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Abstract

The applications for geotextiles and geogrids within geotechnical engineering are many. They may provide cheaper

and easier constructions than conventional structures. The soil-reinforced matrix consisting of soil and the rein-

forcement material has both compression and tensile capacity, whereas soil alone has limited tensile capacity. The

tensile capacity depends on the materials used as reinforcement.

The majority of existing geosynthetics and geo-related products are polymer based. There is a willingness to cut

the use of plastics due to environmental aspects and a growing focus on sustainable solutions. Geotextiles, geogrids

and other geo-related products made from basalt fibers are proposed as a solution. Basalt is a rock material found

all over the world, and fabrics can be made from fibers produced from the rock material. To assess whether basalt

may be suitable or not for these products, physical, mechanical and hydraulic testing is performed. An evaluation

of key properties obtained and the test methods used is performed. The test results and the overall picture of basalt

products’ suitability is discussed.

Two basalt products are tested throughout this study. Further three products have already been tested and data

from these tests are evaluated. The wide width tensile test is the most important mechanical test for geotextiles and

geogrids. All of the products are tested according to ISO 10319 in wide width tensile tests. Some of the products

are also tested according to ISO 10722 for mechanical damage under repeated loading caused by granular material.

This test is relevant as it simulates the conditions in the field during installation. Testing according to ISO 12224

to determine the resistance to weathering and ISO 12225 to determine the microbiological resistance has been

performed. These tests indicate how the material reacts to the environments it may be placed in. Further on, creep

rupture tests according to ISO 13431 have been performed. Long time creep tests that are still ongoing have been

evaluated. The test results give a clear impression of what kind of properties the material possesses.

Some experiences were made while testing the basalt products. One of the main challenges related to tensile

testing is the grips and the slippage that may occur. Several measurements were taken to try to avoid this. Different

clamps as the split capstan, mechanical clamps with wavy insides and hydraulic clamps with various faces have

been used. The products have been protected with duct tape, cardboard, nonwovens, PU-foam, and two different

epoxy types in the grip area. Hydraulic clamps with faces made from Vulkollan proved to give the best results.

Another challenge was the low strain and the importance of accurate strain measurements. Video extensometers

or more advanced ones give the best results.

The tested basalt geogrids had a tensile strength varying between 54 and 74 kN/m. The tested basalt geotextile

had a tensile strength of approximately 230 kN/m. These values are found for similar products made from poly-

mers. All of the products had a maximum strain between 2 and 3 % at failure. These values are relatively low. The

basalt products were not significantly affected by weathering or microbiologically active environments. The long

term creep is close to zero when subjected to a force of 40 % of the tensile strength. The products are less flexible

than synthetic ones. Damages caused by granular materials or other factors may offer problems.

The tensile strength alone would make the products appropriate for many applications in the built environ-

ment. The low strain and brittle nature of the basalt fibers is a challenge and limits the applications. Basalt fibers
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are not a threat to nature when degraded in the same way plastic fibers are. Possible applications for basalt prod-

ucts could be in marine applications and other areas in or near river systems, as the basalt products will not emit

microplastics in the same way as polymers will. Another possible application is in road construction. Many of the

challenges related to basalt products are not solved yet. Until they are, polymer based products will be preferred to

basalt products when their properties, availability and commercial aspects are considered.
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Sammendrag (Norwegian)

Geotekstiler og geonett brukes til ulike formål innen geoteknikk. De kan gi billigere og enklere konstruksjoner enn

konvensjonelle metoder. Det sammensatte materialet som da består av jord- og armeringsmaterialet i samvirke

vil ha både kompresjons- og strekkapasitet, mens jord alene har begrenset strekkapasitet. Strekkapasiteten er

avhengig av hva slags materiale som brukes som armering.

De fleste eksisterende geosynteter og geo-relaterte produkter er polymerbaserte. Det er er et ønske å kutte i

bruken av plast på grunn av miljøaspekter og et økende fokus på bærekraftige løsninger. Som et resultat har basalt

blitt foreslått brukt i geotekstiler, geonett og andre geo-relaterte produkter. Basalt er et steinmateriale som finnes

over hele verden, og stoffer kan lages av fibre fra dette steinmaterialet. For å vurdere om basalt kan være egnet

eller ikke for disse produktene, er det utført fysiske, mekaniske og hydrauliske tester på utvalgte produkter. Viktige

egenskaper er funnet gjennom testing og testmetodene som er brukt er evaluert. Testresultatene og helhetsbildet

av basaltprodukters egnethet til geotekniske formål er diskutert.

To basaltprodukter har blitt testet gjennom studien. Ytterligere tre produkter er allerede testet og data fra disse

testene er evaluert. Strekktesting er den viktigste mekaniske testen for geotekstiler og geonett. Alle produktene er

testet i henhold til ISO 10319 for strekkprøving på brede prøvelegemer. Noen av produktene er også testet i hen-

hold til ISO 10722 for mekanisk skade ved gjentatt belastning forårsaket av granulært materiale. Denne testen er

relevant da den simulerer forholdene produktet blir utsatt for under installasjon. Det er utført testing i henhold

til ISO 12224 for bestemmelse av motstandsdyktighet mot forvitring og ISO 12225 for bestemmelse av mikrobiol-

ogisk motstand. Disse testene indikerer hvordan materialet reagerer på miljøene det kan plasseres i. Videre er det

utført krypbruddstester ved strekkbelastning i henhold til ISO 13431. Langvarige kryptester, som fortsatt pågår, er

evaluert. Testresultatene gir et klart inntrykk av hva slags egenskaper materialet besitter.

Noen erfaringer ble gjort under testing av basaltproduktene. En av hovedutfordringene ved strekktesting er

knyttet til grepene og glidningen som kan oppstå. Det ble gjort flere tiltak for å prøve å unngå dette. Det er brukt

ulike klemmer som delt kapstan, mekaniske klemmer med bølget innside og hydrauliske klemmer med forskjel-

lige overflater. Produktene har blitt beskyttet med gaffatape, papp, ikke-vevde produkter, PU-skum og to forskjel-

lige epoksytyper i kontaktflaten mellom grepene og prøvestykket. Hydrauliske klemmer med Vulkollan i kontak-

tflaten viste seg å gi best resultat. En annen utfordring var den lave tøyningen og viktigheten av nøyaktige tøyn-

ingsmålinger. Videoekstensometre eller mer avanserte varianter gir best resultater.

Geonettene som ble testet hadde en strekkfasthet som varierte mellom ca. 54 og 74 kN/m. Geotekstilen som

ble testet hadde en strekkfasthet på ca. 230 kN/m. Tilsvarende verdier finnes for lignende produkter laget av plast.

Alle produktene hadde en maksimal tøyning mellom 2 og 3 % ved brudd. Disse verdiene er relativt lave. Basaltpro-

duktene ble i liten grad påvirket av forvitring eller mikrobiologisk aktive miljøer. Produktet kryper tilnærmet ikke

når det er utsatt for en kraft på 40 % av strekkfastheten over lang tid. Produktene er mindre fleksible enn tilsvarende

syntetiske produkter. Skader forårsaket av granulære materialer eller andre faktorer kan by på problemer.

Strekkstyrken alene vil kunne gjøre produktene passende for bruk i geotekniske formål. Den lave tøyningen og

sprø oppførselen til basaltfibrene er en utfordring, og begrenser bruksområdene. Basaltfiber er ikke en trussel mot
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naturen når de brytes ned på samme måte som plast er. Mulige bruksområder for basaltprodukter kan være i ma-

rine konstruksjoner og i konstruksjoner i eller nær elvesystemer, ettersom basaltproduktene ikke vil avgi mikroplast

på samme måte som polymerprodukter vil. Et annet bruksområde kan være i veibygging. Mange av utfordringene

knyttet til basaltprodukter er ikke løst ennå. Inntil de blir det, vil polymerprodukter foretrekkes fremfor basaltpro-

dukter når deres egenskaper, tilgjengelighet og kommersielle aspekter tas i betraktning.
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Chapter 1

Introduction

1.1 Background and motivation

Rawal et al. (2016) stated that geotextiles are one of the fastest-growing sectors of the technical textile market.

Since then a lot has happened within the industry. New production methods allow for new weaving and warping

techniques, new materials to be used, composite products put together with new materials and a great variety of

different coatings to be developed. A greater focus on sustainable solutions is a driver for this evolution. Although

synthetic fibers are most used for geotextiles, geogrids and other geo-related products, natural fibers should not

be ignored. Natural fibers are already in use in many countries, especially in developing countries. Among them

are plant fibers like jute, hemp and flax, fruit fibers from coconut husk and other plants, and leaf fibers (Singh &

Venkatappa Rao 2006). Animal fibers such as wool and silk may also be used to produce geo-related products. The

same goes for mineral fibers such as asbestos or basalt, and basalt is an interesting material for this task. There are

great resources available worldwide.

As the focus on environmentally friendly solutions in the built environment is increasing new materials are be-

ing studied. Most geotextiles and geogrids in use today are based on synthetic materials, often petroleum-based.

The production of these materials have a negative impact on our environment. Microplastics is yet another prob-

lem. Recent studies show that plastic materials will leave fragments over time. These fragments takes long time

to degrade and will disrupt the ecosystems where they are deposited (Cózar et al. 2014; Hale et al. 2020; Petersen

& Hubbart 2021; Horton & Dixon 2018). This is especially the case in or near river systems and in the sea, where

the fragments are transported and deposited by the water. Compared to polymer products the basalt ones may be

more environmental friendly with respect to production and substances that are released. They are natural and

have their place in the ecosystem already.

Most geotextiles in use today are based on synthetic materials, often petroleum-based. The production of these

materials have a negative impact on our environment. Microplastics is yet another problem. Recent studies show

that plastic materials will leave fragments over time. These fragments takes long time to degrade and will disrupt
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the ecosystems where they are deposited (Cózar et al. 2014; Hale et al. 2020; Petersen Hubbart 2021; Horton Dixon

2018). This is especially the case in or near river systems and in the sea, where the fragments are transported and

deposited by the water. How they are transported is hard to analyze. Natural materials without same problems

regarding degradation exists. Unfortunately, their service life is often significantly shorter, and most of them do not

have the properties that modern engineering needs.

The initiative to study this particular material came from Martin Napierala in EB Marine and Arnstein Watn at

NTNU. Napierala had contacted Watn regarding a project in Germany where a problem related to the river Dalbach

near Essen had occurred. The project involved a solution where geotextiles were intended to be used. Due to a

desire to avoid the use of polymer based products due to microplastics the possibility of using basalt products

came up. EB Marine have access to such products.

Due to coincidences, ReforceTech was also involved through Len Miller. They mainly work with reinforcement

products for concrete based on basalt and glass fiber composites (ReforceTech AS 2022). Within this field, they

have a lot of experience. The company also distributes a geogrid based on basalt. They do not sell very much of this

product and they do not have much data on it. However, they were interested to know if the product had potential.

1.2 Problem formulation

How well-suited basalt products are for geotechnical problems is yet to be sufficiently assessed. Important issues to

investigate are what properties the material has in the form of geo-related products, how competitive it is compared

to already existing solutions, the value chain and the pricing of the products, environmental and health aspects

related to the products, and public requirements that may affect them.

Not much research is available on the mechanical, hydraulic or chemical properties of geo-related products

made from basalt. There is in general a limited range of research available to the public on this although some

exist. The existing papers are mostly on basalt fibers in general and not specific for use in geotechnical engineering.

The study will focus on geotechnical properties and applications. Based on this and the issues mentioned in the

previous paragraph the main objectives of the thesis are the following:

• Perform standardized tests in the laboratory to find mechanical, physical and hydraulic properties for a se-

lection of geo-related products based on basalt

• Discuss challenges related to testing of products based on basalt fibers

• Evaluate suitable applications for geo-related products based on basalt fibers

1.3 Approach

The majority of the time and effort has been put into testing geo-related basalt products. The products tested are a

geotextile made of 100 % basalt supplied by EB Marine and a geogrid mainly made of basalt supplied by ReforceTech
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AS. They were received in January and February 2022. Both have been tested at NTNU in Trondheim, Norway, at

Statens Vegvesen in Oslo, Norway and at KIWA in Greven, Germany.

The testing at NTNU was carried out as preliminary testing in the end of February and start of March 2022.

Tensile tests were carried out on an old, renovated rig. The results can not be used as they are not reliable, but

valuable experience was gained. The tests were carried out in the end of February and the start of March 2022.

Further testing took place in Statens Vegvesen’s laboratories. A week in the middle of March 2022 was spent here

where further knowledge on the products was gained. Both tensile tests and permeability tests were carried out.

The main work was done in and near Münster in Germany in the end of April 2022. A visit was made to FH Münster

to exchange experiences and to study the products in a microscope. The laboratory testing took place at KIWA’s

facilities outside of Münster in Greven. Damage testing and tensile testing were done on both products. KIWA have

some knowledge on basalt products and a lot of knowledge on geosynthetics and testing in general which was of

great help. A meeting with Huesker was arranged. Huesker is one of the leading manufacturers of geosynthetics

in the world. They have done research and development on basalt products, and had interesting points of view to

share.

Literature studies have been carried out. A project thesis in the form of a literature study on the properties of

synthetic and natural-based geotextiles and their environmental impact was carried out in the autumn of 2021.

This was a part of the course TBA4510 at NTNU. Further literature studies have been carried out for this master’s

thesis.

1.4 Limitations

Several limitations are introduced:

• Geosynthetics may come in endless shapes and forms. A selection of geotextiles and geogrids are tested.

Other products may have been developed and may be on the market, that may possess different properties.

The thesis will only cover the involved products and may therefore exclude findings from other products that

could be of interest.

• The tests performed are selected to find properties that are important for reinforcement purposes and due

to accessibility. Physical and mechanical tests as the Determination of the characteristic opening size (ISO

2019b), Static puncture test (ISO 2006a) and Dynamic perforation test (ISO 2006b) should be performed. Due

to limited time, it is not done in this thesis.

• Field tests should be carried out as well as laboratory tests. Due to limited time, it is not done in this thesis.

• Basalt may be an ideal material to use in a composite matrix. This aspect will not be covered in this thesis.
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1.5 Reference to preliminary study

In autumn 2021 a preliminary study was carried out as mentioned previously. The result of this study was an

unpublished project thesis titled Geotextiles based on basalt for erosion control and reinforcement purposes by Faye

(2021). Parts of this master’s thesis are adopted from this work, possibly with modifications. This is especially the

case for Chapter 2 - Literature study, Chapter 8 - Discussion, and Chapter 9 - Conclusion and recommendations for

further work.

1.6 Structure of the report

The thesis consists of 9 chapters. Chapter 1 presents the background and motivation for the study as well as the

objectives, approach and limitations. Chapter 2 gives an introduction to the topic of geosynthetics and the rock

material basalt. In chapter 3, the previous testing done by Huesker and KIWA is presented and discussed. Chapter 4

presents the two products that have been tested in spring 2022. Chapter 5 presents the standard for damage testing,

and the results obtained at KIWA are presented and discussed. Chapter 6 is built up in the same way. The standard

for tensile testing is presented. Thereafter the testing performed at NTNU, at Statens Vegvesen and at KIWA is

presented and discussed. The same goes for chapter 7 where the standard for permeability testing is presented

followed by the results obtained at Statens Vegvesen and a discussion. In chapter 8, the results and experiences are

discussed. Challenges regarding tensile testing are discussed and the properties of the basalt products as well. An

evaluation of the products’ applicability is then performed. Chapter 9 gives a conclusion and recommendations

for further work.

The study is based on literature studies, results obtained from the previous testing by others and results ob-

tained from testing by the author. It is more or less structured so that the literature study is presented first, followed

by the previous tests performed and thereafter the tests performed throughout spring 2022. When the tests are pre-

sented, they are briefly introduced before the results are presented and then discussed. The discussion in chapter

8 and the conclusion and recommendations for further work in chapter 9 are based on all the separate discussions

in chapters 3, 5, 6 and 7.



Chapter 2

Literature study

A preliminary literature study was carried out in autumn 2021. The study dealt with what a geotextile is, how it is

produced, what functions it has and what applications it is used for. Mechanical properties for typical synthetic

materials used were found, and compared to those of natural fibers, among them basalt. Advantages and chal-

lenges for both synthetic and natural materials were addressed. The preliminary literature study is found in the

appendix.

As a preliminary literature study has been carried out already this chapter will only cover the topic of geosyn-

thetics briefly. For more information regarding production methods and an overview of the materials typically

used, both synthetic and natural, reference is made to this study. The study also deals with typical functions and

applications for geosynthetics. Basalt as a rock material and basic geological aspects are not sufficiently studied in

the preliminary literature study. They will be covered in more detail in this chapter.

2.1 Geosynthetics

The name geosynthetics is the collective term for products that are intended to work in conjunction with soil to

solve various problems. They may solve problems related to separation, reinforcement and filtration (NorGeoSpec

2012). They come in many different shapes and the most common ones are geotextiles and geogrids. Other types

are geonets, geomembranes, geosynthetic clay liners, geofoam, geocells and geocomposites. These products are

often made of synthetic materials but might as well be made from natural materials. The name geosynthetics does

not convey this in a good way. The literature gives different definitions of what a geosynthetic is. Some sources say

that geosynthetics are made from synthetic materials while others say that geosynthetics may be made of synthetic

or natural materials. The standard ISO 10319 states in the scope that a geosynthetic may be polymeric, glass, or

metallic. Although the collective term does not make it clear that the products do not have to be made of synthetic

materials, it should be noted.

5



CHAPTER 2. LITERATURE STUDY 6

2.1.1 Geotextiles

According to Langley & Kim (2006) geotextiles are defined as "any permeable textile material used for filtration,

drainage, separation, reinforcement and stabilization purposes as an integral part of civil engineering structures of

earth, rock or other construction materials".

The products are made in the same way as traditional textiles. The most common types of geotextiles are non-

wovens, wovens, knitted and composites.

Nonwoven products are the most common ones because of their cost and performance. These types are often

produced from spunbonding or needle-punching. Needle-punching is the most common one (Bérubé & Saunier

2016). They can be made from short-staple fibers or continuous filaments. As of today polypropylene (PP) dom-

inates because of its’ low cost, low specific gravity and strength (Faye 2021). However, these products are not as

strong as wovens and knitted products. They have a lower strength and higher strain. They are typically used for

separation, filtration and protections.

Woven products are made from yarns, filaments or slit film tapes. The threads are creating a fabric by interlock-

ing two or more threads at right angles. The threads extend in the machine direction (MD) and the cross machine

direction (CMD), or vertically and horizontally. The vertical threads are called the warp while the horizontal threads

are called the weft. The warp and weft are woven together in a plain weave, twill weave or satin weave. Woven prod-

ucts tend to have higher strength properties compared to nonwovens and are not elongated to the same extent as

nonwovens and knitted products. These types of products are popular in reinforcement applications.

It is also possible to make knitted geotextiles. In the knitting process, continuous yarns are intertwined to form

repeated loops. The loops are linked together to form a web. Weft knitting and warp knitting are the most common

knitting processes. The density of the product can be varied. In general, the knitted products will tend to stretch

more than the wovens due to their structure.

In Figure 2.1 a woven, nonwoven and knitted fabric is shown (Patel 2019).

Figure 2.1: Woven, nonwoven and knitted geotextiles (Patel 2019)
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2.1.2 Geogrids

Geogrids are made up of connected parallel tensile ribs in longitudinal and transversal directions, with relatively

large apertures. This allows soil and stones to strike through the openings and create an interlocking effect with

the soil. The tensile forces may be transferred from the transversal ribs through the junctions or nodes to the

longitudinal ribs. The strength of both the ribs and the junctions are therefore of importance. The products may

be woven or knitted from yarns. For polymer materials, heat-welding processes are common as well as punching

or cutting out patterns from a sheet of material to produce the geogrid.

Geogrids are often used for reinforcement purposes. It is common to use the solution for road and railway

improvements, as well as for embankments on soft soil, for reinforcement of steep slopes, to build retaining walls,

and erosion control.

They may come in the form of uniaxial, biaxial or triaxial geogrids. These three types are shown in Figure 2.2

where a biaxial one is shown to the left, a triaxial one in the middle, and a uniaxial one to the right (Happho 2017).

Figure 2.2: Uniaxial, biaxial and triaxial geogrids (Happho 2017)

2.1.3 Functions and applications

According to NorGeoSpec (2012) the functions of a geosynthetic is divided into separation, reinforcement and fil-

tration. The same division is given in the European and Norwegian standard NS-EN 13251 (Standard Norge 2016).

Koerner (2012) on the other hand categorizes the functions as separation, reinforcement, filtration, drainage and

moisture barrier. In many cases, geosynthetics can replace the use of conventional structures made from concrete

or steel. The typical applications are shown in Figure 2.3.
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(a) Retaining wall (b) Embankment with steep slopes (c) Embankment on soft founda-

tion soil

(d) Bridge pier

(e) Unpaved road (f) Paved road (g) Railway track (h) Erosion control in a slope

(i) Stabilization of a slope (j) Landfill (k) Dam

(l) Liquid reservoir (m) Water channel (n) Trench drain

Figure 2.3: Typical applications for geosynthetics and geosynthetic-related materials (Shukla & Yin 1987)

As seen in Figure 2.3 the number of functions and applications are many. The function of the geosynthetic

will vary depending on what application it is used for. For reinforcement purposes the most important properties

will be the tensile strength, tearing and elongation. For separation and filtration purposes other properties will

dominate. The most important properties for each function are summed up in Table 2.1 (Koerner 2012).

Table 2.1: Properties and functions of geotextiles (Koerner 2012)

Mechanical properties Hydraulic properties

Puncture Tensile strength Compression Tearing Elongation Permeability Flow capacity Pore openings

Separation x x x x

Reinforcement x x x

Filtration x x x
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2.2 Basalt

2.2.1 Structure

According to Schou Jensen (2006) basalt is a fine-grained to dense volcanic rock. On fresh quarries, it is black to

gray-black, while on weathered surfaces it is usually gray, light gray or reddish-brown. Basalt consists largely of

the minerals calcium-rich plagioclase and pyroxene in roughly equal parts. Because the rock is fine-grained, these

minerals are not visible to the naked eye. Basalt contains some iron-titanium oxides and is therefore a relatively

young rock that is often weakly magnetic. Basalt can also contain the mineral olivine. The geological key features

are:

• Black to grey color

• Dense, fine-grained

• SiO2 content 45-52 %

• Density 2,98 g/cm3

2.2.2 Prevalence

Of the volcanic day rocks, basalt is the most widespread. According to Dhand et al. (2015) 33 % of the earth’s surface

consists of basalt rock. The so-called pillow lava builds up the seabed. In addition, basalt is found in the form of

large, so-called plateau basalt covers on the continents, for example in South America, Africa and India. Basalt is

known from the Faroe Islands and Iceland, which are mostly built up by large, widely dispersed lava flows of plateau

basalt penetrating in connection with the opening of the North Atlantic 55-60 million years ago.

When basaltic lava flows solidify, they contract and often form a characteristic hexagonal to octagonal, colum-

nar structure. They are usually perpendicular to the direction of flow. Such can be found in Ireland at the Giant’s

Causeway.

2.2.3 Suitability

To make geo-related products, the rocks need to be converted into continuous basalt fibers (CBF). Not all occur-

rences are equally suitable for this purpose. Whether a deposit is suitable or not depends on the physical and

chemical properties of the rock in the specific deposit. An important parameter in this regard is the number of

oxides. According to Global Basalt Engineering (2022) it is favorable with the following distribution of oxides to

produce CBF:
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Table 2.2: Composition of basalt fibers (Global Basalt Engineering 2022; Militký et al. 2002; Deák & Czigány 2009)

Content [%] Content [%] Content [%]

Oxides (Global Basalt Engineering 2022) (Militký et al. 2002) (Deák & Czigány 2009)

SiO2 47,5-55,0 43,3-47 42,4-55,7

Al2O3 14,0-20,0 11-13 14,2-18,0

CaO 7,0-11,0 10-12 7,4-8,9

MgO 3,0-8,5 8-11 4,1-9,5

Fe total 7,0-13,5 - -

Fe2O3 - <5 10,8-11,7

K2O 1,0-7,5 <5 1,1-2,3

Na2O 2,0-7,5 <5 2,4-3,8

TiO2 0,2-2,0 <5 1,1-2,6

MnO up to 0,25 - -

To assess whether the rock is suitable or not a sample needs to be taken and evaluated in a laboratory. The sam-

ples should then be representative for the entire field. Samples with a porphyritic basalt structure and amorphous

form are desirable to produce CBF.

2.2.4 Deposits and production

Basalt rock can be found in almost every country. It is a very common rock type. The deposits that are suitable to

produce CBF are mainly found in Ukraine, Russia, Uzbekistan, Georgia, Saudi Arabia, Ethiopia, China, India and

Brazil (Global Basalt Engineering 2022). The quarries are typically found in these countries.

The same goes for the location of the production facilities. It would be an advantage both economically and

logistically to produce the fibers near the quarries. According to Len Miller of the Norwegian company ReforceTech

AS they used to purchase their geogrids from Kameny Vek, a Russian producer. Kameny Vek used to get their rocks

from a quarry in Ukraine. Kameny Vek would produce the bobbins and then get the geogrids produced from a local

manufacturer. ReforceTech would then buy the finished product.

With the political situation in the world today this is a problem for the supply chain. While this thesis is being

written there is a war between Russia and Ukraine. Labour and infrastructure is knocked out of play in both coun-

tries. There are trade sanctions against Russia. The majority of basalt products being sold in Europe have their

origin in Eastern European countries. The current situation highlights how vulnerable the supply chain can be.

Melting of the rocks during the manufacturing process is less energy-consuming for basalt fiber compared

to glass fiber and carbon fiber according to Graubner et al. (2021). The melting process is still the most energy-

consuming part of the production. Temperatures over 1 450 °C are needed to melt the rock (Turukmane et al. 2018).

This process is often costly. Both short fibers and continuous fibers can be made from the rock. The continuous

fibers are used in fabrics. The production process is described in the project thesis by Faye (2021).
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2.2.5 Health issues

Basalt and asbestos are two quite similar materials. Asbestos was for a longer period a well-known and much-

used material until its negative health effects were discovered. The fibers were found to be carcinogenic and have

other toxicity effects due to the morphology and surface properties of the fibers (Fiore et al. 2015). The question of

whether basalt fibers have the same properties or not has been raised.

According to Weddell (1990) fibers with the following properties are of concern:

• fibers with diameters less than 1,5 µm (some say less than 3,5 µm) remain airborne and are respirable;

• fibers with an l/d aspect ratio higher than 3 do not seem to cause the serious problems associated with as-

bestos

• fibers durable in the lungs do not cause problems if they are decomposed in the lungs.

Both during the production of the fibers and during the lifetime of the finished product polymeric and non-

polymeric materials can emit spores. Non-polymeric fibers usually have a diameter greater than 3,5 µm. Militký

et al. (2002) made an experiment on the abrasion of basalt fibers and found that the mean value of the fragment

fiber diameter is the same as the diameter of the undamaged fiber. No splitting of fibers occurred during fracture.

The study found that the l/d aspect ratio of basalt fiber fragments was 20,8 and hence greater than the critical value.

The basalt fibers may cause skin irritation. However, this should not be dangerous.

2.2.6 Use of basalt today

Basalt is in use in other industries today. As a pure rock material and in products made from basalt fibers. The

properties of the continuous fibers are largely identical to those of the raw material.

Compared to other fiber materials it has quite similar characteristics to glass, carbon and aramid. The real com-

petitor would in most cases be glass fibers. Compared to glass fibers the basalt fibers have quite similar geometrical

and mechanical properties according to a study by Deák & Czigány (2009) in terms of diameter, tensile strength and

modulus for continuous fibers. The study carried out tests on continuous basalt fibers from Kanenny Vek (Russia),

Technobasalt (Ukraine) and D. S. E. Group (Israel) made from the spinneret method.

These properties have led to the material being used as a substitute for glass, carbon and aramid. It is used in

the building industry as reinforcement in concrete and for applications where its’ temperature properties concern-

ing fire safety come to use. The temperature properties have proven to be useful in solutions for the automotive

industry. It is also in use in the medical industry (Faye 2021).



Chapter 3

Previous tests

3.1 Previous tests from Huesker in Gescher, Germany

Manufacturers such as Huesker have tried to make products based on basalt previously. Test laboratories such

as KIWA have performed testing on the prototypes of the products. The results obtained from testing have been

shared and will be presented in this chapter.

The products are named Muster 08/02b, Fortrac 50/50-40 B, and Basalt product A. All of them are geogrids

based on continuous basalt fibers. Due to confidentiality, the real name of Basalt product A can not be mentioned.

Therefore it will be referred to as Basalt product A. It is a geogrid based on basalt with coating.

Conventional tensile tests are done on the Muster geogrid. The Fortrac geogrid has also been tensile tested but

with the gripping area protected with various materials to try to obtain better results. The Fortrac geogrid has also

been tested for creep rupture and long term creep. Basalt product A has been tested for resistance to weathering

and microbiological resistance.

12
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3.1.1 Tensile tests on Muster 08/02b basalt geogrid

Muster 08/02b is a product that has been developed and tested by Huesker in the Huesker test laboratory in 2009.

The product is tested in both machine direction (MD) and cross machine direction (CMD). In MD the product has

two connected strands while it has four smaller strands side by side in CMD. A picture of the product is shown in

Figure 3.1.

Figure 3.1: Muster 08/02b basalt geogrid
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Table 3.1: Test data for Muster 08/02b basalt geogrid

Test data

Material Basalt geogrid Muster 08/02b

Test norm ISO 10319:1996-6

Date 09.03.2009

Test direction MD and CMD

Weight 445 g/m2

Thickness NA

Width 520/521 cm

Calculation 0,86 threads/cm

Threads / specimen 20

Bundles / specimen 5

AP-test width 200 mm

Initial load 135 N

Method of sampling ISO 9862

Condition of specimen Dry

Type of testing machine Inspect 600

Type of clamps Hydraulic clamps, face NA

Conditioning 20 ◦ C / 65 % (ISO 554)

F1 = Force at 1 %

F2 = Force at 1,5 %

F3 = Force at 2 %

ϵ 1 = Extension at 40 kN/m
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Results

Figure 3.2: Force [kN/m] vs strain [%] for Muster 08/02b basalt geogrid in MD

Table 3.2: Statistics from wide width tensile test on Muster 08/02b basalt geogrid in MD

n=0 Specimen [N] F max [kN/m] ϵ max [%] F1 [kN/m] F2 [kN/m] F3 [kN/m] ϵ1 [%] Measurement length [mm] Test speed [%/min]

x̄ 13 660,2 58,74 2,16 29,5 42,96 53,68 1,38 56,88 16,96

s 82,239 3,534 0,182 1,423 1,561 4,802 0,045 3,095 1,178

V 6,02 6,016 8,41 4,824 3,635 8,945 3,241 5,442 6,947

Figure 3.3: Force [kN/m] vs strain [%] for Muster 08/02b basalt geogrid in CMD

Table 3.3: Statistics from wide width tensile test on Muster 08/02b basalt geogrid CMD

n=0 Specimen [N] F max [kN/m] ϵ max [%] F1 [kN/m] F2 [kN/m] F3 [kN/m] ϵ1 [%] Measurement length [mm] Test speed [%/min]

x̄ 12 829,4 54,52 2,20 27,4 40,86 51,72 1,48 62,2 19,28

s 263,83 1,117 0,187 2,601 2,995 1,25 0,11 4,53 1,293

V 20,56 2,048 8,504 9,493 7,331 2,416 7,402 7,284 6,707
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Evaluation of performance

Figure 3.2 and 3.2 as well as Table 3.2 and 3.3 show the results. In MD the material obtains a mean tensile strength

of 58,74 kN/m and 54,52 in CMD. It can be seen from the graphs that the material behavior is quite similar for all

the tests. These tests indicate that the material is brittle.

The strain at failure was 2,16 % in MD and 2,20 % in CMD. The material is not very stretchy as expected. Com-

pared to conventional geosynthetics the Muster geogrid has an elongation at failure which is significantly lower.

Conventional products typically have a strain at failure around 10-15 %.

The results from the tests show curves that are more or less linear until rupture occurs. Some of the curves have

a steeper slope in the beginning but then it flattens out some and becomes almost linear. Linear curves like these

in a stress-strain diagram normally mean that the material is elastic in this area. To find out if this is the case the

samples should have been unloaded and then reloaded to study the material behaviour.

After the linear area, the samples fail. Other materials like aluminum and steel would typically have a stress-

strain curve with different sections with varying slopes on the curve. In the start, the curve is typically linear in the

elastic area before the curve reaches a breaking point often referred to as the yield strength. After reaching the yield

point the curve often flattens out and the hardening process begins. In the hardening process the stress continues

to increase until the material reaches its’ ultimate strength and from that point goes towards fracture.
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3.2 Previous tests from KIWA in Greven, Germany

Fortrac is a series of geogrids made by Huesker. The standard raw material in the products has been high-modulus

polyester (PET), but the Fortrac can also be made from polyvinyl alcohol (PVA), aramid and other materials. The

product has been made with basalt as base material. The following tests are from the Fortrac product with basalt

as raw material.

3.2.1 Tensile tests on Fortrac R 50/50-40 B basalt geogrid

During tensile testing on Fortrac R 50/50 specimens, problems occurred in the clamping area. Measurements were

taken to avoid this. The specimens were protected with cardboard, nonwovens, PU-foam, robust hardening epoxy

resin, and soft hardening epoxy resin between the specimen and the clamps.

Table 3.4: Test data for Fortrac R 50/50-40 B basalt geogrid in tensile tests

Test data

Material Fortrac R 50/50-40 B

Test norm ISO 10319:2008-10

Date From 28.03.2012 to 05.11.2012

Test direction MD

Condition of specimen Dry

Specimen width (b0) 46 mm

Test strands 1

Strands / m 21,7

Length 100 mm

Pre-load 30 N

Type of testing machine Zwick Z250

Load cell 250 kN

Extensometer (path) Video

Specimen grips Demgen M250

Note: Clamping area protected with various materials

Climate 22 ◦ C / 42 % relative humidity

F0 = Force at 0,5 %

F1 = Force at 1 %

F2 = Force at 1,5 %

ϵ 1 = Strain at nominal load
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Results

Specimens protected with cardboard tested 28.03.2012

Figure 3.4: Force [kN/m] vs strain [%] for Fortrac R 50/50-40 B basalt geogrid protected with cardboard in MD

Table 3.5: Statistics from wide width tensile test on Fortrac R 50/50-40 B basalt geogrid protected with cardboard in
MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F2 [kN/m] ϵ1 [%] v-test [%/min]

x̄ 3006 65,35 2,29 22,51 35,39 46,77 1,21 23,37

s 66 1,43 0,23 5,45 6,16 6,27 0,26 3,87

V 2,19 2,19 9,83 24,22 17,41 13,40 21,59 16,57

Specimens protected with nonwovens tested 28.03.2012

Figure 3.5: Force [kN/m] vs strain [%] for Fortrac R 50/50-40 B basalt geogrid protected with nonwoven in MD
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Table 3.6: Statistics from wide width tensile test on Fortrac R 50/50-40 B basalt geogrid protected with nonwoven
in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F2 [kN/m] ϵ1 [%] v-test [%/min]

x̄ 3243 70,50 2,31 23,25 35,89 48,43 1,17 19,50

s 76 1,65 0,16 2,14 2,04 2,11 0,09 1,21

V 2,34 2,34 7,11 9,21 5,68 4,35 7,45 6,19

Specimens protected with soft hardening epoxy resin tested 05.04.2012

Figure 3.6: Force [kN/m] vs strain [%] for Fortrac R 50/50-40 B basalt geogrid protected with soft hardening epoxy
resin in MD

Table 3.7: Statistics from wide width tensile test on Fortrac R 50/50-40 B basalt geogrid protected with soft harden-
ing epoxy resin in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F2 [kN/m] ϵ1 [%] v-test [%/min]

x̄ 3084 67,03 2,07 26,23 38,26 50,87 1,07 16,75

s 195 4,23 0,19 3,95 3,21 3,34 0,14 2,13

V 6,31 6,31 9,21 15,07 8,39 6,57 13,47 12,70
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Specimens protected with robust hardening epoxy resin tested 11.04.2012

Figure 3.7: Force [kN/m] vs strain [%] for Fortrac R 50/50-40 B basalt geogrid protected with robust hardening epoxy
resin in MD

Table 3.8: Statistics from wide width tensile test on Fortrac R 50/50-40 B basalt geogrid protected with robust hard-
ening epoxy resin in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F2 [kN/m] ϵ1 [%] v-test [%/min]

x̄ 3101 67,42 2,08 31,04 43,46 54,35 0,85 22,05

s 132 2,87 0,09 1,40 1,45 1,26 0,07 0,80

V 4,26 4,26 4,48 4,51 3,34 2,32 7,71 3,64

Specimens protected with PU-foam tested 05.11.2012

Figure 3.8: Force [kN/m] vs strain [%] for Fortrac R 50/50-40 B basalt geogrid protected with PU-foam in MD
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Table 3.9: Statistics from wide width tensile test on Fortrac R 50/50-40 B basalt geogrid protected with PU-foam in
MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F2 [kN/m] ϵ1 [%] v-test [%/min]

x̄ 3208 69,73 2,26 24,48 37,67 49,65 1,09 21,86

s 89 1,94 0,18 6,90 6,20 5,36 0,24 1,14

V 2,79 2,79 7,97 28,17 16,45 10,79 21,95 5,20

The obtained tensile strengths and strains at failure from the tests performed on Fortrac with different protec-

tions are shown in Figure 3.9 and Table 3.10.

Figure 3.9: Comparison of different protections on Fortrac R 50/50-40 B

Table 3.10: Summary of test results on Fortrac R 50/50-40 B basalt geogrid with different protections

Protection Mean tensile strength [kN/m] Mean strain [%]

Cardboard 65,35 2,29

Nonwoven 70,50 2,31

PU-foam 69,73 2,26

Robust hardening epoxy resin 67,42 2,08

Soft hardening epoxy resin 67,03 2,07

Evaluation of performance

The same material has been put through the same test with five different materials in the clamping area to try to

avoid slippage. The products used were cardboard, nonwovens, PU-foam, solid hardening epoxy resin, and soft

hardening epoxy resin. All results are given in Figures 3.4 to 3.9 and in Tables 3.5 to 3.10.

The mean value for the maximum tensile force varies between 65,4 kN/m and 70,5 kN/m. The lowest value was

obtained by using cardboard while the highest value was obtained by using nonwovens in the clamping area. The

standard deviation was somewhat lower for the tests using cardboard, but not too much.

The maximum strain was found to be 2,1 % for the tests with epoxy in the clamping area and 2,3 % for the other
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tests. The standard deviation on the tests was small. The value is low, but as expected. The tests clearly show that

the material is very brittle.

These tests indicate that it is favorable to protect the clamping area with nonwovens to obtain the best results.
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3.2.2 Creep rupture behaviour on Fortrac R 50/50-40 B basalt geogrid

KIWA have performed tests to determine the creep rupture behavior of Fortrac R 50/50-40 B basalt geogrid accord-

ing to ISO 13431 (ISO 1999). In the test, the specimens are loaded with a constant static force. The elongation of the

specimen is recorded throughout the test. The duration should be 1000 h or until rupture. While the wide width

tensile test deals with short time failure, this test deals with failure over time due to creep. Nonwoven, PU-foam

and robust hardening epoxy resin have been applied in the clamping area to avoid slippage.

Table 3.11: Test data for Fortrac R 50/50-40 B basalt geogrid in creep rupture tests

Test data

Material Fortrac R 50/50-40 B

Test norm ISO 13431:1999-11

Date 11.04.2012 and 15.11.2012

Test direction MD

Specimen width 1 strand

Test apparatus (Short time < 100 h) Zwick Z250 / Zwick Z050 /Instron 5567

Test apparatus (Long time > 100 h) Vertical steel frame - load is applied by lever arm

Clamping system Hydraulic clamps / roller clamps

Note: Clamping area of grid protected with nonwoven,

PU-foam or robust hardening epoxy resin

Climate 23 ◦ C / 45 % relative humidity

Method for tensile strength ISO 10319:2008-10

Ultimate tensile strength UTS 70,5 kN/m (3243 N at specimen width of 1 strand)

Strain at max load 2,3 %
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Results

Specimens protected with nonwoven tested 11.04.2012

Figure 3.10: Load [% of UTS] vs log time [h] for Fortrac R 50/50-40 B basalt geogrid protected with nonwoven in MD

Specimens protected with PU-foam tested 15.11.2012

Figure 3.11: Load [% of UTS] vs log time [h] for Fortrac R 50/50-40 B basalt geogrid protected with PU-foam in MD



CHAPTER 3. PREVIOUS TESTS 25

Specimens protected with robust hardening epoxy resin tested 15.11.2012

Figure 3.12: Load [% of UTS] vs log time [h] for Fortrac R 50/50-40 B basalt geogrid protected with robust hardening
epoxy resin in MD

Evaluation of performance

The three tests have been protected with nonwovens, PU-foam or robust hardening epoxy resin. The tests per-

formed with nonwovens have the most data points, the ones with PU-foam a few less and the ones with epoxy has

the fewest. A linear regression line has been made based on the data points.

The diagrams give information on how long time it would take to reach creep rupture when the load is at a

specific percentage of the ultimate tensile strength. The longer it takes until this happens, the better. The linear

regression line is in the form y = ax+b, where y is the load in percent of UTS, a is the slope of the curve and b is the

constant. a is negative for all tests. When a is close to zero and b is close to 100, the better properties the material

has. It should be noted that the time scale is logarithmic.

The best results seem to be obtained from the test where PU-foam has been used for protection.
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3.2.3 Long time creep behaviour of Fortrac R 50/50-40 B in MD

A long time creep test has been performed on the Fortrac R 50/50-40 B. It has been running for nearly seven years

or 58 880 hours and was still ongoing when these results were shared.

Results

Figure 3.13: Elongation [%] vs time [h] for Fortrac R 50/50-40 B in MD

Evaluation of performance

This test shows no sign at all of creeping. The plotted line is almost linear and close to horizontal. This indicates

that the product and the material have very good creep properties. For some applications, this may be of great

importance.
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3.2.4 Resistance to weathering of Basalt product A

Basalt product A has been put through weathering testing at KIWA’s laboratory. Weathering is a known problem

for several polymer materials. Weathering may be caused by UV radiation, alkalis, fungus, vermin, insects, fuel,

detergents, or others. In this test, the QUV has been used. It is an accelerated weathering tester that simulates

the work of sunlight, rain and dew over months or years in a compressed period in the lab. It uses fluorescent UV

lamps that work in the UVA, UVB and UVC portions of the spectrum. In addition, dew and rain is simulated with

condensing humidity and water spray.

After running the weathering test for 424 hours the specimens have been tensile tested and compared to refer-

ence specimens.

Table 3.12: Test data for determination of the resistance to weathering of Basalt product A

Test data

Material Basalt product A

Test norm ISO 12224:2000-11

Date 23.02.2015

Weathering tester UV tester type QUV/spray

Luminous intensity 50 MJ/m2

Test cycle 5 h dry cycle (50 ± 3 ◦C)

1 h wet cycle (25 ± 3 ◦C black sensor panel)

Number of cycles 71

Test direction MD and CMD

Size of specimen in MD 2 strands x 300 mm

Size of specimen in MD 2 strands x 300 mm

Duration 424 h (27.01.15 to 14.02.15)

Test method ISO 10319:2008-10

Evaluation ISO 12226:2012-03

Results

Table 3.13: Results from determination of the resistance to weathering of Basalt product A in MD

Specimen number
Tensile strength [N] Strain at max force [%]

Reference specimen Exposed specimen Reference specimen Exposed specimen

Mean x̄ 5438 5409 2,2 2,1

Standard deviation s 440,4 254,3 0,32 0,10

Coefficient of variation V [%] 8,1 4,7 14,8 4,9

Residual strength / strain [%] 99,5 99,1
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Table 3.14: Results from determination of the resistance to weathering of Basalt product A in CMD

Specimen number
Tensile strength [N] Strain at max force [%]

Reference specimen Exposed specimen Reference specimen Exposed specimen

Mean x̄ 5229 5096 2,0 2,0

Standard deviation s 109,2 253,9 0,11 0,05

Coefficient of variation V [%] 2,1 5,0 5,4 2,4

Residual strength / strain [%] 97,5 101,1

Evaluation of performance

Specimens have been tested in both machine direction and cross machine direction. In MD the residual strength

was found to be 99,5 % while the residual strain was 99,1 %. In other words, the test specimens lost nearly no

strength despite being put through the weathering test. In cross machine direction the residual strength was 97,5

% while the residual strain was 101,1 %. The loss of strength was somewhat bigger than it was in the machine

direction. The residual strain at 101,1 % means that the exposed specimen obtained a higher strain value after

weathering. Most likely this increase is caused by coincidences.

The tests show that the material is not significantly affected by weathering. The changes in strength or strain

are very low. This seems reasonable. In nature, the material is exposed to all kinds of environments. It does not

weather considerably.
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3.2.5 Microbiological resistance by a soil burial test on Basalt product A

The exposed specimens have been burried in a microbiologically active soil consisting of the product ED73. ED73

is a nutrient-rich, fertilized peat-clay soil. The specimens have been in this environment for one month before they

were tensile tested and compared to the reference specimens.

Table 3.15: Test data for determination of the microbiological resistance by a soil burial test on Basalt product A

Test data

Material Basalt product A

Test norm ISO 12225:2000-12

Date 05.06.2015

Test direction MD and CMD

Size of specimen 2 strands x 300 mm

Number of specimen 5 reference (ref.) specimen

5 exposed (exp.) specimen

Incubation Climatised room

Test soil Acclimatised new soil; microbiological active

(1 month at about 28 ◦C and 97 ± 2 % relative humidity) consisting of:

"Classic ED73"

Test climate 26 ± 1 ◦C / 95 ± 5 % relative humidity

Saturation moisture content 60 % SMC

Chemical fertilizers for soil Ammonium nitrate, dipotassium-hydrogen phosphat

Cotton fabric for control Untreated woven cotton fabric (250 g/m2)

Container for soil Plastic container without lid (46,0 x 46,0 x 16,0 cm)

Duration 16 weeks (03.02.2015 to 01.06.2015)

Test method In accordance with ISO 10319

Evaluation ISO 12226:2000-12

Results

Table 3.16: Results from determination of the microbiological resistance by a soil burial test on Basalt product A in
MD

Specimen number
Tensile strength [N] Strain at max force [%]

Reference specimen Exposed specimen Reference specimen Exposed specimen

Mean x̄ 5217 5792 2,25 2,36

Standard deviation s 260 357 0,19 0,11

Coefficient of variation V [%] 5,0 6,2 8,6 4,9

Residual strength / strain [%] 111,0 105,2



CHAPTER 3. PREVIOUS TESTS 30

Table 3.17: Results from determination of the microbiological resistance by a soil burial test on Basalt product A in
CMD

Specimen number
Tensile strength [N] Strain at max force [%]

Reference specimen Exposed specimen Reference specimen Exposed specimen

Mean x̄ 4927 4928 2,28 2,13

Standard deviation s 175 277 0,28 0,17

Coefficient of variation V [%] 3,6 5,6 12,4 7,8

Residual strength / strain [%] 100,0 93,2

Evaluation of performance

In MD the residual strength was 111 %, meaning that the product obtained a higher mean tensile strength after

being burried for one month. The same goes for the strain where the residual value was 105,2 %. Both properties

have increased. It is uncertain what this is due to. It may be due to substances in the soil that react with the product

and strengthen it. Another explanation, and probably the most likely one, may be that it is due to irregularities

in the product and that it is due to coincidences. In CMD the residual tensile strength remains unchanged. The

residual strain is somewhat lower.

The overall impression from the tests is that the material is well suited to be placed in a microbiologically active

environment.



Chapter 4

Products tested

One geotextile and one geogrid have been tested throughout the thesis.The geotextile is made of 100 % basalt and

supplied by EB Marine AS whereas the geogrid is made of basalt and a polymer with a coating, and is supplied by

ReforceTech AS.

Through Arnstein Watn a connection to the Stavanger-based company EB Marine was made. Martin Napierala

has been the contact person at EB Marine. The contact with ReforceTech was established through a family friend

who knew Len Miller. Both companies provided their products for testing.

4.1 Geotextile from EB Marine

EB Marine is first and foremost an underwater contractor. Their main customers are the public sector, contractors,

shipping agents, and consultants. They specialize in diving missions. Some of the work they do for the construction

industry is related to foundation work, dredging, formwork, casting, drilling, and erosion protection work. In the

erosion protection work, they use specially adapted concrete mattresses, pillows, silt curtains, separation cloths,

and more. They are using and have used geotextiles a lot.

Napierala informed Watn of their basalt geotextile in connection with an inquiry they had received for a project

in Germany. The knowledge of the product properties was limited. The product data sheet shown in Table 4.1 gives

basic data but no mechanical properties for the products. Napierala had no further data than the product data

shown in the table. A product sample was sent to be tested. It has been put through various standardized tests. The

product will be referred to as EB geotextile.
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Table 4.1: Product data for EB geotextile

Product data

Name Basalt fiber woven textile 630

Material 100 % basalt

Production technique Woven

Filament density 2,67 g/dm3

Width 1580 mm (ISO 5025:1997)

Length Max. 500 m

Thickness 0,36 mm (ISO 4603:1993)

Surface weight 630 g/m2 (ISO 3374:2000)

Weight per roll 500 kg

Melting point 1350 °C

UV stability > 7 (ISO 105-B02)

In Figure 4.1 five pictures of the product are shown. The product recieved for testing was delivered in a roll

packed in cardboard. When unpacking the geotextile footmarks were registered on the product. This indicates that

someone has stepped on it. No damage was detected visually. This is unfortunate for the testing but has in all

probability not affected the results significantly.

In the preparation of the test specimens, it was discovered that the threads did not go straight through the entire

test piece but moved in irregular waves. This can be seen in Figure 4.1 (b). When the specimens are prepared for the

tensile test, the outer threads are removed. Now that the threads do not go straight, this could affect the geometry

of the test piece and may be a weakness.

The product has been studied under a microscope. The weaving technique appears to be a twill weave, ap-

parently a 3/1 twill weave. The weft thread is passed over one or more warp threads and then under two or more

warp threads in a twill weave. This makes the characteristic diagonal pattern. It is supposed to be softer than plain

weaves.

The size of the threads has been studied in the microscope as well and is shown in Figure 4.1 (e). On average they

were found to be 0,02 mm corresponding to 20 µm. In the literature study it was found that fibers with diameter

less than 3,5 µm could be harmful. It was also found that the mean value of the fragment fiber diameter is the same

as the diameter of the undamaged fiber. If this is the case, the fibers from this product should not be harmful to

health.
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(a) Product rolled up (b) Weakness in production (c) Weaving pattern

(d) Weave details

(e) Fiber details

Figure 4.1: EB geotextile
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4.2 Geogrid from ReforceTech

ReforceTech mainly work with the reinforcement of concrete. They specialize in the developement and production

of basalt and glass fiber products with their main facility in Røyken, Norway. MiniBars and BasBars are produced

from basalt and/or glass fibers. The MiniBars are designed to be secondary and/or primary reinforcement. It is a

macrofiber that disperses into the concrete matrix and has the same specific gravity as the concrete. BasBars are

made to replace primary steel reinforcement. It is a composite rebar where basalt fibers are embedded in a vinyl

ester resin to make reinforcement bars in various sizes.

GeoGrid is another product in their portfolio. It is a fiber-reinforced plastic (FRP) material based on basalt and

protected with an alkali-resistant coating. The load is carried by the basalt fibers while plastic threads are used to

keep the basalt fibers in place. ReforceTech state that the product is suitable for reinforcing roads, railways and

concrete applications. According to Miller, ReforceTech does not produce nor sell much of this product. In the

product data sheet, mechanical properties are not stated. The product data sheet describes the product along with

its’ claimed benefits. The benefits stated are:

• Higher mechanical strength and modulus, more resistive to chemical aggressive environments than E-glass

mesh.

• The melting point of basalt fibers is 1450°C.

• Typical paving temperatures will not cause any loss application temperature than for synthetic material. That

is especially important for north regions.

• Lower elongation before break rupture than for synthetic material.

• Easily milled using typical milling equipment.

• Does not stretch and pull as polymer meshes.

• No special equipment is required to install the reinforcement.

• Basalt mesh is environment friendly and based on naturally occurring material that is found worldwide.

• Specially developed coating provides good adhesion with concrete to improve tensile strength and increase

impact resistance.

• High mechanical strength and modulus.

• High resistance to chemical aggressive environment and in particular high alkali resistance will not allow

appearance of rust or corrode.

• Minimizes crack width and spread.
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Figure 4.2 shows five pictures of the product. Figure 4.2 (b) shows a specimen where the MD is going from top to

bottom. The opening size between the threads is approximately 30 x 30 mm. In MD the product has three strands

held together by a polymeric thread. This can be seen in Figure 4.2 (e). Two parallel strands make up the cross

machine direction. In the crossings between the longitudinal threads and the perpendicular ones, the product is

held together with the same polymeric thread.

In Figure 4.2 (c) and (d) some kind of contamination is visible. Figure 4.2 (c) is from a crossing between the two

orthogonal directions. Two bubbles are visible as well as a stripe. The diameter of the biggest bubble is approxi-

mately 0,9 mm whereas the length of the stripe is approximately 2,0 mm. This contamination is most likely due to

glue or the polymeric thread being melted in a heating process.
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(a) Product rolled up (b) Specimen

(c) Production detail (d) Production detail

(e) Fibers detail

Figure 4.2: RT geogrid
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During the preparation of the specimens, some production defects were discovered. In some places, the threads

were not stretched out but bent out, as shown in Figure 4.3 (a). This was discovered in CMD. These threads will not

contribute to absorbing tensile forces. However, this area was avoided when preparing specimens. In other places,

threads went from one strand to another. It was also observed that the dimensions of the opening size between the

threads were not always 30 x 30 mm as can be seen in Figure 4.3 (b).

(a) Threads bent out (b) Threads going from one strand to another

Figure 4.3: Defects from production of RT geogrid
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Mechanical damage under repeated loading

5.1 The standard

The index test procedure for the evaluation of mechanical damage under repeated loading caused by granular

material is a laboratory test method constructed to determine how much a geo-product will deteriorate during

installation (ISO 2019a). The testing is also done in the field on a full scale. It should be noted that the results

obtained from the laboratory and the field may differ a lot.

Principle

The purpose of the test is to simulate the load that the product is exposed to during installation in the field. This

will in many cases be repetitive loads from heavy construction machines. The specimen is put in the middle of a

standard granular material and put under a dynamic load for a given period. Thereafter the specimen is controlled

for visual damages. To measure the change in mechanical properties the specimen is subjected to a mechanical

test, typically wide width tensile tests according to ISO (2015).

Apparatus

The test apparatus is not very complicated but the test is performed rather rarely. As far as the author is concerned

this equipment is not publicly available in Norway. Therefore the tests have been performed at KIWA’s laboratories

in Greven, Germany.

The system consists of a test container, aggregate, a loading plate, and a compression machine.

The test container should have dimensions of 300 x 300 mm internal in the plane as a minimum. It should

consist of an upper part and a lower part, each 75 mm deep. The lower part should be mounted on a rigid base that

does not deflect more than 1 mm during loading. The container used in the test performed had openings on two of

the sides for easy mounting of the specimen. To avoid the aggregates from falling out from these openings a sheet

of paper was folded and put against the opening.
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The aggregate mentioned is a standard granular material. It should be a sintered aluminum oxide with a grain

size between 5 and 10 mm. None of the grains should be smaller than 5 nor greater than 10 mm. The material used

in the performed test was named NK6-8MM referring to a grain size between 6 and 8 mm.

To compact the material and apply the load, a loading plate and a compression machine are required. The

loading plate should be of dimensions 100 x 200 mm. It should be made of steel or aluminium and should be able

to transfer the loads to the aggregate without deflection. The compression machine should be able to produce a

sinusoidal pressure of between 10 ± 1 kPa and 500 ± 10 kPa on the loading plate with a frequency of 1 Hz.

A principle sketch of the test setup, as well as the used test setup, is shown in Figure 5.1 and 5.2.

Figure 5.1: Principal sketch for damage testing (ISO 2019a)

The numbers in Figure 5.1 represents the following:

1. rigid base support

2. rigid metal box

3. applied load

4. loading plate

5. test specimen

6. aggregate

7. shims
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(a) System with loading plate, test container and aggre-

gate in the lower part

(b) EB geotextile mounted in the rig

(c) RT geogrid after testing (d) Sinusoidal load

Figure 5.2: Damage test setup

Test specimens

The specimens need to be cut to fit the wide width tensile test after damage testing. According to the standard

five specimens of at least 2,0 m length and 0,2 m width in MD should be cut. Each specimen is then cut into two

specimens of at least 1,0 m in length and 0,2 m in width. One is supposed to be a reference specimen while the

other is to be used in the damage procedure before it is put in the tensile test.
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Test procedure

The lower part of the test container is filled with granular material. The material is compacted in two steps for two

equal layers. A pressure of 200 ± 2 kPa is applied for 60 s. This step only needs to be done once.

A test specimen is then placed across the lower part, centered and with the free edges equally spaced from each

side. The upper part of the container is then mounted. In the performed test two sheets of paper were installed in

the two openings as mentioned, before the upper part was gently filled with the granular material.

Before the sinusoidal load is applied a preload of 5 ± 1 kPa is applied. Thereafter the cyclic load is started.

It should produce a load between 10 ± 1 kPa minimum and 500 ± 10 kPa maximum at a frequency of 1 Hz for

200 loading cycles. The area of the test container is fixed on a platform and not moving while the loading plate is

pulsating. Therefore the pressure should be measured from the loading plate.

The specimen is then removed and inspected visually. The procedure is repeated for all specimens. Both the

reference specimens and the damaged specimens are then tested according to ISO 10319.

Calculations

The test aims to determine the change in mechanical properties. The change in properties should be calculated as

a retained value in percent:

∆R = 100 · (
Rd

R0
)

where

∆ R = retained value in percent,

Rd = mean value for the damaged specimen,

R0 = mean value for the reference specimen.

Notes

It should be noted that some producers of geo-related products are dissatisfied with this test. This is especially

the case for producers of geogrids. The aggregates tend to hit the nodes and consequently damage the specimen

leading to poor results. According to Watn this is mainly a concern for producers of geogrids and not geotextiles as

they do not suffer as much from this.

5.2 Testing at KIWA in Greven, Germany

The tests were performed for both the EB geotextile and RT geogrid at KIWA’s test facilities in Greven, Germany.

The specimens were first put through damage testing (ISO 10722). Later the reference specimens and damaged

specimens were put through the tensile test (ISO 10319).
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5.2.1 EB geotextile

Figure 5.3: Preparation of test specimens on EB geotextile

As shown in Figure 5.3 the amount of available sample material was less than desired. The specimens could there-

fore not be cut in two meters lengths as proposed by the standard. There was not enough material to prepare five

specimens for damage testing and five specimens for reference. The solution was to make eight test specimens.

Four for damage testing and four for reference. They were cut as shown in the figure. Six pieces were cut side by

side and numbered from left starting from number one. Pieces seven and eight were taken from the part of the

textile at the top right of the figure. Test pieces one, three, five and seven were put in the damage test. Test pieces

two, four, six and eight were reference specimens.

After following the procedure for damage testing on specimens one, three, five and seven they were inspected

visually. Clear damage was observed on all test pieces. The aggregate had punctured the fabric in several places.

Pictures of the test specimens are shown in Figure 5.4. The white lines on the specimens indicate the area that has

been in contact with the aggregate.
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(a) Specimen 1 (b) Specimen 3 (c) Specimen 5 (d) Specimen 7

Figure 5.4: EB geotextile specimens after damage testing

Fibers were split where this had happened. Pictures taken with the use of a microscope show this in Figure 5.5.

(a) Middle fiber from left to right broken (b) Specimen penetrated and fibers bro-

ken in the lower part of the picture

(c) Broken fibers in the middle of the pic-

ture

Figure 5.5: Broken fibers from EB geotextile after damage testing

Results from tensile testing and the retained values are presented in Chapter 6.4.1.
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5.2.2 RT geogrid

Figure 5.6: Preparation of test specimens on RT geogrid

The amount of sample material was significantly more for the RT geogrid. With this product, the specimens could

be prepared according to the standard with five specimens for damage testing and five specimens for reference.

The specimens were numbered from one to ten. Pieces one and two, three and four, and five and six were prepared

on the same strip and then cut in two. They are shown in the lower part of Figure 5.6. Further towards the roll

specimens seven and eight, and nine and ten were cut in the same way. Specimens numbered with odd numbers

were put through the damage test while specimens with even numbers were reference pieces.

The specimens were tested according to the procedure. The damages on the specimens were not as obvious as

for the EB geotextile. Marks from the aggregate were visible in some places. No punctures or serious damages were

observed. The coating on the product may have contributed to this. The specimens after damage testing are shown

in Figure 5.7 and 5.8.
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(a) Specimen 1 (b) Specimen 3 (c) Specimen 5

(d) Specimen 7 (e) Specimen 9

Figure 5.7: RT geogrid specimens after damage testing
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Figure 5.8: Marks from the aggregate on RT geogrid

Results from tensile testing and the retained values are presented in Chapter 6.4.2.
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Wide width tensile tests

6.1 The standard

Wide width tensile tests are used to identify the tensile properties of a geosynthetic. A geosynthetic may be made

out of polymers, glass or metals according to the standard. Even though none of these material classes are fitting

for basalt the products are tested according to this standard.

Most of this section is more or less taken from ISO 10319 (ISO 2015). As the standard plays an important role in

the work carried out, it is chosen to include most of it in this thesis.

Principle

The test aims to find the tensile properties of the specimen. To do this, a specimen is installed in the test rig. The

specimen should be 200 mm wide and 100 mm long. The width is greater than the length to avoid contraction

under load in the gauge length area. A set of clamps is used to hold the specimen in place. Extensometers are

mounted on the test rig and on the specimen. During testing, the specimen is exposed to a longitudinal force that

ensures a constant displacement speed until rupture occurs.

Apparatus

The machine should have a constant rate of extension, so that the strain-rate is uniform with time. The clamps

or jaws on the machine should be wide enough to hold the entire width of the specimen. In addition they should

minimize slippage or damage of the specimen. Compressive jaws are preferred but capstan grips may be used. The

principle of these are shown in Figure 6.1, where friction by lateral pressure is shown to the left and capstan or roller

clamps are shown to the right. They should comply with the standard ISO 7500-1 class 2 or better. This is where the

test machine available at NTNU comes to short.

47



CHAPTER 6. WIDE WIDTH TENSILE TESTS 48

Figure 6.1: Principal sketch of grips for tensile testing (ISO 2015)

Test specimens

Woven geotextiles

The nominal width of the specimen should be 200 ± 1 mm. This is obtained by cutting it approximately 220 mm

wide and then removing an equal number of threads from each side until the specimen gets the correct width.

Geogrids with two axes

Geogrids should also be prepared to a width of 200 mm. They should be cut at least 10 mm from any node according

to the standard.

Test procedure

The length from clamp to clamp should be 100 ± 3 mm at the start of the test. As different products have differ-

ent strengths, the load cell should be chosen according to the estimated forces. In this way the capacity can be

measured to an accuracy of 10 N, which is stated in the standard.

When the expected strain of the specimen is more than 5 % the strain rate should be 20 ± 5 % per minute. When

the expected strain is less than 5 % the specimen should break in 30 ± 5 s.

The specimen is installed in the rig so that the specimen length and the applied force are parallel. An exten-

someter is installed on the specimen. It should be mounted with fixed reference points 60 mm apart, which means

30 mm on each side of the symmetry centre. This is shown for a typical geogrid with two axes in Figure 6.2. In

the figure, mark 1 shows the gauge marks for elongation measurement, mark 2 shows the number of load bearing

elements ns and mark 3 shows a cut in exterior elements before loading.
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Figure 6.2: Reference points for mounting of extensometer on a typical geogrid with two axes (ISO 2015)

Calculations

Various results can be obtained from the test, as the tensile strength Tmax , tensile strain at tensile strength, tensile

strain at nominal tensile strength and secant stiffness.

Tensile strength

For woven and nonwoven geotextiles the tensile strength is calculated as:

Tmax = Fmax · c

= Fmax ·
1

B

(6.1)

where Fmax = maximum tensile force [kN] and B = nominal width of the specimen [m].

For geogrids the tensile strength is calculated as:

Tmax = Fmax · c

= Fmax ·
Nm

ns

(6.2)

where Nm = average number of tensile elements within a 1 m width of the product and ns = number of tensile

elements within the test specimen.
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Tensile strain at tensile strength

The tensile strain is simply read at the maximum tensile strength. It is read to the nearest 0,1 % and given in percent.

Tensile strain at nominal tensile strength

At the guaranteed strength given by the manufacturer, also referred to as the nominal tensile strength, the strain is

recorded in percent. It is read to the nearest 0,1 %.

Secant stiffness

Figure 6.3: Typical load per unit width/strain curve for wide width tensile tests (ISO 2015)

The secant stiffness can be found at a specific strain. It is done as follows:

J = F · c ·100

ϵ
(6.3)

where F = determined force at the given strain [kN], ϵ = specific strain [%] and c is given in the previous.

Results

For each test it is chosen to present all the graphs besides each other. This is done to better understand how each

test has developed. Normally the results could have been presented together, showing the mean, maximum and

minimum values. Some of the tests have results that are largely influenced by the clamps, and the results are easier

discussed with the graphs besides each other.
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Notes

ASTM D4595 (ASTM 2017), the American standard, suggests that six specimens are tested while ISO 10319 suggests

five. A greater data base will lead to more accurate results. The best option would be to test as many specimens

as possible from the entire batch. Of course this is not possible to do, so at one place a number needs to be set.

Whereas the data base will be greater with six specimens it will be less time consuming with five specimens.

The American standard runs at a strain rate of 10% per minute, corresponding to 10 mm per minute on a 100

mm test. The European runs at 20% per minute for geosynthetics with a strain in excess of 5 % and for geosythetics

with strain less than or equal to 5 % the specimen shoul break in 30 ± 5 seconds.

As found during testing there is a large variation in results depending on what grips and faces that are used. Re-

search on clamping of geogrids in tensile testing has been carried out by Muller-Rochholz & Recker (2000). The test-

ing problems increase with increasing strength, decreased deformation at rupture and sensitivity to lateral stress.

High strength geosynthetics and fabrics made of high modulus and high tenacity fibers are more difficult to test.

Such fibers will be polyester, aramid, glass, carbon, and basalt fibers.
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6.2 Testing at NTNU in Trondheim, Norway

The purpose of the testing at NTNU was to get to know the material better before testing at Statens Vegvesen and

KIWA. The testing was done based on ISO 10319 but the standard was not followed well enough to say that the tests

are done according to the standard.

With good help from staff in the geotechnics lab, Karl Ivar Volden Kvisvik and Per Asbjørn Østensen, an old

machine was refurbished. The machine had not been in use for at least 20 years it was said. The hydraulic system

for the load cell was okay. There was a leak in one of the hoses which had to be replaced. The clamp system is a

split capstan variant. An overview of the test apparatus is shown in Figure 6.4.

(a) Setup of the machine (b) Hydraulic system for load cell

Figure 6.4: Test apparatus for wide width tensile test at NTNU

6.2.1 Televev 70/70

Before testing the basalt products, a product with known properties was tested. This was done to see whether the

machine delivered trustworthy results or not.

The product tested for calibration was a Televev 70/70. It had been delivered from EB Marine together with

their basalt product for this purpose. The Televev 70/70 is a well known product that has been used for more than

20 years. According to the producer Geosyntia, Televev is a specially made high-strength fabric. It is produced of

polyester yarn woven. The product is delivered with strengths from 70 kN/m up to 1000 kN/m or even 1400 kN/m
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on order. The producer state that it has little strain even under high load.

Test setup

When testing the Televev 70/70 some challenges arose.

Cutting of the material was one challenge, although a minor one. The polyester felt soft and difficult to cut with

a scissor. To get the exact dimensions with the use of a pen, ruler and scissor required some concentration.

Before the test starts the distance between the clamps or the length of the test specimen should be 100 ± 3 mm.

The standard excepts geosynthetics mounted on capstan grips from this. As mentioned the clamps at NTNU were

a split capstan variant. To mount the specimen, one of the two parts on the clamp was dismantled. The specimen

was then rolled around this part a couple of times. This was done to make the specimen stay in the clamps during

the test and to try to avoid slippage. Then it was mounted again. It was found easiest to mount the specimen in

the top before it was mounted in the bottom. When mounting in the bottom, the specimen had to be placed so

that the clamp hit the bolt that holds the two clamps together. At the same time the fabric should not be stretched

during attachment. It should neither be too slack. With the setup at NTNU the installation of the specimens in the

apparatus was a challenge.

The top mount and the bottom mount were not completely parallel. This would mean that the tensile force

will be distributed unevenly over the fabric. This is undesirable as it means that one part of the fabric is exposed

to greater forces than the other, and thus will be more likely to fail faster. It could look as if the rig had fallen to the

ground earlier and that the frame had been bent. Attempts were made to rectify this. It helped, but the frame was

still somewhat skewed.

Either way the specimens were mounted in the rig and initial tests were carried out with the existing circum-

stances.

Results

Figure 6.5: Preliminary tests on Televev 70/70
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Evaluation of performance

As seen in Figure 6.5 most of the graphs have an almost linear behaviour in the beginning. This is especially the

case for test 1, 4 and 5. For test 2 and 3, there is a significant bend in the curve at around 5 kN/m.

Common for all of the tests is that the rupture occurred very close to the bottom clamp. According to the

standard, measurements should be taken if the test specimen slips in the jaws or if more than one quarter of the

specimens break at a point within 5 mm of the edge of the jaw. Both happened during this testing. Ideally the

rupture would have occurred more than 5 mm from the edge of the jaw and closer to the middle of the specimen.

The following section is found in the standard in chapter 8.4 (ISO 2015):

"It is difficult to determine the precise reason why certain specimens break near the edge of the jaws.

If a jaw break is caused by damage to the test specimen by the jaws, the result should be discarded. If,

however, it is merely due to randomly distributed weaknesses in the test specimen, it is a legitimate result.

In some cases, it may also be caused by a concentration of stress in the area adjacent to the jaws because

they prevent the test specimen from contracting in width as the load is applied. In these cases, a break

near the edge of the jaws is inevitable and should be accepted as a characteristic of the particular method

of test."

Another concern regarding the tests performed is that the achieved strength is much lower than expected.

Televev 70/70 should have a tensile strength of 70 kN/m in both MD and CMD. The maximum force registered

is approximately 25 kN/m. This value is 36 % of the expected value. That is a huge difference.

This can be due to various reasons. First, it is not guaranteed that the correct product has been delivered. The

wrong product may have been delivered or the product may have been exposed to conditions that have weakened

the mechanical properties. No product data was attached to the sample sent, but it is assumed that the product

tested is Televev 70/70.

Another reason may be that the equipment is out of date and may be defective. There was a suspicion that the

registration of forces could be wrong. By placing a weight of known mass on the piston, the logged force could be

read. The read force matched with the applied force.

The elongation of the specimen was recorded using an improvised solution. The extensometer in the form of

a deflectometer was not attached to the specimen itself. It was fastened in connection with the lower grips. The

elongation that is registered is therefore not the extension of the test piece itself, which should be registered with

a distance of 60 mm, but the extension of the distance between the grips. The upper grips are fixed so it is just the

extension of the lower grip that is measured. An attempt was made to find a solution to measure the elongation of

the test piece itself, but no equipment was available to achieve this. The extension measured can therefore not be

used to study the elongation of the specimens and to find the correct strain.

The main reason for the strange results is probably related to the grips. These are of the split capstan type. Se-

vere slippage was observed on all tests. Attempts were made to prevent this by passing the specimens several times

around the grips and then tightening the grips vigorously. It was not sufficient. As mentioned, it was complicated
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to get the test pieces installed in the grips in a good way. Most likely, the grips also had an edge that has been too

sharp. The top fasteners and the bottom fasteners were not parallel and the effect of this was probably that the test

pieces were pulled over a sharp edge which provoked a fracture. The grips were fastened together using two screws,

one at each end. This probably led to the test piece being more squeezed against the outer edges of the grips as the

forces were greatest here. The tendency of all the tests was that the fracture occurred just at the edge of the lower

grips.

The preliminary tests performed on Televev 70/70 at NTNU showed that the results could not be trusted.

6.2.2 EB geotextile

Although the results from the Televev 70/70 tests was rather poor it was decided to run one test on the EB geotextile.

The main purpose was to get to know the material better and how it behaves, even though the results could not be

trusted. The strength of the product was uncertain while the strain was expected to be somewhere around 3 % at

failure.

Test setup

In the same way as for the Televev 70/70 the specimen had to be rolled around the grips before the two parts of

the grip were assembled. Some attempts were made to achieve this. After the specimen was installed the test was

performed.

Results

Figure 6.6: Preliminary test on EB geotextile

Evaluation of performance

Results are shown in Figure 6.6. The expected strain was as mentioned on around 3 % at rupture. The results from

this test does not show anything close to that. Also in this test severe slippage was observed.
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Although the results from the performed tests were rather poor they provided some knowledge regarding the

testing and on the material. To get some experience before testing in other laboratories was desirable. The re-

sults can not be used for anything more than experience. The testing here highlights the importance of proper

equipment.
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6.3 Testing at Statens Vegvesen in Oslo, Norway

Further testing was performed in the laboratory of the Norwegian Public Roads Administration (Statens Vegvesen)

in Oslo, Norway. The connection was made through a PhD candidate at NTNU who previously had worked for

them. The laboratory regularly tests wovens and non wovens. Proper test equipment was available.

The laboratory has two tensile test machines. One of them is an MTS Alliance RT/100 machine with mechan-

ical grips and clip-on extensometer. The other one is an Instron 3382 machine with hydraulic grips with different

faces and video extensometer. Unfortunately the Instron machine was defect and could not be used. It would be

favourable to use this machine due to the possibilities to change the faces of the grips and because it has hydraulic

grips. In addition the video extensometer would be preferable as the strains are small and high accuracy is needed

for the measurements. The tests were therefore performed on the MTS machine.

The mechanical grips on the MTS machine are fastened by two screws that distributes the forces more or less

evenly over the entire width through a bar. This is shown in Figure 6.7. The insides of the grips are wavy and have

the shape of a wegde with a very small angle. The opening of the grips towards the middle of the test specimen is

more open than the part furthest away from the middle. This is done to prevent slippage. In this way the specimen

is not squeezed too much at the edges of the jaws which could lead to a fracture in this area. Figure 6.7 also shows

the clip-on extensometer which is easily clipped on and off.

Figure 6.7: Grips and extensometer on MTS machine



CHAPTER 6. WIDE WIDTH TENSILE TESTS 58

All of the tests were performed according to the standard as previously described. In some cases slippage was

observed, but it was nowhere near the slippage observed while testing at NTNU.

6.3.1 Televev 70/70

The Televev 70/70 was tested first. This was done to see if the results were more accurate than the ones from NTNU.

Results

Figure 6.8: Tensile test on Televev 70/70

Evaluation of performance

Results from the tensile test on Televev 70/70 are shown in Figure 6.8. The test gave a maximum tensile strength of

56,7 kN/m. This is approximately 80 % of the stated strength. Although this is not as strong as stated it indicates

that the results from the MTS machine are more trustworthy. As the nominal tensile strength was not reached, it

may also indicate that the grips and the faces are not optimized for testing of this material.

6.3.2 EB geotextile

The EB geotextile was prepared for testing and cut as shown in Figure 6.9. Five of the specimens were used for

tensile testing. Specimen number six was used in hydraulic testing, which will be presented later. Even though five

pieces were cut for testing the results are only shown for four tests. One of the tests got some technical problems

and was omitted.
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Figure 6.9: Preparation of EB geotextile specimens

Table 6.1: Test data for tensile testing of EB geotextile at Statens Vegvesen

Test data

Material EB geotextile

Test norm ISO 10319:2015

Date 22.03.2022

Test direction MD

Condition of specimen Dry

Specimen width 200 mm

Specimen weight 38,48 g

LE 100 mm

Type of testing machine MTS Alliance RT/100

Load cell 600 kN

Extensometer (path) Clip-on
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Results

Figure 6.10: Force [kN/m] vs strain [%] for EB geotextile in MD

Table 6.2: Statistics from wide width tensile test on EB geotextile in MD

n=4 Fm [N] Fm [kN/m] Am [%]

x̄ 23,94 119,70 0,7

s 2,95 17,03 0,3

Evaluation of performance

Results from tensile testing of EB geotextile are given in Figure 6.10 and Table 6.2. Some slippage was observed for

test 1 and 2. Therefore test 3 and 4 were taped with duct tape in the clamping area to try to avoid slippage. One

round of duct tape was applied. The graphs for test 3 and 4 do not differ very much from the ones of test 1 and 2.

This may indicate that the effect of the taping was minimal for the product.

Another reason for taping was to try to force the failure away from the clamps. In test 1 and 2 the failure occured

close to the clamps. Unfortunately the failure still happened in the same area on the taped specimens, so that the

tape proved to have minimal effect for this problem. Normally Statens Vegvesen test non-wovens in this machine

with these clamps. They are often thicker than the basalt products. The grips are normally not an issue for testing

of these kinds of products.

The reached strain at failure was under 1 % for all tests except from test 1. If test 1 had been preloaded as the

other ones it is believed that this one also would reach a strain under 1 %. This is lower than expected. It is believed

that this has to do with the curvature of the waves on the grips. As the material is stiff and brittle it is prone to fail if

it is bent too much. This may have happened in the tests. When the specimens are put under tension they will want

to straighten out but will be hindered by the wave formations in the grips. This will lead to concentrated forces and

may provoke a failure. The marks from the grips as well as the failure can be seen in Figure 6.11. In the figure it can

also be seen that the failure happened in the lower right area. It is also believed that the strain measurements may



CHAPTER 6. WIDE WIDTH TENSILE TESTS 61

not be sufficiently accurate.

(a) Pattern from the grips on the test specimen (b) Specimen protected with duct tape

Figure 6.11: Failure of EB geotextile specimens in wide width tensile tests at Statens Vegvesen

The graph for test 4 in Figure 6.10 is behaving normal until it reaches a force around 120 kN/m. From there it

moves upwards and to the left, meaning that the force continues to increase while the strain decreases. The grips

for the extensometer are mounted in the middle of the specimen width. When a rupture occurs near the border of

the specimen, which was the case for this test, the specimen contracted in the middle. This is the reason for the

shape of the curve.

The graph for test 1 starts at zero force whereas the other tests start at approximately 20 kN/m. This is due to

the pretension. Test 1 has been installed in the machine so that there has been some slack in the fabric. It has not

been fully extended. Due to this the start of the graph is really not of interest. The other tests start at around 20

kN/m force. When the specimens are placed in the machine and the screws on the grips are fastened the fabric is

put under tension. Ideally the tests should all be preloaded to 1 % of their ultimate tensile strength.

As the tests start the logging at approximately 20 kN/m a lot of the development of the strain is lost. This is

because the prestress has been higher than it should have been. It should have been 1 % of the tensile strength. As
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has been seen from the previous results presented the basalt products tend to have a linear curve. If a regression

is made based on the curves presented in Figure 6.10 the strain at zero force would be -0,25 % for test 2 so that the

strain at failure would be 0,25+0,4 = 0,65%. For test 3 the strain at zero force would be -0,2 % causing the strain at

failure to be 0,2+0,7 = 0,9%. For test 4 the strain at zero force would be -0,25 % and the maximum strain would be

0,75 %, so that the strain at failure would be 0,25+0,75 = 1,0%.

Slippage of the extensometer on the fabric was observed. The fabric has a relatively slippery surface, and paired

with the metal clip-on extensometer the strain measurements may contain errors.

6.3.3 RT geogrid

As the results from the testing of the EB geotextile showed that the clamps were not suited for this material it was

decided to only test a few specimens.

Table 6.3: Test data for tensile testing of RT geogrid at Statens Vegvesen

Test data

Material RT geogrid

Test norm ISO 10319:2015

Date 22.03.2022

Test direction MD

Condition of specimen Dry

Specimen width 200 mm

Threads / specimen 6

LE 100 mm

Type of testing machine MTS Alliance RT/100

Load cell 600 kN

Extensometer (path) Clip-on
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Results

Figure 6.12: Force [kN/m] vs strain [%] for RT geogrid in MD

Table 6.4: Statistics from wide width tensile test on RT geogrid in MD

n=2 Fm [kN] Fm [kN/m] Am [%]

x̄ 5,97 29,87 0,7

s 1,39 6,95 0,3

Evaluation of performance

Results from testing are shown in Figure 6.12 and Table 6.4. When testing the RT geogrid the main challenge was

also related to the clamps. When the specimens were installed they were fastened in the upper clamps first. There-

after they were placed in the lower clamps and tightened. When tightening the last clamps a stress was applied to

the specimen. This can be seen in Figure 6.12. Test 1 starts at 12,5 kN/m while test 2 starts at 20 kN/m. These values

should be 1 % of the tensile strength. The specimens were tried installed with zero pretension and then stretched

to initial position, but this led to an uneven fastening.

As the tests start the logging at 12,5 and 20 kN/m a lot of the development of the strain is lost. If a regression is

made based on the curves presented in Figure 6.12 the strain at zero force would be -0,37 % for test 1 so that the

strain at failure would be 0,37+0,5 = 0,87%. For test 2 the strain at zero force would be -1,17 % causing the strain at

failure to be .17+1,0 = 2,17%. The value then obtained from test 2 will be closer to the values of the previous tests

that are presented on other basalt products.

For these tests the failure occurred inside the clamping area. The force used to tighten the clamps has probably

been too high. This force is not measured and displayed, so the tightening is done based on experience. This

problem causes a premature failure of the specimen. The true strength parameters are not found. Pictures of the

failure are shown in Figure 6.13.
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The challenge related to the extensometer was the same for the RT geogrid. The strain measurements do not

seem to have captured the strains correctly.

(a) Failure in the clamping area on RT geogrid (b) Failure of test specimen

Figure 6.13: Failure of RT geogrids in wide width tensile tests at Statens Vegvesen
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6.4 Testing at KIWA in Greven, Germany

KIWA, or former TBU, is a laboratory specialized in testing of building materials and especially geosynthetics. Fol-

lowing are the results from wide width tensile testing on the EB geotextile and RT geogrid done at KIWA’s lab. Tests

are performed on the reference specimens and the damaged specimens that have been damage tested according

to ISO 10722 and discussed in Chapter 5.

6.4.1 EB geotextile

Table 6.5: Test data for tensile testing of EB geotextile at KIWA

Test data

Material EB geotextile

Test norm ISO 10319:2015-09

Date 27.04.2022

Test direction MD

Condition of specimen Dry

Specimen width 200,0 mm

LE 100 mm

Pre-load 490 N

Type of testing machine Zwick Z600

Load cell 600 kN

Extensometer (path) Video

Specimen grips VAS V.600.HY.HY.1

(200 mm x 480 mm Vulkollan)

Climate 21 ◦ C / 34 % relative humidity

F0 = Force at 0,5 %

F1 = Force at 1 %

F3 = Force at 2 %
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Results

Figure 6.14: Force [kN/m] vs strain [%] for reference EB basalt geotextile in MD

Table 6.6: Statistics from wide width tensile test on reference EB basalt geotextile in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F3 [kN/m] t-F max [s]

x̄ 46 115 230,57 2,26 32,46 91,02 206,73 29,58

s 2080 10,40 0,13 6,83 8,57 6,64 4,40

V 4,51 4,51 5,95 21,05 9,42 3,21 14,88

Figure 6.15: Force [kN/m] vs strain [%] for damaged EB basalt geotextile in MD
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Table 6.7: Statistics from wide width tensile test on damaged EB basalt geotextile in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F3 [kN/m] t-F max [s]

x̄ 19 035 95,18 2,26 22,99 61,32 90,55 17,89

s 1140 5,70 0,70 2,03 2,81 2,57 0,34

V 5,99 5,99 31,01 8,83 4,58 2,84 1,93

Evaluation of performance

When mounting the specimens in the machine the pressure on the clamps needs to be chosen. The optimal hy-

draulic pressure will depend on the cumulative effective area of the clamping cylinders. It should be sufficient so

that no slippage occurs. At the same time it should should not be so high that the product is damaged. A pressure of

100, 200, and 300 bars were used. For the EB geotextile a pressure of 200 bars gave the best results. The differences

were not very big.

In the previous tests mechanical clamps with metallic faces have been used. In this test the faces were made of

Vulkollan. Vulkollan is an elastomer with characteristics as high tensile strength and tear resistance, as well as low

compression and abrasion loss. For basalt products and other stiff and brittle products it is found to be a preferred

face material.

The graphs from the testing of the reference specimens and the damaged specimens are scaled equally. The

maximum on the y-scale is 250 kN/m and the maximum on the x-scale is 6 % strain for all graphs. This is done to

clearly higlight the differences between the reference specimens and damaged specimens.

The mean tensile strength from the reference specimens is 230,57 kN/m while the mean tensile strength is

95,18 kN/m for the damaged specimens. In other words the product lost almost 60 % of its’ strength in the damage

testing. That is a serious reduction in strength.

At the same time, both the reference specimens and the damaged specimens reached a strain of 2,26 % at failure.

No changes have taken place here.

The tests show that this product is highly vulnerable to damage caused by granular materials. Granular materi-

als with sharp edges have the ability to cut through and puncture the stiff and brittle basalt fibers. When the fabric

is punctured the effective width of the specimen will decrease. This again will lead to higher stresses in the fabric

and less force is required to make it fail. For installations including sharp granular materials this is a big concern

for this product.
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6.4.2 RT geogrid

Table 6.8: Test data for tensile testing of RT geogrid at KIWA

Test data

Material RT geogrid

Test norm ISO 10319:2015-09

Date 27.04.2022

Test direction MD

Condition of specimen Dry

Specimen width 236,3 mm

Test strands 7

Strands / m 29,6

LE 100 mm

Pre-load 490 N

Type of testing machine Zwick Z600

Load cell 600 kN

Extensometer (path) Video

Specimen grips VAS V.600.HY.HY.1

(200 mm x 480 mm)

Climate 21 ◦ C / 34 % relative humidity

F0 = Force at 0,5 %

F1 = Force at 1 %

F3 = Force at 2 %
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Results

Figure 6.16: Force [kN/m] vs strain [%] for undamaged RT basalt geogrid in MD

Table 6.9: Statistics from wide width tensile test on reference RT basalt geogrid in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F3 [kN/m] t-F max [s]

x̄ 19 960 84,47 3,13 12,31 26,10 54,65 30,60

s 332 1,40 0,13 0,56 0,47 0,70 1,11

V 1,66 1,66 4,01 4,59 1,81 1,28 3,63

Figure 6.17: Force [kN/m] vs strain [%] for damaged RT basalt geogrid in MD
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Table 6.10: Statistics from wide width tensile test on damaged RT basalt geogrid in MD

n=5 Fm [N] Fm [kN/m] Am [%] F0 [kN/m] F1 [kN/m] F3 [kN/m] t-F max [s]

x̄ 17 405 73,66 2,88 12,63 26,55 54,41 26,68

s 1975 8,36 0,41 1,28 1,43 2,03 2,77

V 11,35 11,35 14,35 10,17 5,40 3,73 10,40

Evaluation of performance

All of the graphs in Figures 6.16 and 6.17 show a linear behaviour as the previous tests also have done. The failure

is brittle.

The reference specimens reached a mean tensile strength of 84,47 kN/m. The damaged specimens reached a

mean tensile strength of 73,66 kN/m. The difference is way less than for the EB geotextile. Approximately 13 % of

the strength is lost due to the damage.

The damaged specimens achieved a lower strain than the reference ones. The damaged specimens reached a

strain of 2,88 % while the reference specimens reached a strain of 3,13 %. Almost 8 % strain is lost.

The RT geogrid showed results that indicated that the product is less affected by damage from granular material

compared to the EB geotextile. This may be because the coating protects the fibers from being cut.



Chapter 7

Permeability test

The laboratory at Statens Vegvesen had a test machine available for testing according to ISO 11058 - Determination

of water permeability characteristics normal to the plane, without load. The machine was of the type Ge-Te-Flow

produced by Lenzing instruments. It was decided to test the properties of the EB geotextile.

The fabrics from basalt fibers may come in numerous types with variable geometries and pore openings. The

results from this test will not be representative for geotextiles made from basalt in general. It will only provide the

hydraulic properties of the EB geotextile.

Only the EB geotextile is tested. It would not make sense to test the RT geogrid.

7.1 The standard

The standard describes test methods for determination of water permeability characteristics for geotextiles and

geotextile-related products. The tests can be done in two ways. Either with constant head or with falling head. The

falling head procedure is followed in this test and will be mentioned.

Principle

For the falling head procedure, a unidirectional flow of water is applied normal to the plane of the fabric under a

falling head. The flow rate is measured continuously and the permeability is found.

Apparatus

Several requirements are needed to fulfill the standard. This regards the machine as well as the water supply and

the measuring devices. The Ge-Te-Flow fulfills these requirements. A picture of the apparatus is shown in Figure

7.1

71
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Figure 7.1: Ge-Te-Flow test apparatus

Procedure

The specimens are prepared according to the standard. They are cut to fit the diameter of the apparatus. The

specimens are shown in Figure 7.2. They should be put in water containing 0,1 % volume non-ionic surfactant for

at least 12 hours. The specimen is then placed in the apparatus, making sure that the system is sealed.
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(a) All test specimens (b) One test specimen

Figure 7.2: Test specimens for permeability testing

A water column is built up automatically in the machine. When the water column reaches its’ preset height the

test starts. The flow rate passing through the sample is measured and registered continuously. This is done with

the use of highly sensitive pressure sensors. When the head loss and the velocity reaches zero the test is stopped.

The procedure should be repeated for five test specimens.
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7.2 Testing at Statens Vegvesen in Oslo, Norway

7.2.1 EB geotextile

Results

Table 7.1: Test data for permeability test on EB geotextile
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Figure 7.3: Results from permeability tests on EB geotextile
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Evaluation of performance

As can be seen from the graphs in Figure 7.3 and Table 7.1 the test results from the five different specimens are

quite uniform. There are no big deviations from one test specimen to the other. The mean velocity index VIH50

was reported to be 24,61 mm/s. This value is a measure of the flow velocity. The value equals the discharge q

expressed in litres per square meter second.

The achieved value may be used in the design. It may be compared to similar products to choose the best

option for the specific task. It may also be used to change the geometry of the fabric to get the desired permeability

properties.



Chapter 8

Discussion

8.1 Wide width tensile tests

One of the clearest findings during testing is the importance of the equipment that is used. The tests that are carried

out for this thesis are carried out on three very different machines.

The machine used at NTNU was old and inaccurate. The strain velocity could not be adjusted. The specimens

were hard to install in the split capstan grips, leading to uneven distribution of forces and severe slippage. The

machine is not accurate enough to test geosynthetics according to ISO 10319.

At Statens Vegvesen the equipment is more up to date. It is regularly used to test geosynthetics and especially

nonwovens. Better results were obtained here, but problems related to strain measurements, failure in the clamp-

ing area and slippage still took place. As mentioned Statens Vegvesen have two machines for tensile testing. One

of them was out of order. Unfortunately this was the one that would probably obtain best results for the basalt

products.

Luckily such a machine was available at KIWA. The tests with best results, meaning highest reached tensile

strengths, were carried out here. These results are trustworthy.

The differences between the laboratories were big. The achieved tensile strengths and strains from each labo-

ratory are compared and summed up in Figure 8.1 and Table 8.1.

77
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(a) Comparison of laboratory results on EB geotextile

(b) Comparison of laboratory results on RT geogrid

Figure 8.1: Comparison of laboratory results from NTNU, Statens Vegvesen and KIWA

Table 8.1: Results from tensile testing of EB geotextile and RT geogrid in different laboratories

Laboratory
EB geotextile RT geogrid

Mean tensile strength [kN/m] Mean strain [%] Mean tensile strength [kN/m] Mean strain [%]

NTNU 20,7 25 (slippage) - -

Statens Vegvesen 119,70 0,7 29,87 0,7

KIWA 230,57 2,26 84,47 3,13

8.1.1 Clamps and grips

The importance of the clamps has really been seen throughout testing. For conventional nonwovens, metallic

clamps with mechanical fastening will do the job in a good way in most cases. For more brittle materials this is not

the case. It might be that more modern capstan grips than the ones used for testing at NTNU would have worked

fairly well. It is still believed that it would be difficult to mount the specimens in a good way.

Muller-Rochholz & Recker (2000) did a study on different clamps and faces for testing according to ISO 10319

and ASTM D4595. In the study an identical product, a PET geogrid with nominal force of 200 kN/m was tested.

Depending on the clamps the achieved strengths varied between 194,8 and 224,7 kN/m. The study says that the
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problems related to testing increase with increasing strength, decreasing deformation at rupture and sensitivity to

lateral stresses. The basalt products have a relatively high strength and low strains, so they certainly fall into the

description.

As far as the author is concerned there are no guidelines for what grips and face materials that are best for the

different product types and materials. The standard says that they should be sufficiently wide to hold the entire

width of the specimen and that they should be equipped with appropriate means to limit slippage or damage. It is

stated that it is important to choose jaw faces that limit slippage of the specimen, especially for stronger products.

What this means is not further specified. Such information would be of great value for everyone involved in the

geosynthetic industry. This would lead to better test results, which would be an advantage for both the manufac-

turer, the designer and the end user.

It is found that the material Vulkollan is one of the best suited ones for testing of basalt. It is an advancement

of polyurethane (PU). The material did not damage the material in the same way that the metal ones did. In com-

bination with hydraulic clamps no slippage was detected. This will most likely also be the case for other materials

with similar properties as glass, aramid, carbon and the ones alike.

8.1.2 Strain measurements

How to measure the strain is of great importance when dealing with low strain products. As the values at failure will

be low it is crucial to have high accuracy measurements for the small strains. This is taken care of in a good way

in the standard. The standard specifies that the equipment should be able to measure the distance between two

reference points on the specimen without any damage or slippage, and that the measurements should represent

the true movement of the reference points. The movement should be measured to an accuracy of ± 2 %, which

is quite accurate. The standard also says that the extensometer should be mechanical, optical, infrared or other

types, all with electrical output.

During testing at Statens Vegvesen a mechanical extensometer was used. The surface of the EB geotextile was

somewhat slippery. This made it harder for the extensometer to follow the movements of the specified points as

it would slide some. For the RT geogrid this problem became worse. The coating made the surface even more

slippery. A non-mechanical extensometer would have been better.

A video extensometer was used at KIWA. To be able to track the movements of the specified points, two small

pieces of tape were put on the fabric. The tape was white in contrast to the grey fabric. Before running the test the

extensometer was calibrated. With this technique the strains were tracked with high accuracy.

8.1.3 Varying results depending on laboratory

The fact that the results may vary a lot from laboratory to laboratory is a big challenge. This challenge already exists

and is known. In the study already mentioned by Muller-Rochholz & Recker (2000) another product, a polyester

geogrid with nominal force of 40 kN/m was tested in different laboratories. The results obtained varied between

32,5 and 41,6 kN/m. The highest value was found by the producer himself.
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To deal with this system a system called Round Robin has been introduced by NorGeoSpec (NorGeoSpec 2012).

Products certified and specified according to NorGeoSpec 2012 is used in these rounds. In laboratory A testing to

find the mass per unit area (ISO 9864), wide width tensile test (ISO 10319), dynamic perforation resistance (ISO

13433), Permeability normal to the plane without load (ISO 11058), and characteristic opening size (ISO 12956) is

performed. These values are used for certification and specification. Samples are then sent to other laboratories

in the system to perform a selection of tests. No instructions are given on the test methods other than those in the

respective standards. The results from all the labs can then be evaluated.

According to Diederich et al. (2012) there are three important reasons for why the results varies as much as they

do. First of all the standards allow a high degree of freedom. There is room for interpretation in almost all. This is

an obvious source for varying results. Round Robin tests should be used for discussion in technical committees to

further improve the standards. The second reason is due to deviations from the test methods that are described.

Some laboratories differ from the standard and do not perform the tests as described. It is clear that such behaviour

is inadmissible. These laboratories should be excluded if they are not willing to change their operating procedures.

The third and last reason that is mentioned is caused by variations in production. To avoid great differences caused

by this, special care should be taken during sample selection. Samples should be cut in a chosen pattern and

weaknesses from production should be avoided and reported.

8.2 Mechanical and physical properties

To facilitate the discussion around the mechanical properties found for the tested basalt products the results are

summed up in Figure 8.2 and Table 8.2. For the EB geotextile and RT geogrid the values obtained from testing at

KIWA are used. The highest value obtained from testing of the Fortrac is used.

Figure 8.2: Comparison of results from tensile testing
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Table 8.2: Summary of test results from tensile tests on basalt products

Product Mean tensile strength [kN/m] Mean strain [%]

EB geotextile 230,57 2,26

RT geogrid 73,66 2,88

Muster 08/02 b 54,52 2,20

Fortrac R 50/50-40 B 70,50 2,31

8.2.1 Tensile strength

The geotextile has the highest tensile strength with 230,57 kN/m. This strength is competitive against geotextiles

made from polyester. For instance, biaxial wowen Televev fabrics are delivered with strengths between 70 and 200

kN/m. A special product for marine applications is also available in the same range. The uniaxial woven ones can

be delivered with up to 1400 kN/m, and other producers have products with even higher strengths produced on

demand.

Huesker usually produce their Fortrac series from either Polyethylene terephthalate (PET), or from Polyvinyl

alcohol (PVA) in MD and Polypropylene (PP) in CMD. The products produced from PET have a tensile strength

from 35 to 800 kN/m, while the PVA and PP has a tensile strength from 35 to 400 kN/m. It should be noted that

these values are for stock items. Special products can be produced on demand, with over 2000 kN/m strength. The

basalt geogrids with tensile strengths between 55 and 74 kN/m are in the lower spectrum of this range.

8.2.2 Strain

It is stated that the PET products have a strain lower than 10 % in both MD and CMD whereas the PVA and PP

products have a strain lower than 6 % in MD and lower than 20 % in CMD. Compared to the basalt products that

have a strain between 2,20 % and 2,88 % in MD the difference is big.

When used for reinforcement purposes the material should normally not be stretched too much once it has

been installed. It is typically used in projects where adjacent structures will be affected by these changes. To avoid

this, the material may be preloaded to a certain strain. Another option is to choose a material with low strain.

Another important aspect for reinforcement purposes is that it is desirable to have a ductile material and not

a brittle one. If the material is about to fail, it is desirable to get a warning before this happens. When a ductile

material is used, the plastic behaviour will give room for this. This is not the case for brittle materials. As seen from

all the valid test results the basalt products do not have the plastic behaviour that is found from other materials.

When it fails, it does so instantly.

8.2.3 Vulnerability

A concern, especially for the EB geotextile and most likely for other geotextile based on basalt is their vulnerability

to mechanical damage. This damage may be caused by granular material, careless handling or other factors that
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take place on the construction site or even earlier in the supply chain. As was seen for the EB geotextile the strength

reduction can be immense. The reduction might be even bigger in the field than what is found during laboratory

testing.

As the material is stiff and brittle it is vulnerable to bending. The products received for testing could be broken

just by bending the strands. Proper coating helps to make the material more bendable. The Muster geogrid has

such a coating, and compared to the RT geogrid no failure can be seen after cumbersome bending in all directions.

The basalt fibers may be broken inside the coating, but this is not visible.

8.2.4 Physical properties

The basalt fibers have some physical properties that are studied in the preliminary project thesis that are worth to

mention. However, they may be more important in other fields than geotechnical engineering. Among them are

the fibers’ high resistance to temperatures and ability to resist a broad spectre of pH-values.

The fact that the fibers can withstand environments with high pH-values is one of the reasons why it is popular

in concrete solutions. Concrete may have pH-values between 11 and 13. This is a concern when reinforcing with

steel. When reinforcing with basalt with coating it is not a problem as it withstand this environment according to

Zhongyu & Guijun (2018). Acidic and alkaline environments can be found in nature as well. Some plastic materials

will deteriorate in these environments. Basalt will have more suitable properties.

Zhongyu & Guijun (2018) also did research on the fibers’ properties when exposed to high temperatures. The

study shows that the fibers can withstand high temperatures, although the strength is reduced depending on what

temperature it is prone to. Turukmane et al. (2018) state that the temperature range is between 260 and 982 °C,

and that the fibers have a melting temperature of about 1 450 °C. It is categorized as non-combustible and non-

exploding. For geotechnical applications this property would be of importance where the material is exposed to

high temperatures, as in road constructions when in contact with fresh asphalt.

8.3 Evaluation of applicability

8.3.1 Possible applications

The thesis has focused on mechanical properties as the use of basalt products for reinforcement purposes was to

be studied. As mentioned in Chapter 2.1 the applications for a geosynthetic are many. Having found the properties

of the material it is clear that the material has quite good strength properties while the strain properties may be of

concern. Applications where the products is prone to low strains will be of interest.

Applications could therefore be in embankments in road construction, railway construction or other fields. The

forces it is exposed to is depending on where in the embankment the product is placed. It would be ideal to place

it as high as possible in the embankment while the product should still serve its’ function.

Construction of steep slopes is another possible application for the basalt. The forces in such a construction

may be quite big. A proper design is needed if the material should be used this way. As previously mentioned the
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brittle behaviour and the vulnerability to damage needs to be assessed. As is the case today plastic materials will

do this job in a better way than basalt ones.

The fact that the material is most likely more gentle on nature than plastic products are also an important

factor to consider. When the plastic materials are installed in the ground on land in places where there is limited

UV radiation, microbiological degradation and other factors that may deteriorate the products they have limited

negative contribution to the ecosystems. When put in places where this is not the case they may degrade and

release microplastics into the ecosystem. Research has been done on the microplastic problem, which is written

about in the project thesis (Faye 2021).

One place where the product is installed on land but may be prone to such environments is when geosynthetics

are used in embankments on soft soil as peat and bog. Such structures are found all around Trondheim in the net-

work of trails in Bymarka, Estenstadmarka and others. Geosynthetics are placed on soft soil with a layer of granular

material on top. Very often it is combined with a geosynthetic product that will work as separation between the

different particles. To combine the basalt product, especially the geogrids, with separation products will have the

potential to make a good system. The layer with granular material is worn with time, especially on the edges so that

parts of the product will be exposed to the environment. The degradation will happen even faster where this is the

case. If basalt products are used the effects on the ecosystem will be less harmful than they will be for plastics. The

use of basalt products in a combined solution with separation products in trails could be ideal.

Such areas of applications often involves rough and uneven ground. The products used here should be flexible

and easy to install. The basalt products are not very flexible compared to plastic products. Installation where the

ground is very uneven may be a challenge.

Other interesting applications are marine applications and applications where the fabric will be in contact with

water. Concrete mattresses is a solution used in such environments. They may be used to protect pipelines offshore

from dropped objects and trawl boards. Another use could be for scour protection. This could be interesting

as offshore wind often will involve pillars anchored in the seabed where the scour problem needs to be solved.

Offshore wind is an emerging field where there is willingness to look at new solutions.

Erosion control of river banks may be solved with the use of geosynthetics, preferably in the form of geotextiles.

When they are formed into tubes or bags that are filled with local materials they can be placed in a designed pattern

to fulfill their job. The use of local materials would mean less transportation and thereby less costs and emissions.

In such applications they may work both as reinforcement and for erosion purposes. This may be another possible

application for the basalt products.

8.3.2 Environmental and health aspects

It is found that the diameter of the basalt fibers depicts whether they are unhealthy to humans and animals. As

mentioned in Chapter 2 fibers with diameters less than 1,5 or as some say less than 3,5 µm will remain airborne

and will be able to reach the deeper lungs. 3,5 µm would be a conservative measure. According to Mafic, who is

a manufacturer, there are no known health effects from long term use or contact with fibers with diameter greater
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than 3,5 µm. They can not penetrate the narrow, bending passages of the human respiratory tract. They will not

reach the deeper lungs. They will deposit on the surfaces of the upper respiratory system and will leave the body

through normal physiological mechanisms.

It is stated by many manufacturers that the control of the production is at a high level and that the control of the

fiber diameter is strict. The processed fibers may still contain a small amount of respirable fibers that may reach the

deeper lungs. Therefore it is of great importance to control this. Measurements should be taken in the production.

The use of ventilation and respiratory masks could be appropriate measures.

As the melting temperature of the rock material is high the melting process is quite energy demanding. This is

most likely the component in the supply chain that is most harmful to the environment. What source the energy is

produced from will be of importance in environmental accounts.

The transportation of the material is also a concern. Often the rock quarries are situated in another country

than where the fibers are produced. The manufacturers of the finished products may also be located another place

than where the fibers are produced. This leads to much transportation.

All the transportation is of concern with regards to microplastics. Andreas Elsing from Huesker stated that the

transport of geosynthetics made from plastics is what emits most microplastic. It is not in the production or in

installation and use that most microplastics are emitted, but in transportation when the tyres of the vehicles are

worn. If this is the case, the argument to use basalt products rather than plastic products due to microplastics is

greatly weakened.

8.3.3 Certification and specification

The work done through NorGeoSpec for Norway, Sweden, Finland, and Estonia, and in the same way through

Asqual for France with certification, specification and quality control is important for development of new products

and materials. When results can be compared from different laboratories their credibility and accuracy can be

considered and discussed. When dealing with new materials with rather unknown properties this is crucial.

8.3.4 Availability and political aspects

As mentioned the products are often produced from quarries in Eastern Europe, at least for products sold on the

European market. The products will often be manufactured in the same countries or neighbour countries.

For instance ReforceTech get their geogrids from a producer named Kamenny Vek. Kamenny Vek is a Russian

company located outside of Moscow, Russia. Usually they get the rock material from quarries in Ukraine. The rock

material is transported to Kamenny Vek’s production facilities. The fibers are produced here and some finished

products as well. The fibers may also be sold to other producers.

With the current situation with Russia and Ukraine in war the entire supply chain is put out of action. In the

project thesis (Faye 2021) it was found that most of the development within the basalt industry has been done

in Eastern European countries for the European market. The unstable political situation is a challenge. The war

clearly proves why.
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8.3.5 Commercial aspects

There is a hype on green solutions and sustainable solutions today. Every company wants to reduce their footprint.

This has really been put on the agenda in the construction industry. One of the major contributors to emissions in

this sector is concrete. If a company is able to provide a solution where concrete is replaced with solutions based

on geosyntethics it will have a great impact on their environmental accounts. If the geosynthetics are not based on

plastics but rather based on natural materials as basalt it will have an even greater impact.

Prices compared to similar solutions must be considered. It is not to be hidden that the prices decide the chosen

solution in most cases. Environmental aspects alone are not weighted as much as the prices are. The literature

states that the prices of basalt fibers are similar to those of glass fibers. The prices will change with time and they

will have a lot to say regarding the development of the material in the industry.



Chapter 9

Conclusion and recommendations for

further work

9.1 Conclusion

The big question is why basalt products should be used when plastic products work as well as they do?

The products tested and the previous results obtained shows that geotextiles and geogrids based on basalt have

properties that make them both suitable and less suitable for geotechnical engineering.

Tensile testing has proven to have some challenges when testing high strength and low strain products as prod-

ucts based on basalt fibers. The problems are mainly related to the clamping system. The faces of the clamps, what

type of clamps and the clamping pressure applied has a lot of impact on the test results. The importance of an

accurate strain measurement on low strain products has also proven to be of great importance.

The tensile strength found from testing according to ISO 10319 was around 230 kN/m for the EB geotextile

while the geogrids had tensile strengths approximately between 54 and 74 kN/m. The values obtained are similar

to products made from plastics, especially PET.

What separates the basalt products from the plastic products is their stiff behaviour and low strain at failure. All

products indicated a strain less than 3 %, which is very low. As have been seen from the test results the products

are brittle. The low strain and their brittle nature is not favourable.

The creep properties obtained from creep rupture testing are fairly good. The long term creep testing indicates

that the material almost does not creep at 40 % of the tensile strength. Testing of resistance to weathering and mi-

crobiological resistance shows that the material is almost unaffected when put in these environments. Permeability

tests performed on the EB geotextile do not show any abnormalities.

Although the strengths and strains are found based on four (five) products they give a good picture on the

material type and its’ properties.

It is not found any areas of application where basalt products have any clear advantages compared to plastic

86
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materials. Applications where the products could have advantages would be when they are in contact with water

in situations near river systems or in marine applications. Plastic materials will then emit microplastics that may

be harmful while basalt will emit chopped fibers that most likely will not be.

In conclusion, the arguments for why basalt products should be used instead of plastic products are not ob-

vious. Challenges related to its’ low strain, brittle nature, low flexibility, related to testing, uncertain value chain,

costs and pricing, and low recognition make it unattractive to invest in the material. When or if these challenges

are solved, the basalt products will have its’ place in geotechnical engineering. Until then polymer products will be

preferred.

9.2 Recommendations for further work

Research and development on basalt fibers and basalt products should continue. The material has proven its’ right

to live in other industries than geotechnical engineering.

Fiber Reinforced Plastics (FRP) can be produced to obtain almost any properties wanted. Fibers from basalt,

glass, and the ones alike can be mixed with various plastic materials in all sorts of production methods. To use the

fibers in such applications may be very interesting.

Problems related to testing of high strength, low strain, and brittle materials are braking the development. Other

challenges will most likely come up with development of new products. Guides on how to deal with these chal-

lenges will be of great help. For testing of basalt basalt products, a guide with known challenges and measurements

to be taken to avoid them would be appreciated. Organizations like IGS, NorGeoSpec or others alike could be

candidates to carry out such work.

How the material will behave and function in its’ applications with time is uncertain. Field testing should be

carried out to assess this. Laboratory testing and field testing will not always give the same results although the

laboratory testing often wants to replicate the conditions in the field. Various factors in nature can affect the mate-

rial in ways that can not be recreated in the laboratory. Life cycle analysis based on the results obtained from field

testing as well as laboratory testing should be carried out.

Other areas of application should be investigated. It may be that the products have superior properties for

particular tasks. The value chain and the prices of the fiber and the products should also be investigated. The

prices compared to similar products will to a large extent decide the development of the material. Cost analysis

should be carried out. If basalt products prove to have a clear competitive advantage on price compared to its’

rivals, new areas of application will be found.

Research and development carried out will benefit from being publicly available. In this way one actor will not

have to do the same mistakes as another one have already done. It is not always in a company’s interest to publish

their work and results. Independent organizations and foundations will have an additional responsibility in this

work.



List of Abbreviations

CBF Continuous basalt fibers

CMD Cross machine direction

EB EB Marine AS

FRP Fiber reinforced plastics

MD Machine direction

NTNU Norwegian University of Science and Technology

PET Polyethylene terephthalate

PP Polypropylene

PU Polyurethane

RT ReforceTech AS

UTS Ultimate tensile strength
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List of Symbols

AC Strain for secant stiffness

Am Strain at tensile strength

AZ Secant

B Nominal width of specimen

ϵ Strain

ϵi Strain at force i

F Force

Fmax Maximum force

kv Coefficient of permittivity

n Number of specimens

ns Number of tensile elements

Nm Average number of tensile elements within 1 m width of the product

∆R Retained value in percent

R0 Mean value for the reference specimen

Rd Mean value for the damaged specimen

s Standard variation

SA Elongation at preload

T Load per unit width

Tmax Tensile strength

V Coefficient of variation

VIH50 Velocity index for a hydraulic height difference of 50 mm

v − test Strain rate

v20 Flow velocity at 20 °C

x̄ Mean value
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Basaltfasertextil 630 

basalt fiber woven textile 630 

 

Textil aus: 
Faser: 100 % Basalt 
Gesamtgewicht: 630 g/m² 
Farbe: braun 

 
 

Aufbau 
construction 

woven textile:   
fiber: 100 % basalt 
total weight: 630 g/m² 
colour: brown 

Rollenabmessungen Standard 
standard roll dimensions 

 

 

Material 
material 

100 % Basaltfaser gewoben 
100 % basalt fiber woven 

 
 
 

 
Eigenschaften 
specifications 

Faserdichte  
filament density 

2,67 g/dm3  

Schmelzpunkt 
melting point 

1350 °C  

Flächengewicht 
surface weight 

630 g/m2 ISO 3374:2000 

Breite 
width 

1580 mm ISO 5025:1997 

Dicke 
thickness 

0,36 mm ISO 4603:1993 

UV Stabilität 
UV stability 

> 7 ISO 105-B02 

 

Verpackung 
packaging 

 
Textil gerollt auf Pappkartonkern. Die Rollen sind horizontal auf einer Palette 
angeordnet und mit Umreifung gesichert. 
Fabric rolls on cardboard tube. Rolls are arranged horizontal on a pallet with 
secure strapping. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alle hier gemachten Angaben beruhen auf unseren 
bisherigen Erfahrungen und sind als unverbindlich zu 
betrachten. Die Prüfungen beruhen auf Messungen des 
Zulieferers an Stichproben und stellen nur eine 
technische Beschreibung des Produktes dar. Eine über 
den Wert unseres Produktes hinausgehende Haftung 
kann aus den vorstehenden Ausführungen nicht 
abgeleitet werden. 
 
All statements made herein are based on our 
experienced gained to date and are to be considered 
without obligation. The specific values mentioned are 
based on measurements made by the supplier taken 
from random samples and are only representative for 
the technical description of the product. No liability 
exceeding the value of our product can be derived from 
the foregoing statements. 
 
 

Stand: 2022-02 
Current state: 2022-02 

Breite width 1580 mm 

Länge length max. 500 m 

Gewicht/Rolle 
weight per roll 

500 kg 
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For concrete applications, basalt reinforcing mesh with alkali resistant coating is developed to prevent cracks as well as for 
reinforcement of mortars and non load bearing concrete.

The higher tensile strength of this product, compared to E-glass or steel, increases impact resistance and prevents 
from cracks appearance.

DESCRIPTION
Basalt reinforcing mesh with alkali resistant coating is designed for reinforcing road, railways, and concrete applications. For road 
and railway, prolong the pavement lifespan by reducing the effects of reflective cracking caused by traffic loading, age hardening and 
temperature cycling. Pavement life between maintenance can be prolonged significantly. Basalt reinforcing mesh makes it possible to 
reduce thickness of asphalt pavement up to 20%.

GeoGrid™
HIGH PERFORMANCE FRP COMPOSITE REINFORCEMENT FOR CONCRETE

BENEFITS

• Higher mechanical strength and modulus, more resistive to chemical aggressive environment than E-glass mesh.

• The melting point of basalt fibres is 1450°C.

• Typical paving temperatures will not cause any loss application temperature than for synthetic material. That is especially 
important for north regions.

• Lower elongation before break rupture than for synthetic material.

• Easily milled using typical milling equipment. 

• Does not stretch and pull as polymer meshes.

• No special equipment is required to install the reinforcement.

• Basalt mesh is environment friendly and based on naturally occurring material that is found worldwide.

• Specially developed coating provides good adhesion with concrete to improve tensile strength and increase impact resistance.

• High mechanical strength and modulus.

• High resistance to chemical aggressive environment and in particular high alkali resistance will not allow appearance of rust or 
corrode.

• Minimizes crack width and spread.

ReforceTech AS 
Luftveien 4
NO-3440 Røyken 
Norway 
+47 
www.Reforcetech.com

This information and data contained herein is offered solely as a guide in the selection of reinforcement. The information contained in this publication is based on actual laboratory data and field test 
experience. We believe this information to be reliable, but do not guarantee its applicability to the user’s process or assume any responsibility or liability arising out of its use or performance. The user agrees to 
be responsible for thoroughly testing any application to determine its suitability before committing to production. It is important for the user to determine the properties of its own commercial compounds when 
using this or any other reinforcement. Because of numerous factors affecting results, we make no warranty of any kind, express or implied, including those of merchantability and fitness for a particular 
purpose. Statements in this publication shall not be construed as representations or warranties or as inducements to infringe any patent or violate any law, safety code or insurance regulation. ReforceTech 
reserves the right to modify this document without prior notice.  All Rights Reserved. Pub number: 10021900. MiniBars™ product sheet_ww_02-2017_Rev0_EN. May 2021 

 PRODUCT DATA SHEET
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GE-TE-FLOW Statistik Report
DIN EN 11058-6Water permi tvity test according to 

8.99Coefficient of variation

2.21 mm/sStandard deviation

24.61 mm/sAverage

26.5 mm/sMaximum

21.12 mm/sMinimum

VIH50

9.69Coefficient of variation

1.1 sStandard deviation

11.34 sAverage

13.12 sMaximum

10.45 sMinimum

Time t required one liter (1L)

04.81792Coefficient of variation

00.00001 m/sStandard deviation

00.00018 m/sAverage

00.00019 m/sMaximum

00.00017 m/sMinimum

kv (coefficent of permittivity at 20 °C)

0.36 mm10.75 s0.0001855 m/s38.674 mm/s25.768 mm/s20°CEB Marine5_Wednesday, March 
23, 2022

523.03.2022, 11:01

0.36 mm10.45 s0.0001908 m/s39.809 mm/s26.502 mm/s19.9°CEB Marine4_Wednesday, March 
23, 2022

423.03.2022, 10:48

0.36 mm10.69 s0.0001865 m/s38.1 mm/s25.909 mm/s19.8°CEB Marine3_Wednesday, March 
23, 2022

323.03.2022, 10:40

0.36 mm11.67 s0.0001899 m/s35.79 mm/s23.733 mm/s19.8°CEB Marine2_Wednesday, March 
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Abstract

Geotextiles are used in various applications within geotechnical engineering. It may provide

cheaper and easier constructions than conventional methods where, for example, concrete is

used. It is used for reinforcement purposes in walls, slopes, embankments and more. The com-

posite material then consisting of earth and the reinforcement material will have both compres-

sion and tensile capacity whereas soil alone don’t have tensile capacity. The magnitude of the

capacity is depending on the materials used. Synthetics are mostly used. The strength proper-

ties of different synthetics vary a lot, so the right material has to be chosen for the right task. Or-

ganic materials as jute and coir has been used for decades, but might have insufficient strength

properties. Inorganic materials as basalt is an emerging material. It has the required strength

properties in addition to environmental benefits compared to synthetics due to its’ natural ori-

gin.

The natural origin means that the material can also be well suited for erosion purposes. Here,

the task of the geotextile will be to prevent material from being washed out of the earth skeleton

due to water or wind. As the material breaks down it will chip up. The chips will be transported

with water in the water cycle and will become part of natural ecosystems. When synthetic mate-

rials are broken down, microplastics will end up in ecosystems, which is not desirable. Organic

materials will decompose quickly and will not be harmful to nature. Basalt will not degrade in

the same way as natural materials, but since it is a natural material, it will not damage ecosys-

tems in the same way as plastic.

These properties form a good basis for the development of geotextiles based on basalt. In sev-

eral projects, the combination of reinforcement and erosion control will be relevant and basalt

may in these cases be a suitable material. As there is not done much work on this, further re-

search is required to understand how the material works in conjunction with soil in the built

environment.
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Sammendrag

Geotekstiler brukes i ulike sammenhenger innenfor geoteknikk. Det kan gi billigere og enklere

konstruksjoner enn konvensjonelle metoder hvor det for eksempel brukes betong. Det brukes

til forsterkningsformål i vegger, skråninger, voller med mer. Komposittmaterialet som da er

bestående av jord og armeringsmaterialet vil ha både kompresjons- og strekkkapasitet, mens

jord alene ikke har strekkapasitet. Hvor stor kapasiteten er avhenger av materialene som brukes.

Syntetiske stoffer brukes mest. Styrkeparametrene til forskjellige syntetiske materialer varierer

mye, så riktig materiale må velges til riktig bruk. Organiske materialer som jute og kokosfiber

har vært brukt i flere tiår, men kan ha utilstrekkelige styrkeegenskaper til forsterkningsformål.

Uorganiske materialer som basalt er et materiale som kan være interessant å bruke innenfor

geoteknikk. Basalt har de nødvendige styrkeegenskapene som kreves for forsterkning, i tillegg

til miljømessige fordeler sammenlignet med syntetiske stoffer på grunn av sin naturlige opprin-

nelse.

Den naturlige opprinnelsen gjør at materialet også kan egne seg godt til erosjonsformål. Her

vil geotekstilens oppgave være å hindre at materiale vaskes ut av jordskjelettet på grunn av vann

eller vind. Etterhvert som materialet brytes ned vil det flises opp. Flisene vil bli fraktet med

vann i kretsløpet og vil bli en del av naturlige økosystemer. Når syntetiske materialer brytes ned

vil mikroplast havne i økosystemene, som ikke er ønskelig. Organiske materialer vil brytes ned

relativt raskt og vil ikke være skadelig for naturen. Basalt vil ikke brytes ned på samme måte som

naturlige materialer, men ettersom det er et naturlig materiale vil det ikke skade økosystemene

på samme måte som plast.

Disse egenskapene danner et godt grunnlag for utviklingen av geotekstiler basert på basalt.

I flere prosjekter vil kombinasjonen av forsterkning og erosjonskontroll være relevant og basalt

vil i disse tilfellene kunne være et egnet materiale. Ettersom det er lite brukt til dette kreves det

videre forskning for å forstå hvordan materialet fungerer i samvirke med jord.
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Chapter 1

Introduction

The use of geotextiles is a well-known and well-used technical solution in geotechnical design.

According to R. M. Koerner (2016), the use of stabilization attempts of peat bogs date back to

3000 B.C. Back then timber was the primary material in use. As more and more surface area

of the earth is used by the built environment, the need for methods to build on poor soils has

increased. The first use of fabric to fill this purpose was attempted in 1926 by the South Carolina

Highway Department in a road project (R. M. Koerner 2016). The project showed that the fabric,

made from natural fibers, reduced cracking and raveling before it deteriorated. Since then the

use of geotextiles has increased. The technique has shown to be ideal in various projects due to

a relative low cost compared to alternative methods and easy installation.

1.1 Background

Most geotextiles in use today are based on synthetic materials, often petroleum-based. The pro-

duction of these materials have a negative impact on our environment. Microplastics is yet an-

other problem. Recent studies show that plastic materials will leave fragments over time. These

fragments takes long time to degrade and will disrupt the ecosystems where they are deposited

(Cózar et al. 2014; Hale et al. 2020; Petersen & Hubbart 2021; Horton & Dixon 2018). This is espe-

cially the case in or near river systems and in the sea, where the fragments are transported and

deposited by the water. How they are transported is hard to analyze. Natural materials without

same problems regarding degradation exists. Unfortunately, their service life is often signifi-

cantly shorter, and most of them do not have the properties that modern engineering needs.

1
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This have aroused interest for new materials.

Especially for erosion control purposes, which is often combined with reinforcement pur-

poses, a new material will be of interest. The product type most suitable for this use is geotex-

tiles.

Basalt fibers for use in geotextiles has been proposed. As far as the author is concerned, there

is not much literature available on this. It has been used in other industries, where the strength

and fire properties of basalt is of importance. How the material is produced and some literature

on the material properties can be found.

1.2 Term

There is not really a good existing collective term for geotextiles, geogrids, geonets, geomem-

branes etc. that is not restricted to be based on synthetic material. Geosynthetics is a collective

term for these products, but it does not include natural materials. There is no such term for both

synthetic and natural based products. Most materials in use for this are synthetic based. Most

natural based products are geotextiles, but we will most likely see other types of products in the

future when hopefully natural materials have a bigger presence.

1.3 Limitations

As there is a lot of different applications for geotextiles not all of them can be covered in depth.

The focus will be on erosion control and reinforcement of walls and slopes. There are numbers

of different ways to design solutions for problems related to this. Different designs and calcula-

tions methods will hardly be touched.

To use basalt fibers in a composite material may be very interesting. As it is a material with

properties alike glass- and carbon fiber it would most likely perform well in a composite. There

has been done a lot of research on composites as fiber-reinforced polymers. As there is so many

various ways to make a composite, depending on what materials used, the content of each ma-

terial and how they are aligned etc. the properties of polymers and relevant natural materials

will rather be covered. There has also been done a lot of work on synthetic geotextiles. Only a

fraction of this work will be included.

The basalt industry is not as big in western countries as it is in countries as Russia and China.
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There may exist publications from these countries on the material written in their respective

languages. If so, they are not included as their language is not understood.

The thesis will focus on geotextiles, not geogrids, geocells, geomembranes or other product

types. Even though some of these product types could be used for erosion control and especially

reinforcement the focus will be on geotextiles.



Chapter 2

Geotextiles

The word geotextile is quite self-explanatory. It is composed of two words; geo and textile. Geo

means earth and a textile is, well, a textile. The geotextile is to be used in conjunction with earth.

2.1 Manufacturing methods

As the name geotextile reveals, the material manufacturing process of the material is based on

the same processes as traditional textiles. According to Bérubé & Saunier (2016) there are four

main geotextile types today:

• non-woven

• woven

• knitted

• composite

Non-woven

For given applications, the most common type is the non-woven. Another name for this is felts.

It is made from fibers that can be assembled in different manners. Needle-punching is the most

common one (Bérubé & Saunier 2016). Usually the process is divided into short stable fiber

process and continuous filament process as shown in Figure 2.1 (R. M. Koerner 2012).

For the short stable fiber process, the fibers are chosen to match the wanted properties of

the textile. Different polymers or natural materials as well as various dimensions can be chosen.

4
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Figure 2.1: Manufacturing process of non-woven geotextiles (R. M. Koerner 2012)

They are mixed into a homogeneous blend. Thereafter the fibers can be aligned in a certain

pattern or they can be randomly distributed. The thickness is chosen. The most common step

in the process is then needle-punching. Other less common processes for short stable fibers

are heat bonding or chemical bonding of the textile. However, these processes are often used

in the finalization of the product. In the needling process, the textile is punched with needles

moving up and down. This movement creates a random structure to the fibers. The penetration

depth, speed, number of needles, and the size and shape of the needle can be adjusted to get

the wanted properties of the product. When the needling process is done, the geotextile may be

exposed to chemical or thermal processes to give it its’ final properties.

The continuous filament process is a little different. Pellets with the chosen material are fed

into an extruder, where the material is melted and sent through a spinneret with holes of specific

dimension and form. The material is cooled and stretched before it is randomly distributed

to an apron and a web is formed. Thereafter it is most common to bond the web in a heat

process, especially for synthetic materials, but needling can also be used. In the heat process,

the material fuses together in the parts where it is overlapping (Bérubé & Saunier 2016).

Woven

Yarns, filaments or slit film tapes are used for woven geotextiles. They are weaved together in a

traditional manner. Longitudinal threads are interwined with transversal threads. Some of the

threads are lowered and others are raised to form the wanted pattern. The pattern of the fabric

and how tightly it is woven will influence the pore size of the product. Typical patterns are plain
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weave and twill weave, shown in Figure 2.2.

Figure 2.2: Plain weave to the left and twill weave to the right (Bloom 2015)

Figure 2.3 shows the manufacturing process.

Figure 2.3: Manufacturing process of woven geotextiles (R. M. Koerner 2012)

Whether the product is non-woven or woven may be confusing at first look. The non-woven

can be identified by its fuzzy look. Whether the non-woven or woven is best depends on the

type of project it is intended to be used in. Generally, non-wovens are used for separation and

filtration functions. They often have higher permittivity. Wovens tend to have higher strength

properties and are not elongated to the same extent as non-wovens. This makes them more

popular in reinforcement applications.

Knitted

Knitting is another possible way to produce a geotextile. In the knitting process, continuous

yarns are intertwined to form repeated loops. By linking these loops a web is formed. The den-
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sity of the material can be varied. The most common knitting processes are weft knitting and

warp knitting.

Composite

It is common, at least in recent years, to use composite materials to get the specific properties

that are required. Often these composites consists of a polymer with elements of other materials

such as natural fibers (H. Wu et al. 2020). Chemical, mechanical and/or heat processes can be

used in the manufacturing process.

2.2 Functions and applications

Although the focus in this thesis is on erosion control and reinforcement, geotextiles are used

in numerous projects with different purposes. Their major functions can be categorized as sep-

aration, reinforcement, filtration, drainage and moisture barrier (R. M. Koerner 2012). In the

European and Norwegian standard NS-EN 13251 by Standard Norge (2016), Table 1 divides the

functions of a geotextile and geotextile-related products into separation, reinforcement and fil-

tration. NorGeoSpec has the same division as the European standards (NorGeoSpec 2012).

A selection of applications is shown in Figure 2.4.
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(a) Retaining wall (b) Embankment with steep slopes (c) Embankment on soft founda-

tion soil

(d) Bridge pier

(e) Unpaved road (f) Paved road (g) Railway track (h) Erosion control in a slope

(i) Stabilization of a slope (j) Landfill (k) Dam

(l) Liquid reservoir (m) Water channel (n) Trench drain

Figure 2.4: Typical applications for geosyntetics and geosynthetic-related materials (Shukla & Yin 1987)

The most important properties for each function are summed up in Table 2.1

Table 2.1: Properties and functions of geotextiles

Mechanical properties Hydraulic properties

Puncture Tensile strength Compression Tearing Elongation Permeability Flow capacity Pore openings

Separation x x x x

Reinforcement x x x

Filtration x x x

For Nordic countries the book “Nordisk håndbok armert jord og fyllinger” issued by the Nordic

goetechnical associations gives guidance on how to design with geotextiles. The International

Geosynthetic Society (IGS) and its’ norwegian division IGS Norge are up to date on what is hap-
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pening in the industry.

2.2.1 Separation

When used for separation, the purpose of the geotextile is to separate different fractions with

different properties. For instance, it is often not wanted to mix coarse materials as stones with

fine grained materials as silt, as the drainage properties of the stone and the strength of the stone

will worsen.

2.2.2 Reinforcement

As soil have good compression properties but bad tensile properties, geotextiles are a good

match with its’ tension properties to form a system with both compression and tension capa-

bilities. The need for such properties may be in constructions as slopes or embankments for

stabilization purposes. In the 60s the concept of reinforced soil, or terre armée as it was called

in french, was developed by the french architect and engineer Henri Vidal (1969). The essence

of the technique was to make a material with cohesion based on non-cohesive particles. Earth

materials of all particle sizes, as silt, sand, gravel, stones and all sizes of rock, combined with

reinforcement, defined as all linear components which can withstand major tensile stresses,

would fulfill this. Originally the reinforcement was thought of as elongated elements with one

dimension clearly greater than the others, more like strips. With the development of this tech-

nique, the reinforcement does not necessarily have to be strips. It can be of various forms and

may stretch out in more than one directions. The term geotextile-reinforced soil (GRS) is widely

used today.

The way forces are distributed in a GRS may be described with the use of the following figures

and equations:
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(a) Forces acting between the geotextile and soil (b) Forces acting on an infinite element

Figure 2.5: Principal sketch of forces between soils and geotextile (Espinoza 1994)

If no slippage is assumed, the geotextile will support some of the applied load and decrease

the applied vertical stress on the underlaying soil (Espinoza). From Figure 2.5 the following

relationship can be established:

t anβ(x) = d y

d x
(2.1)

Th = T (x)cosβ(x) (2.2)

Tv = T (x)si nβ(x) (2.3)

where x is the horizontal coordinate from the lowest point in the deformed geotextile, y(x)

is the vertical displacement of the geotextile from its undeformed geometry, β(x) is the angle

between the deformed geotextile and the horizontal line, and T (x) is the tensile force of the

geotextile with Th and Tv as the horizontal and vertical components.

To obtain equilibrium for the infinite piece in Figure 2.5(b), some assumptions have to made.

A relationship between τupper and τlower needs to be established. Whether the deformed geo-

textile has a circular or parabolic shape, if the strain in the geotextile is constant or variable, and

the boundary conditions for the problem needs to be defined. A differential equation can be

made based upon these assumptions. With the specific material parameters, the improvement

made by the geotextile may be evaluated.

For numerical calculations based on the final element method, softwares as PLAXIS may be
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used to determine how geotextiles act in interaction with soils (Bentley Group 2021). In PLAXIS,

geogrids is the structural element used to model geotextiles. The elements have axial stiffness

but no bending stiffness. Different material models may be chosen to simulate the material

in a realistic manner. The available options are elastic, elastoplastic, elastoplastic (N − ϵ) and

visco-elastic (time-dependent). In the more advanced models the maximum tension force is

specified. The time dependency may also be modelled. The material can be modelled to act

isotropically or anisotropically. Thermal properties as specific heat capasity, thermal conduc-

tivity, density, thermal expansion coefficient and area (for thermal expansion) may be specified.

Another important aspect of modelling in PLAXIS is the interface option. The interaction be-

tween soil and material is specified through Ri nter or Ri nter,r esi dual . Permeability is modelled as

well.

Reinforced slopes and walls

Normally, a slope will be able to stand by itself if the inclination is less than the friction angle

of the material, when cohesion is not taken into account. The friction angle of a material may

vary a lot. Often it is in the area between 17 to 45 degrees for the most common inorganic soils

where it may be appropriate to use reinforcement techniques (Faggruppe for geoteknikk NTNU

2018). In many cases it may be desirable to have steeper slopes than the friction angle allows.

Conventionally this has been solved with the use of masonry or concrete structures. Following

the development of Vidal (1969), the slopes could be built steeper without the use of masonry

or concrete.

Vidals original system was built up by an earth material, the reinforcement strips and a skin.

The skin would be the face of the structure with the main purpose of retaining earth particles

not in contact with the reinforcement. It should exhibit adequate local resistance and overall

flexibility, provide drainage, be simple to put in place and not corrode. The optimal shape for

the skin was a semi-elliptical cylindrical form. A sketch of this system is shown in Figure 2.6.

Let us assume that the principle stresses at all points are parallel and perpendicular to the

general line of the surface of the skin. The ratio between the stresses is denoted σ1
σ3

= i . The

membrane theory then states that the stable shape for the skin is a semi-ellipse with ratio
p

i

between the axes (Vidal 1969).

The failure mechanisms of a reinforced soil wall is shown in Figure 2.7. Rogbeck et al. (2006)
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Figure 2.6: Vidals system with reinforced earth (Vidal 1969)

includes some more mechanisms, but the ones shown are the basic ones.

Figure 2.7: Failure mechanisms of a reinforced soil wall (Rimoldi 2016)

As reinforced earth walls gained popularity with the years, new designs were developed.
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In 1993, Clayborn and Wu released an article where six design methods using geosynthetic-

reinforced soils were reviewed (Claybourn & J. T. H. Wu 1993). The authors state that these

methods were the most frequently used methods in North American engineering practice. Ba-

sic sketches of six designs for a 3,6 m high wall reinforced with geotextiles are given in Figure

2.8.

Figure 2.8: Comparison of the six given designs (Claybourn & J. T. H. Wu 1993)

Calculation methods for the Forest Service method (Steward et al. 1977), Broms method

(Broms 1978), Collin method (Collin 1986), Bonaparte et al. method (Bonaparte et al. 1987),

Leshchinsky Perry method (Leshchinsky & Perry 1987) and Schmertmann et al. method (Schmert-

mann et al. 1987) can be found in the respective references. New calculation methods have been

developed since. Rimoldi presents calculation methods and procedures in his work (Rimoldi

2016), Rogbeck et al. (2006) presents calculation methods and so on.
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Reinforced embankments

Reflection cracking in asphalt? Reduce settlement Prevent local failure mechanisms

If reinforcement is not used in an embankment, horizontal deformations and mobilization

of shear stress at the bottom of the filling caused by the earth pressure may occur. This may

cause spread breakage. With the use of reinforcement, tensile stresses and shear stresses in the

lower part of the filling will be reduced as they are transferred to the textile. This will increase the

bearing capacity as the critical shear surface will go deeper and becomes longer (Bergado et al.

2002). The reinforcement will reduce the degree of mobilization of the subsoil. The roughness

at foundation level is decreased and will increase the load-bearing capacity factor Nc (Vegvesen

V220). The situation both without and with reinforcement is shown in Figure 2.9.

(a) Embankment without reinforcement (b) Embankment with reinforcement

Figure 2.9: Failure modes of embankments without and with reinforcement (Vegvesen, V221)

Various calculations methods exists; they may be given as standards or guidelines from coun-

try to country. Manufacturers may also have guidelines for calculations.

2.2.3 Filtration

For filtration purposes, geotextiles may be used behind retaining walls, around underdrains, in

erosion control structures and as silt fences. The geotextile should fulfill two purposes; to allow

water to pass through so that there is no buildup of excess pore pressure, that may be caused by

clogging, and to retain the finest particles of the soil so that they do not get washed out.

For reinforcement control, the main goal is to avoid small particles to be dislodged from

the soil caused by water or wind. It may happen due to waves, overland water flow, rain or

winds. The functions of the geotextile is then to provide for containment, dynamic filtration,

screening, surface stabilization and vegetative reinforcement (C. J. Sprague & J. E. Sprague 2016).

The textile is either actively controlling the soil dislodgement or it is intercepting the dislodged
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soil. This is called erosion control and sediment control respectively.

The intended service life may be short term or medium to long term. If the service life is

short term, the geotextile’s function is normally to keep the earth in place until the vegetation

does this task properly. In medium to long term service life, the construction may be in an area

with a great erosion potential where the natural vegetation is insufficient for this purpose.

The excess pore pressure that may build up if the fabric is too tight or blocked by particles

will cause the effective stresses in the soil to reduce. This will again lower the factor of safety for

the structure. The permeability of the textile should be adequate to avoid this. The cross-plane

permeability may be determined from the following equations based on Darcy’s formula with

constant head (Koerner):

ψ= kn

t
(2.4)

where ψ = permittivity, kn = permeability coefficient normal to the fabric, and t = thickness of

the fabric.

q = ki A

= kn
∆h

t
A

(2.5)

kn

t
=ψ= q

∆h A
(2.6)

where q = flow rate, ∆h = head lost, and A = area of fabric.

It may also be determined with a falling head. Darcy’s formula is then integrated over the

head before and after q is measured (R. Koerner 2016):

kn

t
=ψ= 2.3

a

A∆t
log10

h0

h f
(2.7)

where a = area of water supply standpipe, ∆t = time change between h0 and h f , h0 = head at

beginning of test, and h f = head at end of test.

As mentioned, the opening size should not be too big as it will allow the finer fractions to be

washed out from the soil skeleton, called soil piping. If soil piping occurs, the finer grains will

be washed out, which will make soil voids grow, which will lead to a higher water velocity, which
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again will transport even more of the finer grains until the soil structure begins to collapse. Var-

ious methods to determine the correct opening size of the geotextile exists.

In addition, clogging should be avoided. Empirically, one must avoid that these three condi-

tions occurs to avoid clogging (R. Koerner 2016):

• Cohesionless sands and silts

• Gap-graded particle size distributions

• High hydraulic gradients

2.3 Properties and test methods

Different design properties of the geotextile needs to be determined. R. M. Koerner (2012) di-

vides the properties into physical, mechanical, hydraulic, endurance and environmental prop-

erties.

In Europe, Comité Européen de Normalisation (CEN) is the body that develops and main-

tains European standards, verifications and test methods. Standard Norge is the Norwegian

member of CEN. When new standards and test methods are developed or renewed, a technical

committee is responsible. For geotextiles and geotextile-related products, technical commit-

tee 189 is responsible. All relevant standards for Norway on geotextiles can be found in NS ICS

59.080.70 Standardsamling for geotekstiler.

All the properties of products used in a construction that are important for the construction

to meet the basic requirements of the technical regulations must be documented. Certain no-

tified bodies may issue documentation of properties. 24 bodies exists in Norway. SINTEF is the

certification body for NorGeoSpec 2012. NorGeoSpec 2012 is a system for certification, specifi-

cation and control testing of geosynthetics, and sets requirements for the products depending

on the intended use. NorGeoSpec is a cooperation between the road authorities in Norway,

Finland, Sweden and Estonia. Whether the intended use for the product is separation and fil-

tration or reinforcement decides what tests it has to be put through. The relevant test standards

for Product Specification is given in Table 2.2 whereas Table 2.3 and Table 2.4 are relevant for

Product Certification.
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Table 2.2: Required values for product specification (NorGeoSpec 2012)
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Table 2.3: Certified values with tolerance (in % of values) depending on the function fulfilled by the product for
Product Certificate testing (NorGeoSpec 2012)
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Table 2.4: Determination of reduction factors for Product Certificate testing (NorGeoSpec 2012)

2.3.1 Physical

Regarding physical properties, the specific gravity, mass per unit area, thermal properties, and

geometric measures as dimensions, thickness and pore opening size are the most important

ones. The pore opening size is determined by ISO 12956 Geotextiles and geotextile-related prod-

ucts — Determination of the characteristic opening size.

2.3.2 Mechanical

For some non-wovens, the compressibility of the material is of importance as it will affect the

hydraulic properties. The more it is compressed under load, the lower its’ transmissivity. Figure

2.10 shows how the thickness varies with pressure for non-woven and woven products (Shukla

& Yin 1987). For woven, non-woven heat-set or heavily calendered fabrics, the compressibility

is not of importance.
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Figure 2.10: Variation of thickness with pressure (Shukla & Yin 1987)

For all geotextiles, the tensile strength is one of the most important parameters. For rein-

forcement use, it is obvious that this parameter is important. The tensile strength may be im-

portant as a secondary function in other applications. When the tensile strength of a product

is tested, the principle is to fix both ends of the fabric and elongate it in tension until failure

occurs, while the strain in the material is measured. Generally, wovens will have less strain than

non-wovens and reach a higher tensile stress. Test apparatus with a non-woven and a woven

product is shown in Figure 2.11.

(a) Non-woven geotextile (b) Woven geotextile

Figure 2.11: Wide-width tensile test on geotextiles using hydraulic clamps (Zanzinger 2016)

For the tensile strength, elongation at maximum load and stiffnesses at different strains, ISO

10319 Geosynthetics — Wide-width tensile test describes test methods and calculations. The
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specimen is tested to rupture. It is held across its entire width by a set of clamps and exposed

to a constant displacement speed. The strain rate should be (20±5)% per minute in the gauge

length of the specimen generally. With the method presented in the Eurocode, the width is

greater than the length of the specimen. This is to avoid contraction (necking) under loading in

the gauge length area, which is typical for geotextiles. It will resemble a relationship closer to

the one in the field.

The European standards also tests for static puncture resistance in ISO 12236 Geosynthetics

— Static puncture test (CBR test). A specimen is held in place by two metal rings. A plunger with

given geometry is pushed through the specimen at a constant rate of (50±5) mm/min. The force

and displacement is logged and used to determine the results.

In the cone drop test, specified by ISO 13433 Geosynthetics — Dynamic perforation test (cone

drop test), a specimen is placed between the clamp rings in the apparatus free of slack. The cone

is then released from a height of (500±2) mm to the center of the specimen. A measuring cone

is immediately placed into the hole, and the diameter of the hole is thereafter measured.

2.3.3 Hydraulic

ISO 11058 Geotextiles and geotextile-related products — Determination of water permeability

characteristics normal to the plane, without load describes the test methods for determination

of water permeability characteristics for geotextiles and geotextile-related products. Two test

methods are presented; one with constant head and one with falling head.

Constant head

In the test with constant head, a head loss of (70±5) mm is required. The head should be held

constant throughout the test. The water run-through should be at least 10 cm3 and last at least

30 seconds. The test is done with different head losses starting with the highest velocity for 70

mm head then 0.8, 0.6, 0.4 and 0.2 times the highest head. The flow velocity is calculated as:

v20 =
V RT

At
(2.8)

where V = the water volume measured [m3], RT = the correction factor for water temperature T ,

in degrees Celsius, to a water temperature of 20°C , A = the exposed specimen area [m2], and t =

the time measured to achieve the volume V [s].
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The temperature correction is found as:

v20 = vT RT (2.9)

where v20[ mm
s ] = q[ L

m2s
].

The head loss H is plotted against the velocity v20 for each head loss and should be presented

in one graph. The flow velocity for a head loss of 50 mm should be found.

Falling head

A unidirectional flow of water is applied normal to the plane of the geotextile under a falling

head. The test continues until the head loss and velocity reaches zero. This is done for five test

specimens. The flow velocity for a chosen water-level interval is calculated as:

v20 = q = ∆h

t
RT (2.10)

where ∆h = the difference between the upper water level, hu , and the lower water level, hl , in

meters for a time interval t , t = the time interval between hu and hl in seconds, and RT = the

correction factor for water temperature T . The head loss is calculated as:

H = hu +hl −2h0 (2.11)

where h0 = the height of the water level at v = 0 m/s, hu = the upper water level of the head

range, and hl = the lower water level of the head range.

In the same way as for a constant head, the head loss H is plotted against the velocity v20

for the specimens tested. The best-fit curve through the origin for each specimen is found. The

flow velocity for a head loss of 50 mm should be found.

2.3.4 Endurance and environmental

The question of endurance for geotextiles is central. Materials prone to the ravages of time will

degrade. It is of interest to know what causes this degradation, how sensitive the construction

is to this and how the materials may be tested with respect to endurance properties. Reduction

factors are introduced in the design of structures to handle this.
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It is known that most materials will creep. Creep is the permanent deformation that occurs

with time when the load and temperature is constant (Penny & Marriott 2012). Various creep

tests exists. In Europe, ISO 13431 Geotextiles and geotextile-related products — Determination of

tensile creep and creep rupture behaviour is the standard for determination of tensile creep. The

principle is quite simple; a test specimen is loaded with a constant static force under constant

temperature and humidity. The load is maintained for 1000 h. This is done for four load levels.

For each of them, the gauge length should be measured at time intervals from start until 1000

h is reached or should be measured continuously. The creep strain versus log time for each

specimen, for each creep load, is plotted and the creep coefficient may be determined.

R. M. Koerner (2012) and the American industry talks about abrasion whereas Europe talks

about durability. In Europe and Norway, weathering is handled in EN 12224 or NS 12224 Geotek-

stiler og geotekstilrelaterte produkter - Bestemmelse av motstand mot forvitring.

Resistance to damage during installation caused by granular material is tested in ISO 10722

Geosynthetics — Index test procedure for the evaluation of mechanical damage under repeated

loading — Damage caused by granular material (laboratory test method). The specimen is placed

between two layers of granular material. It is subjected to a dynamic loading for a period. The

specimen is then put to mechanical tests. The results for the damaged specimen is compared to

the results for an undamaged reference specimen. NorGeoSpec also test according to Annex G

in NorGeoSpec (2012).

Chemical resistance is treated in NS 12447 Geotekstiler og geotekstilrelaterte produkter — Ut-

silingsprøving for bestemmelse av motstand mot hydrolyse i vann and ISO 13438 Geosynthetics —

Screening test method for determining the resistance of geotextiles and geotextile-related products

to oxidation.

2.4 Green geotextiles

Jeon (2016) defines green geotextiles as follows: "Green geosynthetics are made of eco-environmental

biodegradable polymeric resins or natural materials that maintain their needed performance

such as durability, design strength, hydraulic property, etc., during the service period. Then,

after the service period they degrade leaving no harmful effects within the soil structure."

It is natural to think that the decomposition mechanisms are most important to control for
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long term purposes where these may affect the strength and therefore the safety of the con-

struction. For short term purposes, it is important in the way that they should not pollute the

environment.

The definition of Jeon (2016) includes polymeric resins as well as natural materials. The focus

in the definition is on the degradation process. In order to be acknowledged as a green geotextile

the production process also needs to be accounted for.

The production process for polymeric materials is obviously not sustainable. Hydrocarbons

from the petroleum industry form the basis of production. The estimated service life of the

product may to some degree compensate for this as it is relatively long. In this way, the products

don’t need to be changed as often as products with a shorter estimated service life which affects

the demand and production.

Natural based geotextiles naturally have other degradation mechanisms than synthetic. Gen-

erally they are less harmful when deteriorated. Jute for example is be biodegradable. This will be

the case for most plant and animal based natural materials. Mineral materials doesn’t have the

same mechanisms. The production processes may be energy consuming and polluting. This

must be included in the overall accounts.
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Geotextiles based on synthetic material

According to Elwood (2004), synthetic geotextiles account for more than 90 % of the market.

This is probably due to their low production cost and high potential for customization. From

1960 and further on, the use of synthetics have really increased, phasing out natural materials

as grass, flax, bamboo and jute (Hsuan et al. 2008).

3.1 Materials

Polyester (PET), polypropylene (PP), polyethylene (PE) and polyamide (PA) are the most used

materials according to Shukla & Yin (1987). R. M. Koerner (2012) says the same with the excep-

tion of PA. Table 3.1 shows the estimated percentages of the different materials in the market.

Table 3.1: Estimated percent in use for PP, PE and PET (Elwood 2004)

Geosynthetic Types of polymer Estimated percentage in use

Geotextiles

Polypropylene (PP) 90 %

Polyethylene (PE) 5 %

Polyester (PET) 5 %

The properties of different plastics may vary a lot. This is due to factors as polymer density,

melt flow rate, draw ratio, polymer additives etc. (Shukla & Yin 1987). The desired properties are

possible to obtain by variations of these factors.

25
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3.2 Typical material parameters for geosyntetics

General material characteristics for typical polymers used in geotextiles are given in Table 3.2.

They are given as low, medium or high as the values will vary a lot with different additives.

Table 3.2: Overview of properties for different plastic materials (Shukla & Yin 1987)

Availability and low costs is probably the reason why PP is most popular, as shown in Table

3.1. In addition, the material has excellent chemical and pH range resistance. It does not have

great UV-resistance originally, but with the use of additives and stabilizers it may get it. How-

ever it is not suited for reinforcement purposes, as it has fairly poor creep characteristics. For

separation and filtration purposes it is a cost-effective alternative.

Polyester is more suited for reinforcement purposes. The material has better creep charac-

teristics and higher tensile strength. Regarding degradation mechanisms, it is resistant to UV

and chemical degradation, with the exception of very alkaline environments.

Polyethylene comes in different molecular weights resulting in different densities. They are

named high-density PE (HDPE), medium-density PE (MDPE), linear low-density PE (LLDPE)

and low-density polymer (LDPE). HDPE is the most common in geotextile making.

The thickness varies between 0.25 mm to 7.5 mm for most geotextiles.

The tensile strength varies from material to material and for different production methods.

Generally, woven filaments have higher tensile strength. Figure 3.1 shows the tensile strength

for woven and non-woven PP geotextiles.
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Figure 3.1: Variation of tensile strength with mass per unit area for PP geotextiles (Ingold & Miller 1988)

Recommended applications for different types of polymers are listed in Table 3.3.

Table 3.3: Recommended applications for different types of polymers

Geosynthetic Type of polymer
Function

Separation Reinforcement Filtration

Geotextile

Polyester (PET) (Recommended) Recommended (Recommended)

Polypropylene (PP) Recommended Not recommended Recommended

Polyethylene (PE) Recommended Not recommended Recommended

Polyamid (PA) Recommended Not recommended Recommended

3.3 Advantages and challenges with geosynthetics

As synthetic materials are most popular it clearly have some advantages. One of the biggest is

the price compared to what it delivers. The petroleum industry is immense. With the growth of

the industry over the years the prices on petroleum products have decreased. At the same time,
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the r&d on geosynthetics has made it possible to improve mechanical properties due to new

production methods, assembly methods, design methods and other technological advances.

Synthetic products have environmental issues. There is a desire to scale down the petroleum

industry. And with this the production of polymers as well. The world is slowly changing from

energy and products based on oil and gas towards other renewable energy sources and sustain-

able products.

Even though polymer-based solutions for geotechnical engineering may have some environ-

mental constraints in that way, the alternative solutions may not be better. For instance, when

geotextiles are used for reinforcement purposes the alternative could have been solutions with

concrete or to remove unsuitable materials that are replaced with masses of the desired quality.

Both of these solutions will have a higher carbon footprint.

The environmental challenges are mainly related to two issues according to Müller & Saathoff

(2015); plastics in the environment, especially in the ocean, and emission of additives and their

degradation products from the polymeric material into the environment, which might be un-

healthy or may have some ecotoxic effects.

A problem regarding plastics in nature is to get data on how it is transported. It has been

estimated that 35.2 kilotonnes of plastic debris exists in the surface waters of the ocean (Cózar

et al. 2014). This is regarded as a conservative high estimate. Geosynthetics have most likely

contributed to this number. By how much is hard to say. This happens as geosythetics become

brittle with aging, so it is both an environmental and mechanical problem.

Cózar et al. (2014) states that a polypropylene nonwoven geotextile properly stabilized with

hindered amine antioxidants of high molecular weight, which is applied in an underwater con-

struction, where the supply of oxygen is limited and the temperature is constantly on a low level,

will last at least for one hundred years. However, the same product will fail within a few decades

if poor antioxidant packages are used.

The additives used in geosynthetics may be harmful to humans. This is mainly caused by

plasticizers as phthalates. Low phthalates are being phased out by most countries due to its’

health issues.
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Geotextiles based on natural material

The precursors of today’s geotextiles were based on natural fibers. Wood, bamboo, reeds and

skins have been used in conjunction with soils for thousands of years (Kennedy & Parveen 2007).

Natural materials are still in use today although synthetics rule the market. Especially in coun-

tries as India, Bangladesh, China and other Asian countries where the material grows it is com-

mon to use.

4.1 Materials

Desai and Kant separates natural fibers into plant based, animal based and mineral based as

shown in Figure 4.1 (Desai, Kant). Animal based fibers could be wool or silk. Mineral fibers

could be asbestos or basalt.

29
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Figure 4.1: Classification of natural textile fibers (Desai, Kant)

Plant fibers contains cellulose which is dominant for many of the properties. The plant fibers

can be subdivided into bast fibers, fruit fibers and leaf fibers, based on where on the plant they

are extracted.

Typical bast fibers are jute, hemp and flax. The fibers are extracted from the plant by a mi-

crobial process named retting. Both long fibers and short, coarser fibers are products of the

process. The long fibers are used in geotextiles, and can be used in both woven and non-woven

products. Jute and coir based products are dominating the commercial market. Geotextiles

made from jute and coir are shown in Figure 4.2.

Figure 4.2: Geotextiles made from jute (left) and coir (right) (H. Wu et al. 2020)

Coconut fiber is the most common fruit fiber. A retting process is also used to extract the

fibers from the coconut, after the skin or husk has been separated from the nut. Geotextiles

based on coconut husk is an emerging product for erosion control of soil slopes according to

Singh et al. (2006).

Leaf fibers are known to be harder and less flexible than bast fibers. They are extracted form

leaves, but not by a retting process. The process to obtain fibers from leafs is called decortica-
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tion. It involves scraping pulp form the fibers by a knife in a mechanical or manual matter.

4.2 Typical material parameters for geotextiles based on natural material

Natural fibers, especially plant based, are preferred in constructions where their application is

only short term. Typical service life is 6 months to 10 years (Kennedy & Parveen 2007). Their

biodegradability is one of the most important aspects then.

The most important constituents for plant based natural fibers are cellulose, lignin, hemicel-

lulose and pectin. Typical values for jute and coir are given i Table 4.1 (Desai, Kant):

Table 4.1: Chemical composition of jute and coir in percentage by weight (Desai, Kant)

Fiber Cellulose [%] Lignin [%] Hemicellulose [%] Pectin [%]

Jute 58-63 12-14 21-25 0.5-1.5

Coir 43.44 45.84 0.25 3.3

The composition of these in the used fibers are important for their properties. Regarding

lifespan for the product, the quantity of cellulose and lignin plays an important role. The ex-

pected service life for jute is one year if it is not treated, two years if treated with rot-resistant

agents and four years when treated with bitumen (Desai & Kant 2016). Shukla (2002) states that

jute geotextiles will degrade completely in two years. Lignin and hemicellulose controls degra-

dation caused by UV or biologic material, thermoplasticity, moisture sensitivity and flammabil-

ity. An overview of the properties of these fibers are given in Table 4.2:

Table 4.2: Properties of jute and coir (Desai, Kant)

Property Jute Coir

Density [g /cm3] 1.46 1.2-1.4

Fineness, denier 13-30 162-450

Length [cm] 150-360 5-20

Colour Brown Dark brown

Volume swelling in water [%] 44.5 -

Moisture absorption at 65 % RH [%] 13.8 10.5

Tensile strength [MPa] 393-773 100-220

Tensile modulus [GPa] 26.5 3-10

Elongation at break [%] 1.5-1.8 15-30
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4.3 Advantages and challenges with geotextiles based on natural material

The most important challenges for natural based geotextiles is the tensile strength and degra-

dation properties. As Desai and Kant states; "The short life of natural geotextiles is a matter of

concern for end users but their eco-compatability gives them an edge over man-made geotex-

tiles" (Desai and Kant).

Whether the short service life is a disadvantage or not is totally dependent on the use of

the product. If the intended use is for reinforcement it is challenge. If the intended use is for

filtration and separation it may not be.

Microorganisms in soil combined with water makes the natural fibers degrade. Jute fibers

have a shorter expected service life than coir due to their content of lignin. The products can

be treated with protective coatings to slow down the process. If this is done, the service life

will be extended and the products can be used in short- and medium-term applications, typical

reinforcement applications for roads. Another alternative is to make a blend of natural fibers

and synthetic fibers. This will improve the durability and extend the field of application. It is

common for jute products to be treated with bitumen or rot-resistant chemicals as mentioned.

For the coconut based products, studies has been carried out by Singh et al. (2006). Tensile

tests of four types of biodegraded woven geotextiles were carried out. It was found that the

products remained unaffected in water and clay after six months. In an aerobically decomposed

manure environment the tensile strength of the products was considerably reduced.

Plant based fibers are often produced in developing countries. A lot of individuals are em-

ployed in that way. Some of the natural fibers, as coconut husk, may be a residual product. To

take this into use will be a step in a sustainable direction. Depending on where in the world the

products are produced, transportation and production may be a challenge.

There is a number of benefits in using natural geotextiles. The main challenge is whether or

not they reach the required properties.
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Geotextiles based on basalt

There is not done much work on basalt geotextiles. A study on how fibers of different lengths

mixed with silt behaves in unconsolidated undrained triaxial tests has been carried out but

doesn’t have much transfer value to basalt geotextiles (Ndepete & Sert 2016). Some products

can be found online on manufacturers websites. However they don’t provide the strength prop-

erties of the products.

Basalt fiber may solve the degradation and strength problems of other natural fibers. The

idea of extruding fibers from basalt came from Paul Dhé. He was granted a patent in 1923 for

this. Around 1960, both the US and Soviet began to study the use of basalt fibers, especially for

military purposes. The material has good strength properties and fire properties. However the

US manufacturers chose to improve the performance of glass fibers and other fibers that they

already produced instead of basalt fiber (Ross 2006). Countries in Eastern Europe continued the

research on basalt. Today most of the production and research is done in these countries. How-

ever China has a production, as well as Texas and Belgium (Ross 2006). In Norway the company

ReforceTech has some products based on basalt. They are mainly products for reinforcement of

concrete. They also have a geogrid based on basalt but there is hardly any information available

on it.

In other industries it is more used. It is used by the boat industry instead of glass fiber, in

the building industry as reinforcement fibers in concrete, in industries where its’ fire properties

come to use as in the automotive industry and in the medical industry, to name a few.
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5.1 Production

Basalt is a dark, fine-grained lava rock that mainly consists of calcium-rich feldspar (plagioclase)

and pyroxene (augite). Smaller amounts of olivine or quartz may also occur (Faggruppe for

geoteknikk NTNU 2018). It is the earth’s most widespread day rock.

It is such a melt that flows out along the large volcanic mountain ranges on the seabed. Our

seabed thus consists of a large part of basalt. When the Oslo field burst almost 300 million years

ago, basaltic lava came to the surface. That is why the Oslo area is rich in basalt rock (Neumann

et al. 1992).

As it is one of the most common surface rocks it should be a large yet relatively untapped

resource. It should also be relatively easy to find. This can be a good starting point for fiber

production.

Figure 5.1: Simple scheme of basalt production (Singha 2012)

The production process is simply explained in Figure 5.1. The steps in the process are: 1)

Stone is crushed and put in a silo, 2) loading station, 3) transport system, 4) batch charging

station, 5) initial melt zone, 6) secondary controlled heat zone, 7) filament forming, 8) sizing

applicator, 9) strand formation, 10) fiber tensioning, and 11) winding.

Fibers or strands may be used in the products. Rebars have been made and used in concrete

technology. Ropes can be made as well which makes it possible to make quite strong products.

In Figure 5.2 a rope of 5 mm made from basalt is shown.
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Figure 5.2: The structure of a rope of 5 mm made from basalt (Quagliarini et al. 2012)

Figure 5.3 shows a geotextile made from basalt.

Figure 5.3: Geotextile made from basalt (Kumbhar 2014)

5.2 Typical material parameters

As a construction material, basalt finds itself among glass, carbon and aramid fibers (Quagliarini

et al. 2012; Kumbhar 2014; Ross 2006).

A comparism on mechanical properties for basalt fibers compared to polyamide, jute and

coir is given in Table 5.1 based on existing literature (Ross 2006; Jamshaid & Mishra 2016; Singha

2012; Dhand et al. 2015; Kumbhar 2014).

Table 5.1: Mechanical properties of basalt compared to polyamide, jute and coir

Parameter Basalt Polyamide Jute Coir

Tensile strength [MPa] 3000-4840 2900-3450 393-773 100-220

Elastic modulus [GPa] 79.3-93.1 70-140 26.5 3-10

Elongation at breakage [%] 3.1-6 2.8-3.6 1.5-1.8 15-30

Specific gravity [] 2.65-2.8 1.44 1.29 -
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Although it may not be the most interesting property of basalt for geotechnical engineering,

it has excellent thermal resistance (Kumbhar 2014). In some applications it may be important.

If the material in the future will be used in road applications and needs to withstand high tem-

peratures from asphalt it will come to use.

Basalt has been in nature for thousands of years. It has excellent chemical resistance. It can

withstand alkaline environments with pH up to 13 or 14 or environments with low pH. It is not

sensitive to salts. The material is not reactive with water, air or gases (Kumbhar 2014).

As the material has a large specific gravity it means it is quite dense. About 1 % moisture

content is normal, meaning it is not porous. This property is of interest when we want to asses

the hydraulic properties. It also causes fungi and micro-organisms not to thrive in the basalt

environment. This may be of interest for clogging.

5.3 Advantages and challenges with basalt

As the deposits of basalt are large the material is relatively inexpensive. This makes a good foun-

dation to make the basalt industry grow.

Another advantage is that it is a raw material. There are no known health issues related to

the material. This point needs extensive research. At first it was not thought that asbestos was

dangerous either, but it turned out to be completely wrong. Mechanical decomposition seems

to be of higher importance than chemical as it is not considered as reactive. It is not organic

and will not degrade like jute or coir that has a relative short service life. Nor will it degrade like

synthetics.

A proper investment in the material is needed to make the industry grow. This could have

happened in the 60s and 70s if there was a will. The basalt industry could have looked quite

different today if that was the case. Such an investment is both time- and asset-consuming.

A clear advantage for the material is its’ sustainable nature. It is relatively easy to obtain and

there is a lot of it on earth. It doesn’t put anything into nature that wasn’t there from before

and in that way it should not harm the ecosystems. Most likely it will act like soils do when it is

decomposed and put into the cycle of nature again.



Chapter 6

Summary and Recommendations for

Further Work

6.1 Summary and Conclusions

This literature study has examined the current use of geotextiles in geotechnical engineering.

Out of all the possible uses it has been paid a special attention to products used for reinforce-

ment and erosion control purposes. Basic aspects on these uses has been found, as how the

forces are transmitted from soil to textile in reinforcement functions and basic calculations on

hydraulic properties. Various standards and test methods exists. The European ones have been

examined and some of them briefly explained.

A lot of attention has been paid to the materials that are used in geotextiles. Most products

are made from synthetic materials. Natural materials exists. Jute and coir have been the most

common ones and they have been around for a long time. Mechanical parameters for these

materials have been investigated. Eventually basalt has been assessed. It is found that basalt

has strength properties much like classical composite materials as glass, carbon and aramid. It

has better mechanical properties for reinforcement purposes compared to organic materials.

The decomposition of basalt is more like synthetic materials than organic. It will break into

fragments and it will stay in the ecosystem which is also the case for synthetics. Organic material

will degrade within a few years unless they are treated. In the ecosystem basalt and synthetics

do not act the same. Basalt is natural and will not interfere the balance of nature. Synthetics

will, and they do.
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Based on all literature read it is believed that basalt geotextiles will be a suitable product for

both reinforcement and erosion control purposes. This will most likely be further investigated

in a master’s thesis.

6.2 Recommendations for Further Work

As the use of basalt fibers in geotextiles is an immature technology, extensive research should

be done to understand its’ pros and cons.

The behaviour of the basalt based geotextile is fairly unknown. To understand its’ failure

mechanisms and particular behaviour, tests have to be done. The tests and specifications are

already made and are discussed in Chapter 2.3. The job is to put all the existing products to test

to gain knowledge and data.

Laboratory tests give valuable data on material behaviour but they doesn’t always capture all

necessary information on how it will act in real life situations. Full scale models with different

research purposes should be built to understand this. When the material is taken in use in real

life applications, it would be valuable to get test data from these projects. The more quality data,

the better understanding.

There is also uncertainties regarding what will happen to the basalt fibers as the fabric de-

composes. Does it act like plastic does, and if so, where will the fibers end up in the ecosystem?

How will the material chip up? It is not guaranteed that basalt is better for the environment and

ecosystems in that manner. It is recommended to do research on this.
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