC FIBRES 

PP 0.91 166 -20-0 Poor Intermediate 

HMPE 0.97 149 -150 Excellent Excellent 

Nylon 66 1.14 218-254 50 Good Poor 

PET 1.39 249-260 70 Excellent Intermediate 

Aramid 1.39 Carbonizes before melting 250 Poor Intermediate 

LCP 1.42 280-330 103 Poor Good 

PBO 1.54 Carbonizes before melting 250 Poor Good 

METALS 

Steel 7.90 1420-1550 - Good Good 

 

In Table 1 are represented different physicochemical properties of different 

materials used in ropes. The materials are positioned in order of their density, from 

lower to higher density, and it can be seen that the melting point follows virtually 

the same trend as density, making HMPE the one with the lowest melting point, 

followed by PP, nylon 66, PET and LCP, and aramid and PBO carbonize before 

melting. 

In terms of being resistant to acids, only HMPE has excellent resistance to this 

property, followed by LCP and PBO with inferior resistances, when compared to 

HMPE, but still superior to those of polypropylene, polyester or aramid. Nylon 66 is 

the only material presented that has poor resistance to acids. 

The glass transition temperature (Tg) is the reversible transition in amorphous 

materials between two physical states: a hard and relatively brittle state and a 

viscous state, as the temperature is increased. This property distinguishes polymers 

in amorphous and crystalline polymers. By analysing Table 1 it can be seen that PP 

has the lowest Tg, followed by HMPE, nylon 66 and PET, with values significantly 

superior to that of PP, but still lower than LCP’s, which has a very low Tg, when 

compared to aramid and PBO. 
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2.1.5.2. MECHANICAL PROPERTIES 

One of the most important mechanical properties in ropes made from high 

performance fibres is abrasion, more specifically, their resistance to abrasion. 

Abrasion results in a loss of load bearing material and, therefore, in a loss of strength 

and resistance to deformation. There is a direct correlation between the visual 

aspect of the rope and its residual strength, as it can be seen in Figure 1, Annex A. 

Abrasion occurs through the contact between the rope and other materials, leading 

to external abrasion, or internal abrasion, between yarns. In braided ropes, external 

abrasion occurs mainly in the crowns of the strands, in the outer part of the braid. 

Some external abrasion will always occur, but external damaged filaments should 

not be removed, since they act as a barrier and protect inner filaments that, without 

the external ones, would be exposed to more severe abrasion levels (Dourado 2016). 

The resistance to abrasion can be measured on a scale, from one to five, being the 

lowest level one and the highest five, according to norm ISO 9554:2010. As it is shown 

in Table 2, HMPE is the material with the highest resistance to abrasion alongside 

nylon 66, with a value of five. PET has a value of four, as well as LCP, followed by 

PP, aramid and PBO, with the lowest values, of two (ISO 2010). 

 

Table 2. Comparison of properties of materials; Adapted from (Hearle and Morton 2008). 

 
Density 

(g/cm3) 

Abrasion 

resistance 

Tenacity 

(N/mm2) 

Fibre 

elongation at 

break (%) 

Elastic modulus 

(N/mm2) 

Tensile 

strength 

(N/mm2) 

SYNTHETIC FIBRES 

PP 0.91 2 700.00 22.00 1000.00 590.00 

HMPE 0.97 5 4000.00 3.50 70000.00 3450.00 

Nylon 66 1.14 5 900.00 27.50 10000.00 980.00 

PET 1.39 4 800.00 18.00 2000.00 1100.00 

Aramid 1.39 2 2800.00 4.50 150000.00 2850.00 

LCP 1.42 4 2500.00 3.00 170000.00 3100.00 

PBO 1.54 2 4500.00 2.50 230000.00 5800.00 

METALS 

Steel 7.80 - - 1.00 210000.00 2500.00 

 

Another important mechanical property, shown in Table 2, has to do with tensile 

strength. Tensile strength is defined as the maximum stress that a material can 

withstand while under load, tending to elongate, before breaking. Through the 
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analysis of the Table 2 it is noticeable that materials such as polypropylene (PP) are 

those who have lower values of tensile strength, of around 500 N/mm2, followed by 

nylon 66 and poly(ethylene terephthalate) (PET), slightly higher than nylon 66, but 

both of around 1000 N/m2. Aramids and LCPs have higher tensile strength than the 

other materials, of roughly 3000 N/mm2, even higher than that of steel, of 2500 

N/mm2. HMPE stands out from the previously mentioned materials with tensile 

strength values of around 3500 N/mm2 but, from all the materials shown in Table 2, 

PBO is the one with the highest tensile strength, of 5800 N/mm2. 

An important characteristic of the strength elongation response of a fibre is the 

maximum elongation at break. In Table 2 it is shown that nylon 66 has an elevated 

fibre elongation at break, of around 27.5%, when compared to the other materials, 

especially to aramid (4.5%), LCP (3%), PBO (2.5%), HMPE (3.5%) or steel (1%). Along 

with nylon, so do PET, PE and PP have high fibre elongation at break, of around 18%, 

18% and 22%, respectively. In high performance ropes, materials with high tensile 

strength are the most indicated ones since, when in service, they will be subjected 

to high loads and should not break easily. 

Tenacity is defined as the amount of energy that a material can absorb before 

breaking, making the material more fragile or ductile, depending on whether the 

tenacity value is low or high, respectively. In Table 2, PP, along with PET and nylon 

66, are the synthetic materials being analysed that have the lowest tenacity, 

followed by LCP and aramid, with substantially superior tenacity than the previous 

materials, but still not as high as HMPE and PBO. The use of HMPE in high 

performance ropes has a lot to do with this property, since this material has an 

excellent stress/strain relation but is not as expensive as PBO, which has an even 

better tenacity than HMPE. 

Elastic modulus is a measure of the stiffness of a solid material and defines the 

relationship between the applied stress and the resulting elastic strain, in a material. 

The higher the modulus, the stiffer the material or the lower its elastic deformation, 

when under stress. Therefore, in a similar way to tenacity, PBO, LCP and aramid 

show the highest elastic modulus, followed by HMPE and, finally, nylon 66, PET and 

PP, which have the lowest elastic modulus. 

Steel, in the multiple mechanical properties analysed, is used as a reference to 

compare to the other materials, since those are the desirable values, except density. 
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2.2. HOISTING ROPES 

Today’s lifting equipment typically uses steel wire ropes, so there is vast experience 

and knowledge with this type of rope, in varied applications. It seems challenging to 

substitute steel wire ropes for fibre ropes in lifting applications with standard lifting 

equipment. Compared to steel wire ropes, there is little experience in standard 

lifting applications with synthetic fibre ropes. To overcome this dilemma, FEM joined 

forces with fibres and rope manufacturers to collect existing experience and to 

develop the application of synthetic fibre ropes. In Figure 7 is an example of a 

synthetic fibre rope used in a crane, with standard lifting equipment (FEM 2017; 

Samson Rope 2016). 

 

Figure 7. Example of a synthetic fibre rope on a crane; Adapted from (Samson Rope 2016). 

 

As in steel wire ropes, running synthetic fibre ropes also have a limited service life 

and need to be regularly inspected and examined, so that they are replaced well 

before failure. The fact that these fibre ropes can be used in the existing hoisting 

equipment, are torque neutral, and reduce the damage imposed to the reeving 

systems, are major advantages for crane manufacturers. However, some conditions 

must be taken into consideration, such as making sure that the grooves, for example, 

do not have sharp edges that could cut the synthetic rope, to the point that it fails. 

Synthetic fibre ropes also meet the requirements imposed to steel wire ropes, such 

as: surface quality (no damages); certain mechanical properties (tensile strength and 

tenacity of steel wire ropes of 2160 N/mm2, versus 3000 N/mm2 for fibre rope); 
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dimensional tolerances (specially for the diameter), amongst others (ISO 2010; ISO 

2017; Samson Rope 2016). 

When it comes to synthetic fibre hoisting ropes to use in cranes, especially mobile 

cranes, the main stimulus has to do with reducing the weight of the rope set. There 

has been some product development in the past few years, but there are only two 

products with operational history: Samson’s K-100TM and Teufelberger’s soLITE®. K-

100TM is made from a combination of high performance fibres developed by Samson 

(rope makers) and Manitowoc (cranes) for mobile lifting cranes. It is 80% lighter than 

steel wire ropes, but has the same strength, and unlike wire ropes it will not rust 

and is used in standard cranes; however, the surfaces need to be treated, to reduce 

abrasion problems. It has extensive field testing and some operational history. 

soLITE®, is the result of a cooperation between a steel wire and fibre ropes specialist, 

Teufelberger, and crane manufacturer Liebherr. This product was conceived to be 

used in cranes and has extensive field-testing, but its operational history is unknown. 

There were other projects, focused on deepwater installation of subsea hardware 

(JIP-DISH), or deepwater deployment and recovery, to study the behaviour of ropes 

in dynamic applications, under high tensile loads (Beckam 2005; Boesten 2014; Lee, 

Han, and Chang 2011; Samson Rope 2016; Scott 2014). 

A traction winch system to service subsea equipment, designed for HMPE ropes, for 

example, was the solution offered by Logan Industries and Samson specifically for 

Shell’s Perdido spar (floating oil platform), seen in Figure 8. 

 

 

Figure 8. Shell’s platform (left) and detail of the traction winch system with a HMPE rope 

mounted (right); Adapted from (Scott 2014). 
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2.2.1. DYNAMIC FIBRE ROPES 

The main function of fibre ropes is as tension members, to allow for operations such 

as dragging or lifting. Apart from external factors, such as environmental damages 

and abrasion caused by external surfaces, the durability of a fibre is dictated by its 

ability to withstand fatigue caused by varying tensions, when in use. Tension fatigue 

is caused by tension cycles, which can also lead to internal abrasion (from relative 

movement of the rope sub-elements) and material creep (Dourado 2016). 

In the context of dynamic ropes, as ropes used in cranes, tension is transmitted along 

a rope as it undergoes bending over sheaves and/or winch drums. For these ropes, 

along with tension fatigue in free lengths of rope, bending fatigue occurs and is 

dominant when the rope undergoes bending over a curved surface. In bending 

fatigue, two additional failure modes are observed simultaneously: external abrasion 

(from contact with surfaces) and internal abrasion (from tension variation and 

bending induce movements). Thus, it is becoming industry practice to evaluate the 

performance of a dynamic rope by its tensile strength and its bending fatigue 

performance (Davies et al. 2015; Dourado 2016; Sloan et al. 2003). 

To evaluate bending fatigue and estimate the bending cycle life of a cordage, a 

Cyclic Bending Over Sheaves (CBOS) test is performed. In this test, a rope runs over 

a sheave while under tension, as it is made to cyclically move onto and out of the 

sheave, so that a section of the rope undergoes the stages: straight-bent-straight.  

Due to low radial stiffness, a fibre rope’s shape is deformed when it is radially 

compressed, which in the case of a rope bending over a sheave means that the rope 

shape will mimic the sheave groove shape. As the rope enters the sheave, the rope 

that was under a uniform distribution of tension becomes distorted, with outer 

strands under higher tension, and inner strands being compressed, seen in Figure 9 

(Davies et al. 2015; Dourado 2016; Sloan et al. 2005). 

 

Figure 9. Effects of traction and compression in the rope diameter; Adapted from 

(Dourado 2016). 
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Repeated change between these two states causes scissoring between the strands of 

the rope. The magnitude of this effect is increased for decreasing bending ratios. 

Abrasion also occurs on the outer surface of the rope, which contacts with the sheave 

surface. It is assumed that, generally, it is internal abrasion and tension gradients, 

which through friction and hysteresis (respectively), generate heat and reduce the 

life of the rope. Abrasion mechanisms will vary with fibre properties and are 

naturally aggravated for higher tensions. Other tests required for dynamic fibre ropes 

(ISO 2307:2010 and ISO 18692:2007): linear density; break force, tenacity and 

elongation; abrasion performance; dynamic stiffness, amongst others (Davies et al. 

2015; ISO 2007; ISO 2010). 
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3. EXPERIMENTAL PROCEDURE 

The different materials used in this work are referred to as: HMPE 1, HMPE 2 and 

HMPE 3. HMPE fibres are here used because they provide the tensile properties 

needed to compete with steel, in mobile crane applications, when compared to other 

high performance/high tenacity fibres, such as: high tenacity, lightweight, more 

resistant to axial compression, more background knowledge in dynamic applications 

than most high performance fibres, more fibre knowledge inside the company. 

The fibres are supplied in multifilament bundles of nominal linear density of 1600 

denier (HMPE 1 and HMPE 3) and 1700 den (HMPE 2). HMPE 1 is provided by a supplier 

“A”, and HMPE 2 and 3 by a supplier “B”. Even though all fibres are HMPE, the exact 

structure of the filaments is not known, as well as any gel spin finish applied, which 

may have modified their surface properties. It is indicated by supplier “B” that HMPE 

2 has an additional finish to improve fibre-to-fibre abrasion and creep resistance. 

The fibre sub-elements tested are differentiated as: i) fibre multifilaments in the 

same condition as they are provided to Lankhorst Euronete by the different 

suppliers; and ii) fibre multifilaments twisted together into yarns and coated (in the 

company) with a polymer solution. The above fibre sub-element differentiation, 

hereafter, is done as so: i) “As-Supplied” (AS) – HMPE 1 is AS1, HMPE 2 is AS2 and 

HMPE 3 is AS3; ii) “Indoor-Coated” (IC) – HMPE 1 is IC1, HMPE 2 is IC2 and HMPE 3 is 

IC3. In terms of ropes: HMPE 1 is R1, HMPE 2 is R2 and HMPE 3 is R3. 

The coating of the “indoor-coated” fibres (which are taken from finalized ropes) is 

a blend of synthetic polymers, such as polyurethane and others, aimed at improving 

abrasion resistance and to agglutinate the fibres, which otherwise would spread out 

and open up the construction. The ropes tested are double braid constructions (12 x 

1 core + 12 x 1 cover). The rope that is the base for testing how these fibres compare, 

and the product the company is developing and prototyping for the market, is 

Lanko®Lift S, as seen in Figure 10. 

 

Figure 10. Construction of the Lanko®Lift S; Reproduced with permition from Rui Pedro 

Faria (Lankhorst Euronete). 
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3.1. TESTING OF ROPE ELEMENT PROPERTIES 

a) Fourier Transform Infrared (FTIR) analysis 

Infrared spectroscopy is a useful method for the characterization of the chemistry of 

the fibre surface and any coating in it. A chemical characterization of the as-supplied 

fibres used in this work took place at DEMM/FEUP. The results regarding the 

chemical components associated with the samples were obtained with the FTIR-ATR 

method, in order to produce a recognized fingerprint of the fibres. The Fourier 

transform infrared (FTIR) spectra were recorded on a Fourier transform infrared 

spectrometer (JASCO FT/IR – 4100) assembled with an ATR (ATR PRO410-M) 

accessory, as seen in Figure 11. The spectra were obtained after the accumulation 

of 64 scans, acquired with a resolution of 4 cm-1. 

 

 

Figure 11. FTIR-ATR spectrometer. 

 

b) Scanning Electron Microscopy (SEM) analysis 

A scanning electron microscope reproduces the topography and structure of a sample 

by collecting secondary or backscattered electrons created by scanning the sample 

with a focuses electron beam, whose energy ranges from 100 eV to 30 keV. The 

resulting images can be collected at very high magnification to provide information 

about surface topography. The images of the surface of the as-supplied and indoor-

coated fibres were collected with the use of the FEI QUANTA 400FEG equipment with 

the FEI xTm v4.1.0 software, as seen in Figure 12, at a resolution of 3 mm, 100 µm 

and 5 µm, in CEMUP (Centro de Materiais da Universidade do Porto). 
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Figure 12. SEM equipment. 

 

c) Yarn-on-Yarn abrasion testing 

This test was performed in a yarn-on-yarn abrasion test machine designed 

specifically for Lankhorst Euronete, see Figure 13, in accordance to the yarn-on-

yarn abrasion test specified in ASTM D 6611-00 (2007). 

 

 

Figure 13. Yarn-on-yarn abrasion test apparatus used (left) and configuration scheme 

(right). 

 

The test was performed in dry conditions using 8 samples for each load level (see 

Table 3), in order to determine the effect of the coating on the internal abrasion 

resistance of the fibres, through the determination of the number of Cycles To 
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Failure (CTF – the number of cycles applied to the yarn before it fails due to 

abrasion). 

 

Table 3. Average dimensions of fibres on the yarn-on-yarn abrasion test. 

 As-Supplied (AS) Indoor-Coated (IC) 

 
Nº samples 

per load 
Length (mm) Ø (mm) 

Nº samples 

per load 
Length (mm) Ø (mm) 

HMPE 1 8 

1000 ± 20 < 0.5 

8 

 1000 ± 20 3 ± 0.5 HMPE 2 8 8 

HMPE 3 8 8 

 

The samples were interwrapped (1.5 twists) in contact with themselves between 3 

pulleys that are positioned in a norm defined geometry to produce a specific 

intersection angle. Weights corresponding to 1%, 3% and 5% of the average break 

force (ABF, in N) for the as-supplied fibres were attached to one end to apply 

tension. The other end was drawn back and forth at a constant stroke at 60 rpm until 

the fibres fail due to abrasion upon itself within the interwrapped region. 

The weights used for the indoor-coated fibres was only of 1% ABF due to limitations 

of the amount of weight the test apparatus can withstand. 

A total of 72 tests for as-supplied fibres and 24 tests for indoor-coated fibres were 

therefore performed. The room temperature was of 24 ºC, with a humidity of 64% 

and the surface of the machine was cleaned, in between tests, as specified in the 

norm. 

 

d) Yarn-on-Metal abrasion testing 

This test was performed in different yarn-on-metal abrasion machines, designed in 

Lankhorst Euronete, see Figure 14. The abrasion surfaces in contact with the fibre 

are metals, and with a similar contact geometry, with fibres passing over three metal 

edges. 
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Figure 14. Yarn-on-metal abrasion test apparatus for as-supplied fibres (left) and indoor-

coated fibres (right). 

 

As with the yarn-on-yarn test equipment, the fibre is made to move back-and-forth 

at a constant stroke. The objective of the test is to determine the effect of the 

coating on the external abrasion resistance, through the determination of the cycles 

to failure (CTF). 

As-supplied fibre samples (see Table 4) are run at 80 rpm, for a total of 24 samples, 

and indoor-coated fibres at 30 rpm, for a total of 24 samples. 

 

Table 4. Average dimensions of fibres on the yarn-on-metal abrasion test. 

 As-Supplied (AS) Indoor-Coated (IC) 

 
Nº samples 

per load 
Length (mm) Ø (mm) 

Nº samples 

per load 
Length (mm) Ø (mm) 

HMPE 1 8 

1000 ± 20 < 0.5 

8 

 3000 ± 50 3 ± 0.5 HMPE 2 8 8 

HMPE 3 8 8 

 

There is no defined international standard for external abrasion testing of fibre yarns 

and it is known that there is typically a large dispersion of results; yarn-on-yarn 

abrasion test conditions (ASTM D 6611-00) are used as a guide (sampling and 

tensions). In this case, the test was performed in dry conditions using samples from 

each type of fibre, for a load of 4% ABF for both as-supplied and indoor-coated fibres. 
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The room temperature was 20ºC (for as-supplied fibres) and the surface of the 

machine was cleaned in between tests. 

Initial testing with indoor-coated fibres was performed to understand the behaviour 

of these fibres and establish test conditions. It was observed that fibres survived 

beyond 10000 cycles, with an estimated 5% of material lost, even when tension was 

increased to about 6.5% ABF. This was determined to be caused by coating gradually 

accumulating on the surface, creating a layer that “protected” the surface where 

the fibres touched the abrasion object, influencing the results in a way that the 

number of CTF were vastly higher than they would be in reality, when in service. 

Although it attests the effect of coating under such conditions, there was no time to 

perform the tests in these conditions. This shows a clear limitation of the test in 

reproducing real conditions, where a variety of surfaces are contacted, and this 

accumulation of coating is circumstantial. The main interest is to compare the 

behaviour, and as a compromise a modified procedure was devised. Due to the 

amount of superficial coating in the indoor-coated fibres, the following procedure 

was applied: every 20 minutes (600 cycles) the machine was stopped and the surface 

of the machine where the fibres touch was cleaned with a cloth. 

 

e) Coefficient of Friction 

The test was performed in accordance to ASTM D 3108-07, to measure the Coefficient 

of Friction (CoF) of a fibre in contact with a solid surface, using a dynamometer 

Zwick/Roell Z005 (5kN), seen in Figure 15, and with the software Test Xpert II. 

 

 

Figure 15. Coefficient of Friction test apparatus (left) and detail of the pulley 

arrangement (right); Adapted from (Dourado 2016). 

T2 

T1 
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A length of fibre (see Table 5) is put in contact with a single friction surface, a 

pulley. 30 samples of as-supplied fibres and another 30 samples of indoor-coated 

fibres were tested. The test is run by moving the dynamometer cross-head, at a 

relative speed of 100 m/min, until a 25 mm distance of cross-head is reached, in 

accordance to the procedure. 

 

Table 5. Average dimensions of fibres on the coefficient of friction (CoF) tests. 

 As-Supplied (AS) Indoor-Coated (IC) 

 Nº samples Length (mm) Ø (mm) Nº samples Length (mm) Ø (mm) 

HMPE 1 10 

1000 ± 10 < 0.5 

10 

 1000 ± 10 3 ± 0.5 HMPE 2 10 10 

HMPE 3 10 10 

 

The friction testing apparatus uses the “capstan equation” (1). The ratio of output 

to input tensions is established directly and the CoF is indicated by the computer 

software. However, because the absolute level of input tension can affect the 

measured coefficient of friction for certain fibres, particularly low-twist ones, the 

general level of input tension should be set to zero before inserting the sample 

around the disc, which in this case was done with the use of a weight disk tensioner 

(1800 ± 1x10-4 gr) tied to one end of the fibres. The friction surface was a pulley with 

a 30º groove opening angle and diameter of 11 mm and creating a contact angle of 

180º with the fibres. 

The samples were locked in the lower claw of the dynamometer, and 2 wraps around 

the claw were necessary, for the as-supplied fibres, to eliminate fibre slippage. As 

the head of the dynamometer is moved upwards, the amount of force on one leg of 

the fibre yarn increases until the static friction force is surpassed and slipping occurs. 

While moving, the dynamic coefficient of friction is determined. For the dynamic 

CoF, in equation (1), T2 is equal to the average tension after 1% of displacement. 

For the static CoF, in equation (1), T2 is equal to the maximum load during the test. 

 

Determination of the coefficient of friction (CoF): 

T2 = T1e
μα ↔  

T2

T1
= eμα   ↔  𝜇 =

1

α
𝑙𝑛 (

𝑇2

𝑇1
)  (1) 

where: 

µ = coefficient of friction 
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T1 = average input tension, N 

T2 = average output tension, N 

α = cumulative wrap angle, radians 

 

f) Creep 

This test was performed in accordance to an internally defined test procedure WI-

612 (simplified version of ISO 899-1), with a simple equipment designed by Lankhorst 

Euronete, to determine the creep rate of the fibre. This is evaluated as the extension 

(in %) for each interval of time, with the use of the equation (2). The test was 

performed at a room temperature of 25ºC, applying a tension (equating to 12.5% of 

their average breaking force, ABF). A total of 12 samples (see Table 6) of as-supplied 

fibres were prepared by tying one of the extremities of the fibre to the lever and 

the other one to the corresponding stretcher, see creep test apparatus in Figure 16. 

 

 

Figure 16. Creep test apparatus; Adapted from (WI-612). 

 

Table 6. Average dimensions of as-supplied fibres for the creep test. 

 As-Supplied (AS) 

 
Nº samples 

per load 
Length (mm) Ø (mm) 

Load  

(12,5% ABF) 

HMPE 1 4 

1500 ± 10 < 0.5 

7.07 ± 1x10-4 kgf 

HMPE 2 4 6.26 ± 1x10-4 kgf 

HMPE 3 4 7.19 ± 1x10-4 kgf 
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Each lever was at the highest position, not at rest, and two marks were made in each 

sample at a distance of 500 ± 1 mm from each other (reference length, L0). The 

weights are adjusted to obtain the wanted tensions for the tests, with a ± 2% 

tolerance. The distance between the two marks is measured after “i” minutes: 1 

min, 10 min, 120 min and 1440 min (24 h), registering those as L1, L2, L3 and L4, 

respectively. From linear regression semi-log scale (time) to the data, the creep rate 

is extracted, expressed as the sample elongation between 10 and 100 minutes. 

Due to limitations of the amount of weight the test apparatus can support, indoor-

coated fibres were not tested to creep fatigue. A comparison with indoor-coated 

fibres would be interesting to understand if processing had affected this property. 

 

Determination of creep: 

𝐸(%)𝐿𝑥 =
𝐿𝑥−𝐿0

𝐿0
 × 100  (2) 

where: 

E(%)Lx = creep extension after “i” minutes 

L0 = reference length 

Lx = the distance between two marks, after “i” minutes 

 

3.2. CHANGE IN LENGTH PROPERTIES (CILP) AND BREAK TESTING OF FIBRE ROPES 

a) Elongation and diameter during bedding-in 

Before testing a rope to break in a tensile tester, in this case a machine designed 

specifically for Lankhorst Euronete (the 1000kN Lankhorst Tensile Tester) (see 

Figure 17 (left)), with a software designed particularly for that machine, the 

bedding-in process is performed. 

The elongation on the rope is continuously monitored by the pin-to-pin length, with 

the use of an extensometer attached to the rope in its mid-section. The rope is 

subjected to a test procedure, as follows: 1) rope is loaded to a force of reference, 

at 1% of estimated Minimum Breaking Force (MBF), for 17 minutes; 2) followed by 

loading to 50% MBF of the rope, this tension is hold for 30 minutes and tension is 

then lowered to a load of reference; 3) finally, tension is cycled 100 times between 

1% and 20% MBF. After each procedure point above, the rope diameter is measured 

with a pachometer, in two directions perpendicular to the rope axis, at the mid-
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section of the rope, as internal adjustments occur during this process and the 

diameter changes. 

The initial sample length is measured after step 1 and elongation is reported 

automatically as percentage elongation relative to that initial length. 

 

b) Break Force and tenacity 

i) Fibres’ break force and tenacity 

Break force (BF, in N) tests were performed in both as-supplied and indoor-coated 

fibre samples in a dynamometer Zwick/Roell Z100 (100kN), see Figure 17 (right), 

with the use of the software Test Xpert II. 

 

 

Figure 17. Tensile test machines for ropes (left) and for fibres (right). 

 

Each sample of fibre (see Table 7) was locked in both the lower and the upper claw 

of the dynamometer, and 2 wraps around each claw were necessary to eliminate 

fibre slippage, as the cross-head is moved up, at a rate of 25 mm/min, until the fibre 

breaks. 

 

Table 7. Fibres’ and ropes’ average dimensions on break force tests. 

 FIBRES ROPES 

 AS IC Length 

(mm) 

AS IC Nº 

samples 

Length 

(mm) 

Ø 

(mm)  Nº samples Ø (mm) 

HMPE 1 10 16 

250 ± 10 < 0.5 3 ± 0.5 

3 

3200 ± 100 16 ± 1 HMPE 2 10 16 3 

HMPE 3 10 16 3 
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The objective of the test is to obtain the average break force (ABF) of the fibres, 

which is given by the software Test Xpert II, and allows us to calculate the Realization 

Factor (RF), with the use of the equation (3), according to ISO 2307/OCIMF 2000. 

The RF reflects how much of the potential breaking force is obtained in the final, 

tested rope. Normally, potential breaking force is evaluated as the total breaking 

force of the yarns taken from the rope - rope realization factor. However, we can 

also define it as the potential breaking force of the fibre as supplied – fibre 

realization factor. The first gives an indication of the efficiency of the construction, 

while the latter evaluates the efficiency of the whole process: from as-supplied 

fibres, to coating them and giving them some torsion and constructing a rope. 

After the tensile strength test was conducted and the break force of the different 

fibres was obtained, by knowing their linear density (LD – the mass per unit length 

of a fibre, yarn or rope, in tex – g/1000 m), we can calculate their tenacity (in N/tex). 

 

Determination of the fibres’ RF: 

RF =  
Break Force "BF" of rope

TOTAL fibre break force
 × 100%  (3) 

Where: 

TOTAL fibre break force = NF x ABF_f 

NF - total number of fibre ends in rope construction 

ABF_f - average break force of fibres 

 

ii) Ropes’ break force and tenacity 

After the procedure described in a), the rope is immediately pulled to break by 

loading at around 20% MBF/min. The rope’s realization factor is calculated with the 

use of the equation (4). After the tensile strength test was conducted to obtain the 

break force (BF) of the different ropes, by knowing their linear density of “weight 

per meter” (g/m), we can convert it to tex and calculate their tenacity (N/tex). 

 

Determination of the ropes’ realization factor (RF): 

RF =  
Break Force "BF" of rope

TOTAL yarn break force
 × 100%  (4) 

Where: 

TOTAL yarn break force = NF x ABF_y 

NF - total number of twisted yarns 

ABF_y - average break force of yarns taken from rope produced 
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c) Elongation at break 

The elongation at break is the maximum extension reached at sample break 

(maximum load). Elongation at break is the result of the extension of the sample due 

to construction, after the bedding-in, as well as fibre stretch. It can be determined 

relative to the initial sample length (equivalent to “new rope”). With bedding-in, 

the permanent stretch of a “used rope” is mimicked. Relative to normal used rope 

length, the elongation at break is lower (compared to new rope), therefore the 

“immediate” elongation at break can be calculated, wherein the reference sample 

length is that of a used rope. This is calculated by the difference of elongation at 

break minus elongation after bedding-in. The elongation (%) is obtained directly from 

the tensile test performed in the 1000 kN Lankhorst Tensile, see Figure 17 (left), 

with the software specifically designed for that machine. 

 

d) Dynamic stiffness 

The elastic modulus of a dynamic fibre rope is evaluated through its dynamic 

stiffness. Stiffness is a structural property, influenced by the geometry of the sample 

as well as the material of which it is made of. The elastic modulus is a property that 

is intrinsic to the material and is not influenced by the sample’s geometry. In the 

fibre rope industry, it is more common to characterize the load-elongation properties 

of a rope through static and dynamic stiffness as defined by the slope of secant to 

Load-Extension curves (in % of MBF and % of initial sample length). 

The main concern is the dynamic stiffness, since critical stages of a hoisting 

operation, such as pick-up and set-down, where the rope undergoes the highest load 

variations, happen in short time scales. It is calculated from load-elongation 

measurements, in accordance to ISO 18692:2007(E). Dynamic stiffness is calculated 

through the equation (5). 

 

Determination of the dynamic stiffness (Krd): 

𝐾𝑟𝑑,𝑋→𝑌 =

𝐹𝑌−𝐹𝑋
𝐹𝑀𝐵𝐹
𝐿𝑌−𝐿𝑋

𝐿𝑋

→
F𝑌(%)−𝐹𝑋(%)

𝐿𝑌(%)−𝐿𝑋(%)
 (5) 

Where: 

Krd, X->Y – dynamic stiffness under cycling between load X and Y 

FY->FX – recorded variation of load over the last cycle 

𝐿𝑌−𝐿𝑋

𝐿𝑋
 – elongation between FX and FY over the last cycle 
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3.3. CYCLIC BEND OVER SHEAVE (CBOS) TESTING OF FIBRE ROPES 

The CBOS tests were performed in the Institute of Mechanical Handling and Logistics 

(IFT) of the University of Stuttgart. The CBOS machine used was made by the IFT, 

example in Figure 18, and allows testing in accordance to the FEM 5.024 Guideline. 

 

Figure 18. CBOS test schematics; Adapted from (Eduardo 2016). 

 

The test was used to evaluate the relative performance of different samples in the 

same bending conditions, by determining the cycles to failure (CTF) of each rope. 

The testing conditions were as follows: 1) Life factor = 100 (LF, is an indicator of 

bending conditions in CBOS tests. LF = SF(D/d)); D/d = 20 (D/d, the sheave to rope 

diameter ratio); safety factor = 5 (SF, the rope’s MBL divided by the maximum 

allowed carrying capacity of the system). 2) Tension of 20% ABF, within a ± 2% 

interval. 3) Sample length must allow terminations to be more than 10d from bending 

zone. 4) Sheaves: D/d = 20; sheave flange angle between 45º and 60º; diameter of 

sheave base to be between 1.04 and 1.14 x rope diameter; fleet angle should be 0º. 

5) Bending zones: single bend – stroke between 20 and 31 x nominal rope diameter; 

single bend region identified by markings on the rope; cycle time of 12 seconds. 6) 

Stopping criteria: complete rope break; complete break of one rope strand; rope 

tension cannot be maintained (due to rope elongation). These conditions are similar 

to the ones used in the field. When passing onto the sheave, the rope undergoes a 

single bend zone, a straight section of the rope that bends, as it enters the 

sheave, and then reverses direction, unbending, and exits the same side of the 

sheave, straightening, during one machine cycle. 
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4. RESULTS AND DISCUSSION 

4.1. TESTING OF ROPE ELEMENT PROPERTIES 

a) Fourier Transform Infrared (FTIR) analysis 

The FTIR results, regarding the chemical characterization of the components of the 

samples of as-supplied fibres used can be seen in Figure 19. An infrared spectrum is 

a plot of the infrared radiation transmitted or absorbed by a sample on the y-axis, 

versus wavelength on the x-axis. 

In the FTIR spectrum of a generic UHMWPE, also known as HMPE, from literature, 

the presence of two C-H aliphatic peaks, at 2915 cm-1 and 2848 cm-1 can be observed. 

At 2022 cm-1 the peak is identified as a methyl group stretching; at 1897 cm-1 it is 

associated with crystalline regions; C=O ester bond at 1690 cm-1; the presence of CH2 

scissor bending vibrations are also observed at 1472 cm-1; at 1370 cm-1 relates to a 

methyl group stretching; at 1303 cm-1 is associated with amorphous regions; at 965 

cm-1 trans vinylene groups, related to crosslinking; at 910 cm-1 terminal vinyl groups, 

related to crosslinking and scission; and an aromatic ring peak at 871 cm-1 can be 

identified in the spectrum (Chalmers and Griffiths 2003; Griffiths and Haseth 2007; 

Spiegelberg 2001). In Figure 19 is the FTIR spectra from the as-supplied HMPE fibres. 
 

 

Figure 19. FTIR-ATR spectra of the AS1, AS2 and AS3 fibres. 
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In the FTIR spectra of the as-supplied HMPE fibres, in Figure 19, the bands at 2915 

cm-1 and 2848 cm-1 are related to C-H asymmetric and C-H symmetric vibrations in –

CH2-, respectively. At 1623 cm-1 there is a vibration absorption peak for a carbonyl 

group. There is the presence of methylene bending vibrations are also observed at 

1472 cm-1. The Si-CH3 symmetric stretching is visible at 1259 cm-1. The peak at 1091 

cm-1 relates to Si-O-C stretching and at 1018 cm-1 associates with the Si-O-Si 

asymmetric stretching. The peak at 792 cm-1 relates to the Si-O of O-Si(CH3)2-O 

group. In Figure 19, the main peaks of the spectra of the HMPE fibres analyzed, that 

are common for all samples are: 2915 cm-1, 2848 cm-1, 1623 cm-1, 1472 cm-1, 1091 

cm-1 and 1018 cm-1. These peaks relate to the FTIR spectrum of a HMPE, as some of 

the peaks are common with the UHMWPE, from literature. 

Even though all fibres show the same bands at 1091 cm-1 and 1018 cm-1, these are 

more intense for AS2 and AS3 than for AS1, an indication that the first fibres might 

have a thicker coating than AS1 (though being a coating with similar composition). 

On the other hand, the bands at 1259 cm-1 and 792 cm-1, evidence of silicones, are 

just common for AS2 and AS3 (same supplier), indicating that the peaks are most 

likely related to the finish applied to these fibres by supplier B. Thus, FTIR analysis 

indicates that the special supplier coating applied to AS2 might be identical to the 

coating that is applied to AS3 but with different thicknesses, as in AS2 it might be 

thicker, therefore showing more intense bands. 

 

b) Scanning Electron Microscopy (SEM) analysis 

The results regarding the SEM are seen in Figures 20 and 21, which refer to the as-

supplied and indoor-coated fibres, respectively. In Figure 20 it is noticeable that 

AS2 shows more agglutinated fibres, in comparison to AS1 and AS3, which may be 

due to the special supplier coating, which bundles the fibres together. As well as 

AS2, so does AS3 show less dispersed fibres than AS1, which might be due to supplier 

“B”’s general fibre finish. AS1 also shows a very irregular cross-section, in various 

shapes and with varying thickness, when compared to AS2 and AS3, which have more 

regular and homogenous cross-sections, roughly oval-shaped. On the other hand, in 

Figure 21, it is visible the presence of the coating applied in Lankhorst Euronete 

involving and connecting fibres together. Even though this applied coating, that 

creates a polymeric matrix of principally polyurethane, is very flexible, it holds fibres 

together, promoting cooperation between filaments in the yarn, in terms of force of 
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transmission, and also reducing snagging. Overall, SEM also allowed for an inspection 

regarding the fibres’ cross-section dimensions. AS1’s cross-section is thicker, as it 

ranges from 13 to 34 µm, while AS2 and AS3’s cross-section ranges from 12 to 20 µm. 

The larger cross-section should, with similar tenacities, lead to a higher resistance 

to mechanical damage (until) breakage, when compared to a thinner cross-section. 

 

 

Figure 20. SEM images of as-supplied fibres (from left to right: AS1, AS2 and AS3). 
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Figure 21. SEM images of indoor-coated fibres (from left to right: IC1, IC2 and IC3. 

 

c) Yarn-on-Yarn abrasion testing 

When it comes to the yarn-on-yarn abrasion test, when a rope is subjected to cycles 

of varying tension, relative movements of the elements of the rope will occur. 

Internal abrasion results from the yarn-on-yarn contact, which normally occurs in 

working ropes, and cannot be avoided. Yarns laid in a longitudinal position rub 

against each other and saw into each other. 

In terms of as-supplied (AS) fibres, as seen in Table 8, and Figure 22, AS2 shows 

greater abrasion resistance, through the number of cycles to failure (CTF) at each 

applied load of average break force (ABF), than AS1 and AS3. Since AS2 is provided 

by the supplier with a special coating that aims at improving the fibres’ yarn-on-yarn 

abrasion resistance, the results are in accordance to the claim. 
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Table 8. Test results for yarn-on-yarn abrasion testing in as-supplied (AS) fibres. 

 Load applied 

 1% ABF 3% ABF 5% ABF 

AS1 0.55 kgf ± 1x10-4 1.70 kgf ± 1x10-4 2.85 kgf ± 1x10-4 

Nº CTF 10677 ± 776 654 ± 230 272 ± 31 

AS2 0.50 kgf ± 1x10-4 1.50 kgf ± 1x10-4 2.50 kgf ± 1x10-4 

Nº CTF 47035 ± 11384 6399 ± 813 1440 ± 135 

AS3 0.60 kgf ± 1x10-4 1.75 kgf ± 1x10-4 2.90 kgf ± 1x10-4 

Nº CTF 9525 ± 1151 627 ± 95 184 ± 47 

 

 

Figure 22. Comparison of yarn-on-yarn abrasion test results for as-supplied fibres. 

 

Overall, as the percentage of load applied to the fibres is increased (from 1% ABF to 

5% ABF), the number of CTF decreases, as expected, as fibres have to withstand a 

higher amount of weight, at a same linear density. In addition, AS1 and AS3 present 

similar values of CTF at the different loads applied, in contrast to AS2. The CTF 

values of the three fibres were expected to be similar, was it not for the special 

supplier coating of AS2, as they are all HMPE fibres. 

 

In terms of indoor-coated (IC) fibres, at a load of 1% ABF, as seen in Table 9, IC1 

(9262 ± 3205 CTF) and IC3 (7866 ± 2763 CTF) show higher numbers of cycles to failure 

(CTF) than IC2 (1908 ± 668 CTF), which shows the lowest values of CTF, for the same 

applied load. 
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Table 9. Test results for yarn-on-yarn abrasion testing in indoor-coated fibres. 

 Load applied (1% ABF) Nº CTF 

IC1 4.96 kgf ± 2x10-2 9262 ± 3205 

IC2 4.34 kgf ± 2x10-2 1908 ± 668 

IC3 4.51 kgf ± 2x10-2 7866 ± 2763 

 

Once the coating, which is the same for all samples, is applied to the as-supplied 

fibres, the resistance to yarn-on-yarn abrasion should be similar, as seen for IC1 and 

IC3, but, for IC2, it is drastically diminished, in comparison to the other fibres, as 

seen in Figure 23. IC1 and IC3, show an overlap of CTF results, with about 75% of 

the results in the same area of the graph, which means that these fibres show better 

yarn-on-yarn abrasion resistance, once coated, than IC2. 

 

 

Figure 23. Comparison of yarn-on-yarn abrasion test results in AS and IC fibres. 

 

This decrease might be due to the fact that AS2 has lower resistance to shear stress 
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mixed with the indoor coating, which might counteract the advantages of the first 

one applied. 

Overall, AS2 shows the highest values of cycles to failure (CTF) on the yarn-on-yarn 

abrasion test, when compared to IC2, which shows the lowest. This difference might 

be due to the increase of temperature between fibres, as time goes by, caused by 

the friction between them, since indoor-coated fibres are rougher than as-supplied 

fibres, leading to an increase of the fibres’ degradation, carrying more rapidly to 

failure. In terms of the other fibres, AS1, AS3, IC1 and IC3 show similar values of 

CTF, as their results overlap in the graph. 

In Figures 24 and 25 is shown an example of the degradation applied to the fibres. 

 

 

Figure 24. Example of a result from a yarn abrasion test in as-supplied (AS) fibres. 

 

 

Figure 25. Examples of results from yarn abrasion tests in indoor-coated (IC) fibres. 

 

d) Yarn-on-Metal abrasion testing 

In terms of the yarn-on-metal abrasion test, external abrasion results from the 

contact between the rope and another surface, such as the winch drum. These 

interactions, and their effects, will accelerate under high tension and when 

movements are perpendicular to the rope axis. 
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When it comes to as-supplied fibres at a load of 4% ABF, as seen in Table 10 and in 

Figure 26, the three fibres show an overlap for 75% of their results, which means 

that their results of CTF are similar, despite their scattered standard deviation, 

which has to do with the test’s inherent dispersed results. 

 

Table 10. Test results for yarn-on-metal abrasion testing in as-supplied fibres. 

 Load applied (4% ABF) Nº CTF 

AS1 2.26 kgf ± 1x10-4 2726 ± 263 

AS2 2.00 kgf ± 1x10-4 3262 ± 1126 

AS3 2.30 kgf ± 1x10-4 3584 ± 1204 

 

 

Figure 26. Comparison of yarn-on-metal abrasion test results in as-supplied fibres. 

 

In terms of indoor-coated fibres, for the same applied load of 4% ABF, as seen in 

Table 11 and in Figure 27, IC1 and IC3 show similar values of CTF, as 75% of their 

results overlap, in the graph. IC1 and IC3 show greater yarn-on-metal abrasion 

resistance than IC2, since the last one has the lowest number of CTF. 
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Table 11. Test results for yarn-on-metal abrasion testing in indoor-coated fibres. 

 Load applied (4 % ABF) Nº CTF 

IC1 19.82 kgf ± 2x10-2 2756 ± 1045 

IC2 17.35 kgf ± 2x10-2 890 ± 222 

IC3 18.05 kgf ± 2x10-2 3417 ± 1008 

 

 

Figure 27. Comparison of yarn-on-metal abrasion test results in indoor-coated fibres. 

 

The fact that the coating adhesion to the fibres is not always the same (some fibres 

might become more saturated with coating than others, even in the same batch, and 

the coating is left only in a superficial “layer”) might have contributed to the results 

obtained. During the yarn-on-metal abrasion testing in indoor-coated fibres, when 

the fibres completed each cycle, the metallic surface where the fibres rub was left 

covered in loose coating, which was removed, and this increased abrasion in the next 

cycle, lowering the number of cycles the fibre can endure, before breaking. 

In Figures 24 and 25 is shown an example of the degradation applied to the fibres. 

 

The yarn-on-metal abrasion test results cannot be directly compared between as-

supplied and indoor-coated fibres, as the test conditions were different: 80 rpm for 

AS fibres and 30 rpm for IC fibres, as well as using different surfaces (although they 
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were as similar as possible, with the existing equipment). Against what might have 

been expected, AS2 shows higher values of CTF than IC2, which might be due to the 

increase in temperature, during the test, motivated by the increase of friction 

between the coating and the metallic surface, which accelerate the fibre’s 

degradation. 

 

e) Coefficient of Friction 

Another test performed in the fibres has to do with the coefficient of friction. In 

terms of as-supplied fibres, both dynamic and static coefficient of friction (CoF), for 

AS2 (0.084 ± 0.0020 and 0.094 ± 0.0027) is greater than for AS1 (0.065 ± 0.0023 and 

0.079 ± 0.0024) and AS3 (0.043 ± 0.0026 and 0.061 ± 0.0031), as seen in Table 12. 

 

Table 12. Test results for dynamic and static CoF. 

 As-Supplied Indoor-Coated As-Supplied Indoor-Coated 

 Dynamic CoF Static CoF 

HMPE 1 0.065 ± 0.0023 0.34 ± 0.036 0.079 ± 0.0024 0.64 ± 0.057 

HMPE 2 0.084 ± 0.0020 0.35 ± 0.026 0.094 ± 0.0027 0.63 ± 0.033 

HMPE 3 0.043 ± 0.0026 0.35 ± 0.028 0.061 ± 0.0031 0.63 ± 0.031 

 

AS2’s overall higher CoF, as seen in Figure 28, might be due to the special supplier 

coating applied. As seen in the FTIR analysis, AS2’s coating seems to be thicker than 

for the other fibres, which improves the fibre’s abrasion resistance but makes it more 

adherent to the surface of the pulley, when in contact, and does not slide as well. 

 

 

Figure 28. Comparison of the coefficient of friction for the fibres tested. 
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In terms of indoor-coated fibres (referred to as: IC1, IC2 and C3), as seen in Table 

12 and in Figure 28, the dynamic and static coefficient of friction of the three types 

of fibres are similar, which means that the coating applied makes them relatively 

uniform, in terms of slippage. 

Overall, as-supplied fibres have lower values of CoF than indoor-coated fibres, as 

expected, since indoor-coated fibres are rougher, and friction resists the relative 

motion of the coated fibre on the surface, when in contact to other materials, 

creating more friction between surfaces. A higher friction translates to higher forces 

of contact, resulting in higher energy being released as heat when slippage happens. 

 

f) Creep 

The last test performed on the as-supplied fibres was the creep test. Creep is a 

function of the material’s properties under certain conditions of time, temperature 

and tension. It is the continuous deformation of a material under constant load. As 

seen in Table 13, from the as-supplied fibres tested, AS2 shows the lowest value of 

creep (0.11 ± 0.065%), when compared to AS1 (0.32 ± 0.035%) and AS3 (0.32 ± 

0.099%), which show similar values of creep. 

 

Table 13. Comparison of test results for creep testing on as-supplied fibres. 

 Displacement (mm)  

 1 min 10 min 2 h 24 h %Creep 

AS1 0.00 ± 0.00 2.00 ± 0.00 4.75 ± 0.43 4.75 ± 0.43 0.32 ± 0.035 

AS2 0.00 ± 0.00 0.00 ± 0.00 1.50 ± 0.87 1.50 ± 0.87 0.11 ± 0.065 

AS3 0.00 ± 0.00 0.00 ± 0.00 4.25 ± 1.30 4.25 ± 1.30 0.32 ± 0.099 

 

As claimed by supplier B, AS2 has good resistance to creep, being more resistant to 

this fatigue mode than AS1 and AS3, thus having a lower value of creep rate, as seen 

in Figure 29. 
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Figure 29. Comparison of creep (%) values for as-supplied fibres. 

 

4.2. CHANGE IN LENGTH PROPERTIES (CILP) AND BREAK TESTING OF FIBRE ROPES 

a) Elongation and diameter during bedding-in 

Elongation in a rope relates to the energy that is stored in its structure. Ropes are 

manufactured under a tension that is only a small percentage of its minimum 

breaking force (MBF - the minimum amount of force required to break the rope), 

which means that the final rope will contain internal voids in its structure. The 

bedding-in process relates to when load is applied to a rope for the first time - its 

structure will experience an internal adjustment process, therefore reducing the 

rope’s diameter, increasing its length and becoming more compact, as internal voids 

are removed. The bedding-in elongation is permanent, so the rope structure will not 

revert to its original length. 

The bedding-in, here, corresponds to the profile of tensions the rope is subjected to: 

an increase from an initial value (reference tension) to a value of 50% MBF of the 

rope, that is held for 30 minutes, before returning to the reference tension and 

performing 100 cycles to 20% MBF. After this process, the last registered value of 

elongation, at the end of the 100 cycles (the area circled in red), is the elongation 

value after bedding-in of the rope. In Figure 30 there is an example of the obtained 

graph for elongation after the bedding-in process. 

 

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

AS1 AS2 AS3

(%
)

Creep performance



47 
 

 

Figure 30. Example of graph obtained for rope elongation during bedding-in. 

 

In Table 14 it can be seen that R3 (2.58 ± 0.03%) has higher elongation than R1 (2.26 

± 0.17%) and R2 (2.51 ± 0.03%), being that R1 has the lowest elongation during 

bedding-in. 

 

Table 14. Comparison of the average rope elongation during bedding-in. 

 Elongation during bedding-in (%) 

R1 2.26 ± 0.17 

R2 2.51 ± 0.03 

R3 2.58 ± 0.03 

 

When load is applied, the braided structure of the rope will change, leading to a 

decrease in rope’s diameter. A used rope’s diameter will be smaller than a new rope, 

as the diameter is affected by the rope tension level, with diameter reducing as 

tension is increased. As the rope reduces in diameter it becomes more compact and 

stiffer, which is what happens, with time, in service. 

As seen in Table 15, R2 (17.43 ± 0.43 mm and 16.40 ± 0.37 mm) has the highest 

values of both initial and final diameter, when compared to R3 (17.37 ± 0.69 mm and 

15.78 ± 0.45 mm) and R1 (16.93 ± 0.63 mm and 15.62 ± 0.66 mm). 
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Table 15. Comparison of the initial and final average rope diameters, during bedding-in. 

 Average initial ø (mm) Average final ø (mm) Reduction (mm) 

R1 16.93 ± 0.63 15.62 ± 0.66 1.31 

R2 17.43 ± 0.43 16.40 ± 0.37 1.03 

R3 17.37 ± 0.69 15.78 ± 0.45 1.59 

 

R1 has the lowest initial and final diameter from the three types of rope tested, as 

seen in in Figure 31. The difference between the initial and the final diameter of 

the ropes gives an indication of the properties of the fibres used, relating to its 

elongation, tenacity and efficiency throughout the construction process. 

 

 

Figure 31. Comparison of the initial and final average rope diameters during bedding-in. 

 

R3 experiences the biggest reduction in diameter, as well as the highest elongation 

during bedding-in. This indicates higher relaxation of the structure, indicating that 

it might have a high realization factor (RF). 

The differences between initial and final diameter also show the difficulty in 

producing a rope with a specific diameter. The diameter in use is the most relevant 

for the lifetime of the rope in operation. However, ropes are produced in conditions 

that do not allow the reproduction of a used rope structure. Although all ropes were 

of similar construction, obtaining a rope with a consistent diameter is a challenge. 
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b) Break Force and tenacity 

Another important characteristic of the materials has to do with their break force. 

Therefore, tensile tests were performed. The objective of this test is to determine 

the average break force (ABF, in N) and from it, the realization factor (RF – relates 

to the efficiency of the process) of the rope. The break force is the maximum force 

registered/reached during a break test on a sample (the maximum stress that a 

material can withstand while under load, right before breaking), carried out on a 

tensile testing machine with constant rate of displacement of the moving element 

(pin). The registered values of ABF are seen in Table 16. 

 

Table 16. Comparison between fibres’ and rope’s average break force. 

 As-Supplied Fibres (AS) Indoor-Coated Fibres (IC) ROPES 

 
Linear density 

(tex) 
ABF (N) 

Linear density 

(tex) 
ABF (N) ABF (tf) 

HMPE 1 175.5 555 ± 22 2042.1 4860 ± 143 28.5 ± 0.6 

HMPE 2 193.3 491 ± 15 2095.1 4253 ± 75 23.6 ± 0.8 

HMPE 3 170.6 564 ± 10 2058.6 4426 ± 105 25.4 ± 0.2 

 

The break forces measured become larger as larger sub-elements of the rope are 

tested. The number of load-bearing elements (fibres) in the tested component 

increases as one goes form fibre yarn, to twisted yarn (multiple fibres), to rope 

(multiple twisted yarns). This means that as-supplied fibres have lower values of ABF 

than indoor-coated fibres and both of these have significantly lower values of 

average break force than ropes. RF evaluates the efficiency of the process relating 

to the construction of the sub-elements: fibres or twisted yarns. 

HMPE 3 exhibits the highest ABF in as-supplied fibres (564 ± 10 N) but, when it comes 

to indoor-coated fibres and ropes (4426 ± 105 N and 25.4 ± 0.2 tf), its average break 

force decreases, when compared to that of HMPE 1 (from 555 ± 22 N, to 4860 ± 143 

N, to 28.5 ± 0.6 tf), giving an indication that HMPE 3 is going to have a bigger loss of 

efficiency (as the realization factor is directly linked to the average break force). 

 

In terms of realization factor (RF), as seen in Table 17 (see calculations in Annex 

B), this property should be analysed as so: in general, fibres’ RF is lower than rope 

RF, meaning that the efficiency falls throughout the production process. The loss of 
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efficiency relates to the processing of fibres up to braiding. Distinguishing between 

these two RFs allows us to isolate differences in construction efficiency from the 

whole process. 

 

Table 17. Comparison between fibres’ and ropes’ realization factor (RF). 

 Fibre RF (%) Rope RF (%) 
Loss of 

efficiency (%) 
ISO 2307:2010 RF (%) 

HMPE 1 69.90 ± 2.00 x10 -3 73.20 ± 0.13 3.30 

61.00-79.00 HMPE 2 65.30 ± 2.10 x10 -3 69.20 ± 0.14 3.90 

HMPE 3 61.20 ± 3.80 x10 -4 71.50 ± 0.06 10.30 

 

HMPE 1 has the highest RF for both fibres and rope (69.90% and 73.20%) from the 

three types of materials, as seen in Figure 32, meaning that it was the most efficient 

process (loss of efficiency of 3.30%). HMPE 3 has experienced the highest decrease 

of RF from the rope to the fibre, from 71.50% to 61.20% (loss of efficiency of 10.30%), 

meaning that this was the most inefficient process from the materials studied, 

followed by HMPE 2 (loss of efficiency of 3.90%). 

 

 

Figure 32. Comparison between the RF of fibres and the ropes. 
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linear density, is a common representation in the textile and rope industries of the 

specific strength. 

This property relates to the amount of force that a unit of mass of the material can 

absorb before breaking. The use of HMPE in high performance ropes has a lot to do 

with this property, since this material has an excellent force/linear density relation 

– high tenacity. Higher tenacity ropes can sustain the same load, be lighter and have 

smaller diameters. As mass of fibre is a major cost in producing ropes, tenacity can 

be used to translate costs into “costs/break force”. 

 

As seen in Table 18 (see calculations in Annex B), HMPE 2 shows the lowest values 

of tenacity for as-supplied and indoor-coated fibres and ropes (2.54 N/tex, 2.03 

N/tex and 1.29 N/tex), in comparison to HMPE 1 and 3. HMPE 1 has higher tenacity 

in indoor-coated fibres and ropes (2.38 N/tex and 1.60 N/tex) than HMPE 3 (2.15 

N/tex and 1.43 N/tex), but HMPE 3 has higher tenacity in as-supplied fibres (3.31 

N/tex) than HMPE 1 (3.16 N/tex). 

 

Table 18. Comparison between the fibres’ and ropes’ tenacity. 

 TENACITY (N/tex) 

 As-Supplied fibres Indoor-Coated fibres ROPES 

HMPE 1 3.16 ± 1.60 x10 -3 2.38 ± 1.70 x10 -3 1.60 ± 4.35 x10 -4 

HMPE 2 2.54 ± 9.30 x10 -4 2.03 ± 5.50 x10 -4 1.29 ± 1.17 x10 -3 

HMPE 3 3.31 ± 3.10 x10 -4 2.15 ± 1.10 x10 -3 1.43 ± 7.30 x10 -5 

 

Weight variations coming from coating affect tenacity, as seen in Figure 33. Even 

though HMPE 1 is not the as-supplied fibre with the highest tenacity, it results in the 

rope with the highest tenacity, meaning that its efficiency (RF) is the highest. 
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Figure 33. Comparison between tenacities of as-supplied, indoor-coated fibres and ropes. 

 

c) Elongation at break 

The elongation at break for a rope in use is estimated after the bedding-in process, 

when the load applied is increased up to the point of break, and calculated as: the 

last measured value of rope elongation after the bedding-in cycles (for example 5.04 

± 0.25%), circled in green, is subtracted to the maximum elongation measured at 

maximum load, the peak circled in red (for example 7.92 ± 0.29%), as seen in Figure 

34. Thus, obtaining the effective elongation at break (for example 2.88 ± 0.02%). 

 

 

Figure 34. Example of graph obtained for rope elongation at break. 
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As it can be seen in Table 19, HMPE 2 has the highest elongation at break (3.23 ± 

0.08%), followed by HMPE 3 (2.91 ± 0.02%) and HMPE 1 (2.88 ± 0.02%), which has the 

lowest elongation at break. As the HMPE 2 rope has the lowest average break force 

(ABF) (23.6 ± 0.8 tf), its elongation is the highest (3.23 ± 0.08%), meaning that it is, 

from the three ropes, the one that has the lowest resistance to break, in comparison 

to HMPE 1 that has an overall better capacity to withstand high loads before breaking 

(ABF: 28.5 ± 0.6 tf and elongation at break: 2.88 ± 0.02%). 

 

Table 19. Comparison of the average rope elongation at break. 

 
Max. elongation at 

break (%) 

Elongation after 

bedding-in (%) 

Effective elongation at 

break (%) 

R1 7.92 ± 0.29 5.04 ± 0.25 2.88 ± 0.02 

R2 8.79 ± 0.16 5.56 ± 0.24 3.23 ± 0.08 

R3 8.94 ± 0.43 6.03 ± 0.41 2.91 ± 0.02 

 

High elongation is not a desired quality in a crane rope. Although the differences are 

small, R2 is the least interesting in this aspect, as it exhibits the highest effective 

elongation at break. The elongation a rope exhibits is the result of the highest load 

it has supported. With time in service, ropes elongate. If tracked during its life in 

service, rope elongation can give a qualitative indication of wear and alert to the 

need to replace the rope. 

 

d) Dynamic stiffness 

ISO 18692 defines the calculation of Krd, the dynamic stiffness, as the secant of the 

curve between points X and Y, as seen in equation (5), and in Figure 35. 

This property is measured at specific segments of the load profile that the rope is 

subjected to during CILP tests. Three conditions of the rope stiffness are inspected: 

1) new rope loading from 1% to 20% - circled in black; 2) new rope loading from 1% 

to 50% - circled in blue; 3) used rope loading from 1% to 20%, evaluated at the last 3 

cycles (of 100 cycles) – circled in red. 
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Figure 35. Example of obtained graph for Krd testing. 

 

As seen in Table 20, the dynamic stiffness (Krd) varies throughout the tensile test. 

The difference between the three fibres is not large, as expected (for reference, 

polyester ropes, in typically stiffer rope constructions, show values of Krd of 20-25). 

As this is the first time that this property is evaluated for this rope construction, 

there are not any comparative values available. 

 

Table 20. Comparison of the dynamic stiffness between rope samples. 

 R1 R2 R3 

1st load to 20% MBF 11.20 ± 1.19 10.93 ± 0.19 9.28 ± 0.17 

Load to 50% MBF 17.74 ± 1.54 15.19 ± 0.31 14.83 ± 0.12 

3 last cycles to 20% MBF 68.78 ± 3.48 62.19 ± 0.71 60.86 ± 1.13 

Final rope elongation (mm) 2.26 ± 0.17 2.51 ± 0.04 2.57 ± 0.04 

 

Overall, R1 has higher values of dynamic stiffness (Krd) throughout the tensile test, 

despite also having the biggest standard deviation, meaning that it is stiffer than the 

other materials, having a lower elastic deformation, when under stress, as seen by 

its final rope elongation (2.26 ± 0.17), in Figure 36. 
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Figure 36. Comparison of the dynamic stiffness between rope samples. 

 

Crane operators are used to steel wire ropes, which are very stiff and do not elongate 

much. In tests of fibre ropes in cranes, rope elongation when picking up a load and 

“bouncing” during tension fluctuations have been pointed out as detrimental, by 

operators. 

It is clear that bedding-in has a dramatic effect on this property, therefore a bedding-

in procedure (in cranes) before normal operations are undertaken, should make rope 

behaviour more satisfactory for operators. With this property in mind, R1 should 

exhibit better behaviour in operation. 

 

4.3. CYCLIC BEND OVER SHEAVE (CBOS) TESTING OF FIBRE ROPES 

The ropes tested are designed for use in crane systems with multiple line parts and 

sheaves in the reeving system, which results in a large number of bending cycles 

during lifting operations. The repetitive bending could originate and accelerate the 

bending fatigue failure mode. In accordance to their end-use, the rope samples were 

engineered to have high endurance to abrasion, caused by relative movements 

between rope elements within the rope structure and rope and sheaves. Therefore, 

tests such as CBOS, that aim at mimicking the real service conditions a dynamic fibre 

rope is going to be used at are key to determine the rope’s service lifetime. The 

CBOS test provides an estimate for the bending cycle life of the cordage and, in this 

case, it is used to evaluate the relative performance of different test specimens in 
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the same given situation and conditions through the number of cycles to failure (CTF) 

of each rope, as seen in Table 21. 

 

Table 21. Test results for CBOS testing. 

 Nº CTF 

R1 37207 ± 1235 

R2 74168 ± - 

R3 41887 ± - 

 

Unfortunately, each CBOS test set takes months to be concluded, meaning that 

during the time frame of this work, only five tests were completed (three CBOS tests 

in R1, one for R2 and one for R3). This means that there is not enough data to 

undoubtedly conclude about bending fatigue performance of the tested samples. 

Therefore, only a trend of behaviour, subject to further confirmation (by additional 

results) can be inferred. 

However, with the initial data gathered, it appears that R2 might have a longer life 

in CBOS conditions than R1 or R3, which was not expected, as shown in the other 

test results. Additional CBOS tests are ongoing and, if the upcoming results have a 

similar dispersion, it will make possible to confirm this trend. 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

More and more companies involved in lifting operations are realizing that there is a 

lightweight alternative to steel wire ropes. Synthetic high performance fibre ropes 

have the potential to handle higher payloads, yet with 80% less weight than steel 

wire ropes, for the same strength. 

The HMPE fibre ropes studied integrate certain characteristics (fibre, coating and 

rope construction) that when combined make them, in many aspects, an alternative 

over steel wire ropes. The ropes studied are torque neutral due to their braided 

construction; because of their lightweight are much faster to inspect, install and 

replace, saving time and injuries; there is no need for lubricant and they do not rust, 

compared to steel wire ropes. The fact that synthetic fibre ropes can be used in the 

existing lifting equipment is a key advantage, as that will reduce costs of installation. 
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Since the choice of material depends on the analysis of the mechanical performance 

that best suits the service requirements, two main observations are relevant: for 

conditions where a high breaking strength is required with the smallest rope 

diameter or rope linear density, then HMPE 1 seems to be the most suitable material. 

It exhibited higher tensile strength, tenacity, stiffness and lower elongation at break, 

when compared to HMPE 2. Even though HMPE 1 and HMPE 3 exhibited similar results 

in various tests, HMPE 3 has the highest loss of efficiency, making it less preferable 

than HMPE 1. However, if the application requirements rely heavily on the bending 

fatigue resistance of the rope, from available results, HMPE 2 appears to be the 

preferable fibre to use. The higher number of cycles to failure (CTF) in CBOS testing 

challenges its lower overall performance in other tests, when compared to HMPE 1 

or HMPE 3. 

In terms of future recommendations, as mechanical tests exhibited high dispersion 

of results, an overall higher number of samples should be tested. Further studies in 

CBOS testing needs to be done (and are still ongoing), since this is a key evaluation 

test for dynamic fibre ropes. 

There was not found a direct correlation between the tests on coated fibres and 

CBOS results. The tests should be performed under different conditions, to 

determine if they can correlate with CBOS testing, through altering the test 

variables, such as: applied tensions, contact angles, cycle speed, types of surfaces 

or temperature (through changing previous variables). Another important procedure 

would be to monitor the temperature (e.g. through infrared measuring devices) at 

which each sample is subjected to, for every test performed. It is known, from 

literature, that temperature plays an important role in changing the characteristics 

and properties of the fibre, but that factor was not rigorously evaluated in the 

present work (only touch evaluation was performed). 
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7. ANNEXES 

ANNEX A – Images 

 

Figure 1. Examples of different levels of external abrasion; Reproduced with permition 

from Rui Pedro Faria (Lankhorst Euronete). 
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ANNEX B – Calculations 

4.2. CHANGE IN LENGTH PROPERTIES (CILP) AND BREAK TESTING OF FIBRE ROPES 

i) Fibres’ realization factor (RF): 

 

RF =  
Break Force "BF" of rope

TOTAL fibre break force
 × 100% 

Where: 

TOTAL fibre break force = NF x ABF_f 

NF - total number of fibres 

ABF_f - average break force of fibres 

 

Conversion from tf to kN: 

F = m x a(=9.8066) => N = kg x (m/s2) 

If 1t = 1000kg e 1kN = 1000N, so => kN = t x (m/s2) 

 

HMPE 1: 

i) BFaverage, rope = (break force)/3 = (28.33+27.85+29.28)/3= 28.4867 tf => 28.4867 x 9.8066 = 

279.3573 kN => 279.3573 x 1000 = 279357.3453 N 

ii) Total number of fibres: 

- 9 x 6 x 1 x 12 coat fibres 

- 6 x 1 x 1 x 12 core fibres 

iii) BF average, fibres: 

- 555.4 N fibres 

iv) BFtotal, fibres = [(9 x 6 x 1x 12) + (6 x 1 x 1 x 12)] x 555.4 N = 399888 N 

RF = (BFaverage, rope)/(BFtotal, fibres) x 100 = (279357.3453/399888) x 100 = 69.9% 

 

HMPE 2: 

i) BFaverage, rope = (break force)/3 = (23.25+22.85+24.73)/3= 23.6100 tf => 23.6100 x 9.8066 = 

231.5338 kN => 231.5338 x 1000 = 231533.8260 N 

ii) Total number of fibres: 

- 9 x 6 x 1 x 12 coat fibres 

- 6 x 1 x 1 x 12 core fibres 

iii) BF average, fibres: 

- 492.1 N fibres 

iv) BFtotal, fibres = [(9 x 6 x 1x 12) + (6 x 1 x 1 x 12)] x 492.1 N = 354312 N 

RF = (BFaverage, rope)/(BFtotal, fibres) x 100 = (231533.8260/354312) x 100 = 65.3% 
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HMPE 3: 

i) BFaverage, rope = (break force)/3 = (25.40+25.63+25.10)/3= 25.3767 tf => 25.3767 x 9.8066 = 

248.8588 kN => 248.8588 x 1000 = 248858.8193 N 

ii) Total number of fibres: 

- 9 x 6 x 1 x 12 coat fibres 

- 6 x 1 x 1 x 12 core fibres 

iii) BF average, fibres: 

- 564.4 N fibres 

iv) BFtotal, fibres = [(9 x 6 x 1x 12) + (6 x 1 x 1 x 12)] x 564.4 N = 406368 N 

RF = (BFaverage, rope)/(BFtotal, fibres) x 100 = (248858.8193/406368) x 100 = 61.2% 

 

 

ii) Rope’s realization factor (RF): 

RF =  
Break Force "BF" of rope

TOTAL yarn break force
 × 100% 

Where: 

TOTAL yarn break force = NF x ABF_y 

NF - total number of yarns 

ABF_y - average break force of yarn 

 

HMPE 1: 

i) BFavergae, rope = (break force)/3 = (28.33+27.85+29.28)/3= 28.4867 tf => 28.4867 x 9.8066 = 

279.3573 kN => 279.3573 x 1000 = 279357.3453 N 

ii) Total number of yarns: 

- 12 x 6 coat yarns 

- 12 x 1 core yarns 

iii) BF average, yarns: 

- 4860 N (coat yarns) 

- 2654 N (core yarns) 

iv) BFtotal, yarns = (12 x 6 x 4860 N) + (12 x 1 x 2654 N) = 381768 N 

RF = (BFaverage, rope)/(BFtotal, yarns) x 100 = (279357.3453/381768) x 100 = 73.2% 

 

HMPE 2: 

i) BFaverage, rope = (break force)/3 = (23.25+22.85+24.73)/3= 23.6100 tf => 23.6100 x 9.8066 = 

231.5338 kN => 231.5338 x 1000 = 231533.8260 N 

ii) Total number of yarns: 

- 12 x 6 coat yarns 
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- 12 x 1 core yarns 

iii) BF average, yarns: 

- 4253 N (coat yarns) 

- 2373 N (core yarns) 

iv) BFtotal, yarns = (12 x 6 x 4253 N) + (12 x 1 x 2373 N) = 334692 N 

RF = (BFaverage, rope)/(BFtotal, yarns) x 100 = (231533.8260/334692) x 100 = 69.2% 

 

HMPE 3: 

i) BFaverage, rope = (break force)/3 = (25.40+25.63+25.10)/3= 25.3767 tf => 25.3767 x 9.8066 = 

248.8588 kN => 248.8588 x 1000 = 248858.8193 N 

ii) Total number of yarns: 

- 12 x 6 coat yarns 

- 12 x 1 core yarns 

iii) BF average, yarns: 

- 4426 N (coat yarns) 

- 2460 N (core yarns) 

iv) BFtotal, yarns = (12 x 6 x 4426 N) + (12 x 1 x 2460 N) = 348192 N 

RF = (BFaverage, rope)/(BFtotal, yarns) x 100 = (248858.8193/348192) x 100 = 71.5% 
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b) Tenacity 

i) Rope’s tenacity 

General data: 

g/m-> g/1000m-> N/Tex 

1 dTex = 1 g/10000m 

1 dTex = 0,1 Tex 

tf-> (x0.98066 = a)-> kN-> (x1000)->N 

 

HMPE 1: 

Weight/metre= 174.5 g/m 

1dTex= 1g/10000m: 174.5g/m => 174.5x10000 = 1745000g/10000m = 1745000d/Tex 

1 d/Tex = 0.1 Tex => 1745000 dTex x 0.1 = 174500 Tex 

Break force (BF): 28.33 tf; 27.85 tf; 29.28 tf 

Averagebreak force= 28.4867 tf => 28.4867 x 9.8066 = 279.3573 Kn => 279.3573 X 1000 = 

279357.3453 N 

Tenacity = 279357.3453/174500 = 1.60 N/Tex 

 

HMPE 2: 

Weight/metre= 180.0 g/m 

1dTex= 1g/10000m: 174.5g/m => 180.0x10000 = 1800000g/10000m = 1800000d/Tex 

1 d/Tex = 0.1 Tex => 1800000 dTex x 0.1 = 180000 Tex 

Break force (BF): 24.73 tf; 22.85 tf; 23.25 tf 

Averagebreak force= 23.6100 tf => 23.6100 x 9.8066 = 231.5338 Kn => 231.5338 X 1000 = 

231533.8260 N 

Tenacity = 231533.8260/180000 = 1.29 N/Tex 

 

HMPE 3: 

Weight/metre= 174.5 g/m 

1dTex= 1g/10000m: 174.5g/m => 174.5x10000 = 1745000g/10000m = 1745000d/Tex 

1 d/Tex = 0.1 Tex => 1745000 dTex x 0.1 = 174500 Tex 

Break force (BF): 25.4 tf; 25.63 tf; 25.10 tf 

Averagebreak force= 25.3767 tf => 25.3767 x 9.8066 = 248.8588 Kn => 248.8588 X 1000 = 

248858.8193 N 

Tenacity = 248858.8193/174500 = 1.43 N/Tex 


