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ABSTRACT

The Swedish Transport Administration is currently changing their procurement
standards from traditional contracts to design-build contracts. As an effect of this, the
contractor will bare a greater monetary risk. In a road or railway project, it is of high
priority for the contractor to know the properties of the material available at site. In
some current and past Swedish Transport Administration projects it has shown that
expected rock quality was not met. The rock material that in the technical
specification qualified as good quality rock to be used as base course was after
blasting and crushing below the quality limit. The geological properties of rock are
determined by gathering samples by either drilling rock cores or collecting material
with a sledgehammer. The Los Angeles test determines the rocks resistance to
fragmentation and must be below 40 for base course.

The purpose of the report is to evaluate the changes in LA-coefficient from in situ
conditions to blasted and crushed rock. The investigation focus on how the rock
material is affected by blasting and crushing and to which extent. Furthermore, the
study evaluates the process of gathering geological information on beforehand for a
road construction. The project aims to find indicators when attention needs to be
drawn to the rock quality versus the possible use of the material in a road
construction.

To carry out the LA-tests, rock samples have been collected from four different
locations in the southern part of Sweden. The result showed that rock cores yields a
lower LA-coefficient than cobbles and base course for all locations. It also showed
that flaky material most often had a large impact on the LA-coefficient.

The conclusion of the report is that the LA-coefficient obtained from rock cores
cannot be equated with the LA-coefficient for the same material after blasting and
crushing. Attention should be drawn to LA-coefficients around 30 for rock cores, to
be certain not to exceed the limit of 40 for base course.

Key words: Los Angeles, mechanical tests, rock core, base course, cobbles, flakiness
index, crushed rock, blasting



Forandring av bergkvalité i vagprojekt fran forundersokning till krossat material
En jamforelse av Los Angeles-tal mellan borrkérna och barlager
Examensarbete inom Infrastructure and Environmental Engineering
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SAMMANFATTNING

Trafikverkets ambition ar att 6ka andelen totalentreprenader och entreprenader med
funktionsansvar de kommande aren och med det kommer branschens entreprendrer
ges nya mojligheter med ansvar. | vag- och jarnvagsprojekt ar det av stor betydelse att
kanna till egenskaperna av materialet pa plats. Det har visat sig i nuvarande och
tidigare Trafikverket projekt att forvantad bergkvalitet ej har uppnatts pa plats.
Material som enligt forundersokningen klarade kraven for barlager var efter
sprangning och krossning pa fel sida kravgransen. De geologiska egenskaperna hos
berg bestdms genom att ta ut borrkarnor eller ta prover med slagghammare. Los
Angeles testet bestammer motstand mot fragmentering och skall enligt Trafikverket
vara under 40 for bérlager.

Syftet med rapporten &r att undersoka skillnader i LA-tal fran in situ forhallanden till
sprangt och krossat berg. Undersokningen fokuserar pa hur berget paverkas av
sprangning och krossning och till vilken grad. Studien utvdrderar metoden for
insamling av geologisk data for en forundersokning. Projektets mal ar att hitta
indikatorer pa nar uppmarksamhet bor riktas mot bergkvalitet och dess lamplighet att
anvéndas i en vagkonstruktion.

For att genomfora LA-tester har bergmaterial insamlats fran fyra olika platser i sodra
Sverige. Resultat fran undersokningen visar att borrkarnor ger ett betydligt lagre LA-
tal an stenar och bérlager pa alla platser. Vidare pavisar undersokningen att flisigt
material har en stor paverkan pa LA-talet.

Rapportens slutsats ar att LA-tal fran borrkarnor inte kan likstallas med LA-tal for
samma material efter att det har genomgatt sprangning och krossning.
Uppmaérksamhet bor riktas mot LA-tal kring 30 for borrkarnor for att vara séker pa att
inte Overstiga kravet pa 40 for barlager.

Nyckelord: Los Angeles, mekaniska tester, borrkdrna, barlager, sten, flisighetsindex,
krossat berg, sprangning
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blasting, crushing, sieving etc., which in turn affect the induced damages and grain
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Nordic ball mill-coefficient

Largest grain size

Smallest grain size

Young’s modulus

Spacing distance

Flakiness index

Surface energy per unit area that is required to create the crack surface
Bench height

Los Angeles-coefficient

Original dry mass

Dry mass of material larger than 2 mm after abrasion
Micro-Deval-coefficient

Mass of remaining material on sieve 1,6 mm
Original sample mass

Material-specific constant

Burden distance

Pore volume in percent

Dimension of limiting flaw

Actual compressive strength

Compressive strength of the material without porosity
Material-specific constant

Pre-dried particle density

Critical tensile stress



Abbreviations

ATB General technical description (Allmén teknisk beskrivning)

BC Base course

DB Design-build

DBM Design-build-maintain

CSS Closed side setting

Fl Flakiness index

KBH Core bore hole (Karnborrhal)

LA Los Angeles

MD Micro-Deval

OCC Open side setting

RC Rock core

Skanska Skanska Sverige AB/Skanska Asfalt och Betong AB

VTC Road engineering centre (Végtekniskt Centrum)

Glossary

Aggregate impact value - Sprodhetstal

Bench face - Pallfront

Burden distance - Forsattning

Cobble - Sten i fraktionen 64 till 256 mm

Decoupling - Frikoppling

Equigranular rock - Magmatisk bergart med mineralkorn av samma
storlek

Gyratory crusher - Spindelkross

Homeoblastic rock - Metamorf bergart med mineralkorn av samma
storlek

Mica - Glimmer

Nordic ball mill - Kulkvarn

Spacing distance - Halavstand

Subdrilling - Underborrning

Swedish abrasion value - Slipvardesmetoden
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1 INTRODUCTION

The Swedish Transport Administration has an ambition of changing their standard
contract form from traditional contracts to design-build (DB) contracts and design-
build-maintain (DBM) contracts (SOU, 2012). For contracts ranging from 25 million
SEK to 500 million SEK the amount of DB contracts are to be increased from 20% in
2012 to 40% in 2014. At 2018, the goal is to have a steady rate of approximately 50%
of the contracts as DB or DBM. By changing toward DB contracts, Swedish Transport
Administration is handing over the interpretation of the pre-study data and design to
the contractor. DB contracts offer more flexibility to the contractor to build more
innovate and thus lowering the cost by finding smarter solutions and building
techniques, while bearing a greater risk.

In a road or railway construction project, it is of high priority for the contractor to
know the properties of the materials available at site. During the tendering process,
economic benefits for the contractor and client can be identified if the material
excavated at site can be used during the construction. The ambition of Swedish
Transport Administration to change the contract form to DB and DBM means the
contractor is responsible for interpreting the material at site. This gives the contractor
a greater liberty and a possibility of more effectively using the resources at site,
leading to lower costs and a reduced impact on the environment. When the contractor
owns the responsibility for the evaluation of materials, possibilities for earning and
risks of losing money will be created for the contractor.

1.1 Background

As of today, traditional contracts are the most common type of contract (SOU, 2012).
If traditional contracts are used, Swedish Transport Administration is responsible to
provide the contractor with geological information. In some current and past Swedish
Transport Administration projects it has shown that expected rock quality was not
met'. The rock material that in the technical specification qualified as good quality
rock to be used as base course was after blasting and crushing below the quality limit
and did not meet the criteria for base course.

The geological properties of the rock are determined by gathering samples by either
drilling rock cores or collecting material with sledgehammer?. The samples are
thereafter tested at a laboratory regarding resistance to fragmentation, strength and
geometry, amongst other properties evaluated. The Los Angeles (LA) test determines
the rocks resistance to fragmentation and is a standard test method for aggregates. It
has shown that LA-test result for sampled rock not always is consistent with the LA-
test result obtained after blasting and crushing.

Therefore, due to the uncertainties regarding expected rock quality at site, more
knowledge of how the LA-test result changes due to blasting and crushing must be
obtained. Knowledge of the geology is crucial for the contractor to carry the risk they
will be given in a design-build and design-build-maintain contract.

! Akeson, Urban; Trafikverket. 2014. Start meeting January 27"
2 -
Ibid.
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1.2 Purpose

This thesis evaluates the changes in the LA-coefficient from in situ conditions to
blasted and crushed rock. The investigation focus on how the rock material is affected
by crushing and blasting and to which extent. Furthermore, the process of gathering
mechanical properties of the rock on beforehand for a road construction is evaluated.

The purpose of the project is to find indicators when attention needs to be drawn to
the rock quality versus the possible use of the material in a road construction. The
thesis targets the following research questions:

- Do differences occur between expected and received LA-coefficient?
- Does the grain shape affect the resistance to fragmentation?

1.3 Hypothesis

The test results from the investigation are believed to show that the crushing
resistance is lowered after blasting and crushing of the rock. It is also likely that base
course samples will show a poorer Los Angeles-coefficient than cobbles. In which
extent the crushing resistance is lowered is hard to determine on beforehand. The
flakiness of the samples is expected to affect the overall resistance to fragmentation,
with a flaky material having poorer technical qualities.

1.4 Method

To gain knowledge of how the crushing resistance changes from in situ conditions to
blasted and crushed rock, mechanical tests are carried out at four different locations
with different rock types. Drilled cores are taken from the four locations and are
thereafter tested for crushing resistance by the LA-method in the VTC laboratory in
Gunnilse, according to standard testing methods. After the rock cores have been
drilled, the rock is blasted and thereafter crushed according to normal procedure at
site. Thereafter, the crushed material is tested for crushing resistance by the LA-
method. The blasted and crushed rock is both base course (0 to 32 mm) and cobbles
(64 to 256 mm). The cobbles correspond to sledgehammer samples, although that they
are blasted. The samples are analysed and compared to the rock cores in order to
identify possible indicators that affect the crushing resistance.

Four locations have been chosen to be investigated;

Ale Quarry. Gneiss. Skanska

Angered Quarry. Gneiss. Skanska

Tanum road project E6. Bohus granite and gneiss. Skanska
- Forserum Quarry. Dolerite. Skanska

The effect of the geometry of the grains is analysed by investigating the flakiness
index on all rock samples. To further evaluate the quality properties and to justify the
LA-test result, Micro-Deval tests has been carried out on selected samples.

1.5 Limitations

The project does only involve rock material from four locations. Therefore, the results
only apply to these locations and places with similar geological conditions. Only two
in-situ samples from each location are evaluated and compared with blasted and

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38



crushed material. For Tanum, three in-situ rock samples are collected. The flakiness
index has been measured by a method that has been created especially for this thesis
and is not the standard procedure for measuring flakiness index.

1.6 Disposition

Chapter 2 is initiated by providing a presentation of relevant theory. Mechanical tests
are described, followed by a brief description of blasting and crushing. Thereafter,
factors that affect rock properties will be presented.

Chapter 3 describes the locations chosen for this study from a geological perspective
in a case study. The regional geology is presented followed by a closer description of
the local geology at Ale, Angered, Tanum and Forserum respectively. Last, a
presentation of the rock core mapping is made.

Chapter 4 presents the methodology. First, the method for rock core drilling is
explained followed by the blasting process. The method for preparation of rock
samples, including crushing and sieving is then described. Last, the method for tests
with Los Angeles, Micro-Deval and modified flakiness index tests is described.

Chapter 5 shows the results from the Los Angeles and the Micro-Deval tests.
Furthermore, the results from the modified flakiness index test are presented.

Chapter 6 analyses the results by comparing the result with different properties of the
material, such as flakiness and location. Furthermore, different relations are plotted to
see if any correlations can be found.

Chapter 7 provides a discussion regarding the methodology, the result and the
analysis. Additionally, sources of errors and suggestions of further studies are
discussed.

Chapter 8 answers the purpose, the research questions and summarizes the findings in
a conclusion.

References are given in Chapter 9 followed by the appendices.

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38



2 THEORY AND LITERATURE REVIEW

Chapter two deals firstly with a theory review on mechanical test on aggregates
including Los Angeles-, Micro-Deval- and Nordic ball mill tests. Further, test on
geometric properties with Flakiness index are described. A theory review regarding
blasting and crushing will be presented followed by information about factors that
affect rock properties. Nordic ball mill tests are included in the literature review
because its relationship with Micro-Deval is very strong.

2.1  Mechanical tests on aggregates

A road pavement consists of multiple layers, bound (bituminous) and unbound, see
Figure 2.1. The layers distribute the load from traffic and the stress and strain are
reduced with depth (Saarenketo & Scullion, 2000). Depending on the traffic volume
and the layer referred to, the quality requirements for aggregates varies (SGU, 2006).

Bituminous base course

Unbound base course —

Subbase —

Protection course —

Subgrade

Figure 2.1 Schematic picture of a road pavement, modified (Vagverket, 2004).

Mechanical analysis of aggregates such as Los Angeles-, Micro-Deval- and Nordic
ball mill- tests are the most commonly used quality tests in Sweden (Hellman, et al.,
2013). The aggregate impact value were until 2004 the method used for determining
the resistance to fragmentation in Sweden (Viman & Broms, 2005). In conjunction
with the coordination of standards for Europe, the impact value was replaced by the
Los Angeles testing method. The Nordic ball mill method is from 2004 replaced by
the Micro-Deval method for determining the resistance to wear on aggregates, except
for tests on the wearing course (Viman & Broms, 2005). The two tests have similar
testing procedures, but a difference is the missing shelves in the Micro-Deval drum
compared to the drum in the Nordic ball mill test.

The different layers are tested with different combinations of the above mentioned
mechanical analyses on aggregates. Tests on bituminous bound layers include Micro-
Deval-, Los Angeles- and Nordic ball mill tests on aggregates (Trafikverket, 2011b).
The unbound base course is tested with Micro-Deval- and Los Angeles tests and the
subbase is tested with the Micro-Deval test (Trafikverket, 2011a). Additionally tests
measuring for example flakiness index and crushed surface ratio among others are
also a part of the requirement Swedish Transport Administration impose on
aggregates.

2.1.1 Los Angeles test SS-EN 1097-2

The Los Angeles test was developed in Los Angeles in 1916 (Stenlid, 1996). It
became a standardized method in the US in 1939 and came to Europe after the Second
World War. Differences in equipment together with differences in evaluation methods
were observed when the method was introduced in the European countries. A
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European Standard for Los Angeles test and evaluation has since then been
established and adapted in Sweden. It was introduced in ATB VAG in 2004 and is
referred to as SS-EN 1097-2 (Swedish Standards Institute, 2014a; Viman & Broms,
2005).

The Los Angeles test was developed to determine the resistance to fragmentation. It is
an important parameter to measure because the aggregates must be able to resist
crushing, wearing and abrasion during construction and tolerate load from traffic
without breaking (SGU, 2010a).

In Figure 2.2 an explanatory image of a Los Angeles machine can be seen. The test
equipment consists of:

- A large drum (cylinder) with a shelf
- Steel balls (11 spherical balls, 400-445 grams each)
- Sample of rock material (5000 g)

Los Angeles machine

access cover .
revolution

counter

cylinder

~

tray to catch
sample after test

"#.__ charge of 11 No.
47mm steel balls

Figure 2.2 Los Angeles-drum (Northstone, n.d.).

To test rock samples with the Los Angeles-method it needs to be crushed and sieved
to receive a 10-14 mm fraction for analyse in a LA-drum (Swedish Standards
Institute, 2010). The 10-14 mm fraction consists of two fractions, 10-11,2 mm and
11,2-14 mm. The weight proportion of 11,2-14 mm and 10-11,2 mm must be between
60:40 and 70:30 with a total weight of 5000 gram.

The material is washed and dried in an oven before the steel balls and the material is
added to the drum. The material is lifted with the shelf and then falls freely in 500
revolutions in the LA-drum. The material is then washed, sieved and dried. The
material larger than 1,6 mm is weighted.

The proportion of material smaller than 1,6 mm generated by the drum define the LA-
coefficient and is calculated as shown in Equation (1) (Pavement Interactive, 2011).

L, = (M"”Qi"“’_Mf i”‘”) x 100, where (1)

Moriginal

Myyrigina: 1S the original sample mass (5000 gram) and Mgy, is the remaining mass
of material in sieve 1,6 mm measured in gram. A high LA-coefficient corresponds to
low resistance to fragmentation i.e. poor technical qualities.
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2.1.2 LA-limits for a road

According to Trafikverket (2011a) the resistance to fragmentation with the Los
Angeles method cannot exceed 40 for aggregates in the unbound base layer. The limit
has been set by the Swedish Transport Administration based on empirical tests and
experience®. For declared material at least one control of LA-coefficient per project
and quarry or per 40 000 m? must be performed (Trafikverket, 2011a). Undeclared
material is controlled once per 10 000 m? or once per project and quarry.

The wearing course must be able to withstand higher loads than the base course and
the subbase. Therefore, the LA-coefficient limit for aggregates in bound layers is
maximum 25 (Trafikverket, 2011b).

2.1.3 Micro-Deval SS-EN 1097-1

The Micro-Deval method was developed in France in the 1960s to determine the
resistance to wear (Stenlid, 2000). It was introduced in ATB VAG in 2004 and the
standard for the testing procedure is referred to as SS-EN 1097-1 (Viman & Broms,
2005). The testing equipment consists of a cylinder, steel balls (5kg), water (2,5kg)
and the rock sample (500g). A Micro-Deval machine can be seen in Figure 2.3.

Figure 2.3 The Micro-Deval testing machine with four cylinders (Jet Materials, 2014).

Particles with 10-14 mm size fraction are needed to determine the Micro-Deval-
coefficient (Swedish Standards Institute, 2011). In similarity with the Los Angeles
test, the weight proportion of 11,2-14 mm and 10-11,2 mm must be between 60:40
and 70:30. The total mass of each sample shall be 500 gram.

A washed and dried sample is placed in a drum along with 5000 grams of steel balls
and 2,5 litre of water. The test procedure includes 12 000 revolutions in the drum. The
sample is then washed, dried and sieved in a 1,6 mm sieve.

The proportion of generated material smaller than 1,6 mm define the Micro-Deval-
coefficient and can be calculated using Equation (2).

MDE _ (Moriginal—Mfinal> x 100, where (2)
Moriginal

Moyrigina 18 the original sample mass (500 gram) and Mgy is the remaining mass of

material in sieve 1,6 mm measured in gram. A high Micro-Deval-coefficient

corresponds to low resistance to wear, i.e. poor technical qualities.

® Akeson, Urban; Trafikverket. 2014. Start meeting January 27"
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2.1.4 Micro-Deval limits for a road

The limits for Micro-Deval coefficient, i.e. resistance to wear, are 20 both for
aggregates in the subbase and in the base course (Trafikverket, 2011a). If the road is
not trafficked during the construction, a coefficient of maximum 25 is allowed for the
base course. The Micro-Deval-coefficient for declared material needs to be controlled
once per 30 000 m? or at least two times per project and quarry. Undeclared material
is controlled once per 10 000 m?or once per project and quarry.

In the bound layers the maximum value of the Micro-Deval coefficient is 15 due to
the higher loads it needs to carry compared to the unbound layers (Trafikverket,
2011b).

2.1.5 Nordic ball mill SS-EN 1097-9

The Nordic ball mill test determines the resistance to wear by abrasion from studded
tires (Swedish Standards Institute, 2014b). The test used previously, Swedish abrasion
value, was replaced by Nordic test values after its introduction in VAG 94 (Stenlid,
2000).

The Nordic test sample shall consist of 35+1 % of fraction 14-16 mm and 65+1 % of
fraction 11,2-14 mm (Swedish Standards Institute, 2014b). The original dry mass is
defined as in Equation (3) and to calculate the Nordic abrasion value Equation (4) can
be used.

M; = _102(,):;)10 +5 (3)
Ay =100 (M, - Mz)/Ml, where (4)

M, is the original dry mass of the sample in grams and M, is the dry mass of material
greater than 2 mm, obtained after abrasion, in grams. p,, is the pre-dried particle
density in Mg/m®. A high Nordic abrasion value corresponds to low resistance to wear
by abrasion from studded tires, i.e. poor technical qualities.

The Nordic method is similar to the Micro-Deval method but is only used for tests on
aggregates in wearing courses (Viman & Broms, 2005). However, the relationship
between Nordic ball mill tests and Micro-Deval tests is strong and a correlation
coefficient of 0.97 can be obtained, see Figure 2.4 (Stenlid, 2000).
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Figure 2.4 Relationship between Micro-Deval and Nordic ball mill tests (Stenlid, 2000).
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2.2 Flakiness index

The flakiness index is a parameter for measuring the geometry of aggregates (Viman
& Broms, 2005). The grain shape of aggregates is determined by the flakiness index
and expresses the relationship between the width and the thickness of the grains.
There are demands on uniform dimensions of aggregates because a high proportion of
flaky aggregates degrade the bearing capacity of the road structure (SGU, 2006).

To receive the flakiness index, the flaky particles are separated from the sample
fraction d-D (for example 10-16 mm), obtained with a sieve with square mesh. The
fraction d-D is screened in a sieve with grids with a distance of D/2 (Viman & Broms,
2005). The flakiness index (FI) is expressed as the mass of the flaky particles as a
percentage of the total sample mass, see Figure 2.5 (Humboldt, 2009). The red line
represents the grain size and the blue line represents the thickness of the grains. The
flakiness index is further presented by Equation (5).

FI =100 x (Z—:) where (5)

M, is the mass of the sample and M, is the mass of the flaky particles that have passed
through a grid sieve with a grid distance of D/2, measured in grams.
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Figure 2.5 Definition of flakiness index, FI. The red line represents the grain sizes with square

mesh and the blue line represents the thickness of the grains with grid sieving,
modified (Viman & Broms, 2005).

A grid sieve and a sieve with square mesh can be seen in Figure 2.6. Grid sieves are
used for determination of flakiness index and sieves with square mesh are used for
determination of for example the grain size distribution.
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Figure 2.6 Grid sieve used for determination of flakiness index to the left and a square mesh
sieve to the right (Haver & Boecker, 2014; Chinawire-mesh, 2014).

High loads and heavy traffic on roads can make weak flaky aggregates to break (SGU,
2006). It is therefore favourably to have a low flakiness index to maintain the bearing
capacity of the road.

Rock type and crushing technique affects the geometric properties of the aggregates
i.e. the flakiness index (SGU, 2006). A more foliated rock will result in more flaky
aggregates®. A rising amount of flaky aggregates i.e. a higher flakiness index give an
increasing LA-coefficient (poorer technical qualities) (Stenlid, 2002). Conversely, a
higher number of crushing steps and edge abrasion will lower the amount of flaky
aggregates and increase the quality.

2.3 Blasting

Aggregates are natural sand and gravel or crushed rock produced by blasting, either in
a quarry, when excavating a tunnel or rock cuttings. The proportion of natural sand
and gravel is decreasing, and the use of crushed rock corresponds to over 80 percent
of the aggregate used today (SGU, 2014). Over half of the production of aggregates is
used in road construction.

There are different approaches of blasting in tunnels, quarries and cuttings. Quarries
apply bench blasting, which means that there are two free surfaces. In tunnel blasting,
there is only one free surface for blasting (Bergsaker AB, 2009). Another difference
between bench blasting and tunnel blasting is that the explosive consumption is higher
for tunnel blasting than for bench blasting, because of the higher stresses in the rock
beneath the surface. In rock cuttings, a type of bench blasting called contour blasting
is applied (Olsson, et al., 2014).

In road construction blasting, it is important to keep the remaining rock as intact as
possible (Olsson, et al., 2014). At the same time it is important to receive good rock
fragmentation. Although, Jern (2001), Hellman et al (2011) and Loorents (2006)
states that blasting creates micro cracks and reduces the overall rock strength. Blast
damage can hence be described as micro crack growth (Jern, 2004).

The blasting procedure can be divided into two main steps; the stress wave and the
gas expansion (Jern, 2004). The stress wave initiates new cracks in the rock and the
gas expansion propagates and expands existing cracks. The damaged zone due to
blasting, with higher frequency of fractures, can amount in several meters but is
dependent on the geology at site (Jern, 2001). The crack propagation is also
influenced by several blast-technical aspects such as type of explosive, charge

* Akeson, Urban; Trafikverket. 2014. E-mail conversation April 14™.
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concentration, degree of coupling, burden and spacing distance, initiation time and
water in boreholes (Olsson, et al., 2014). Blast parameters and bench geometry can be
seen in Figure 2.7.

Coluﬁn Charge
V1 = Burden distance

— o wTheontcatsoom B = Spacing distance

= = = | [Bottom Charge| [~
| 1 I Subdrilling K = Bench height

Figure 2.7 Illustrative figure over bench blasting geometry and parameters (Helal, 2011).

2.4 Crushing

The rock fragmentation and the properties of the rock are affected by the blast and
crushing procedure (Stenlid, 1996). The number of crushing steps and kind of crusher
affects the resistance to fragmentation and the grain shape. This results in a reduced
flakiness index when the number of crushing steps increases (Réisanen, et al., 2006).

There are mainly two kinds of crushers present in the quarry and laboratory
environment®; jaw crusher and cone crusher. The difference between the crushers is
according to Evertsson® that the jaw crusher causes cracks between the points of
contact and an unfavourable grain shape while the cone crusher crushes aggregates
“stone against stone” and creates smoother edges. Schematic images of a jaw crusher
and a cone crusher can be seen in Figure 2.8.

Figure 2.8 Jaw crusher to the left and cone crusher to the right
(Pennsylvania Crusher, 2014; Aggregate Design Corporation, 2014).

® Evertsson, Magnus; Professor in Machine Elements, Chalmers University of Technology. 2014.
Meeting April 16"
® Ibid.
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The principle of a jaw crusher is that one moveable and one stationary jaw crush the
material by compression (Pennsylvania Crusher, 2014). In a cone crusher, two conical
surfaces, a lower mantle moving in a rotary pattern and concave liners above, crush
the material (Aggregate Design Corporation, 2014).

In quarries, it is common to have a jaw crusher as primary crusher and cone crushers
as secondary and tertiary crushers (Aggregate Design Corporation, 2014). Gyratory
crushers can also be present in quarries. A gyratory crusher is closely related to the
cone crusher’. It is mainly used as a primary crusher where it can replace the jaw
crusher due to its larger capacity. Alternatively, the gyratory crusher can be used in
the secondary crushing stage (Bengtsson, 2009).

In Figure 2.9, the changes in relative strength during the process stages can be seen®.
There is a loss in relative strength after blasting. Thereafter, if the crushing process is
good, the relative strength is improved for every crushing stage. Equally large
differences cannot be seen with a bad crushing process.

Relative strength
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Figure 2.9 The change in relative strength from in situ to blasting and primary, secondary and

tertiary crusher. The figure shows good and bad crushing processes®.

The size of the feed, i.e. the distance between the crushing plates, can be described
with CSS (closed side setting) or OSS (Open side setting), where CSS describes the
shortest distance between plates and OSS the distance when the plates are furthest
away from each other (Bengtsson, 2009). In cone crushers and gyratory crushers the
best particle shape is generated to grains close to or equal to the CSS value.
Furthermore, the shape of the particles deteriorates with an increased feed size.

’ Evertsson, Magnus; Professor in Machine Elements, Chalmers University of Technology. 2014. E-
mail conversation May 8".

® Evertsson, Magnus; Professor in Machine Elements, Chalmers University of Technology. 2014.
Meeting April 16"

® Ibid.
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2.5 Factors affecting rock properties

An estimation of the rocks technical properties can be obtained by studying the
intrinsic properties such as mineralogical composition, grain size and shape, foliation,
cracks and porosity (Lindqvist, et al., 2007). The intrinsic properties of the rock can
be determined by conducting a petrography analysis. The intrinsic properties relate to
one another and it is usually the weakest factor that limits the rocks resistance of
degradation and fragmentation (Hellman, et al., 2011). The difference between
different rock types, even within the same rock type, can be vast. The properties that
are evaluated during a petrography analysis are presented below.

2.5.1 Mineralogy

A rock consists of minerals that are jointed together (Hellman, et al., 2011). The
properties of the individual minerals that make up the rock such as hardness, crystal
form, density and cleavage, are limiting factors for the technical properties of the rock
(Lindqvist, et al., 2007). These individual properties of the minerals are important, but
they alone do not provide enough information for determine the technical properties
of the rock (Hellman, et al., 2011). The most important factors of a mineral to decide
the technical properties of the rock are the hardness and cleavage.

The hardness of the mineral contributes to the compressive strength of the rock and
resistance against wearing and fragmentation (Hellman, et al., 2011). Most minerals
have one or many cleavage planes where the minerals are easier to break. These
weaker planes in individual minerals may have a negative impact on the rocks overall
strength, which seems to be greater with larger grain size. According to Hellman et
al (2011), the most extreme cases are when mica minerals are present, since they are
fully cleavable in one direction. A rock type containing mica mineral therefore
decreases its strength. On the other hand, Lindqvist et al (2007) states that the
influence of micas is strongly dependent on their size and orientation. The latter is
also verified by SGU (2006), which states that micas are a reinforcing mineral having
a damping effect. Small, randomly oriented micas may increase the fracture toughness
and act like reinforcement (Lindqvist, et al., 2007). Larger single mica grains or large
aggregates of mica grains may provide a path for crack propagation and may therefore
weaken the rock. However, it has been proved that the concentration of mica itself has
a very limited effect (Akesson, 2004).

Quartz is one of the minerals that lack a specific cleavage plane (Hellman, et al.,
2011). The lack of a specific cleavage plane together with the hardness of quartz and
its ability to recrystallize and form complex grain boundary shapes is the most
important factors why rock types containing quartz usually have a good resistance to
fragmentation.

2.5.2 Grainsize

The grain size is a very important factor when to determine the mechanical properties
of the rock (Hellman, et al., 2011). It is well known that finer grained rocks of the
same type gains a higher strength and it has been proved that the compressive strength
of granites increases with an increase of the specific surface (Lindqvist, et al., 2007).
An exception is a fine-grained rock with a distinct foliation that causes weakness
planes. The strength is not solely determined by the grain size, the grain size
distribution is important as well. A large size range yields a higher strength and better
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resistance to fragmentation and wear compared to a more equigranular or
homeoblastic rock. It has shown that rocks consisting of both coarse- and finer-grain
in a matrix have a beneficial effect on the strength of the rock (Hellman, et al., 2011).
This is due to that the properties of the finer-grained mineral seem to be dominating
those of the courser-grained mineral.

2.5.3 Grain and grain boundary shape

The grain and grain boundary shape has a large impact of the brittleness and the
resistance of wearing of the rock (Hellman, et al., 2011). The more complex the grain
shape and grain boundary geometry is the stronger the boundaries become (Lindqvist,
et al., 2007). According to Akeson et al (2003) the strength and resistance to
mechanical fragmentation increases when the shapes of the grains are going from
straight surfaces and boundaries to more irregular grain shapes and grain boundaries.
An increased complexity in the grain shape and grain boundary geometry forces the
cracks to go through the minerals instead of along the boundaries (Hellman, et al.,
2011). This makes the rock stronger compared to rocks with less complex grain shape
geometry and straight boundaries where cracks can form along the boundaries. When
cracks can form along the boundaries it makes the rock less resistant to mechanical
fragmentation. In Figure 2.10, two granites with the same grain size but different
grain boundary shape can be seen.

Figure 2.10 Two granites with the same grain size but different grain boundary shapes. The more
complex boundary shape on the granite to the left will give it a higher resistance to
fragmentation (Akesson, 2004).

2.5.4 Foliation

Foliation is defined as a parallel structure within the rock (Hellman, et al., 2011). The
properties of a rock with an oriented parallel structure differ from rocks with a
randomly oriented structure (Lindqvist, et al., 2007). The orientation can be divided
into two different types; shape-preferred orientation and lattice-preferred orientation.
Shape-preferred orientation is when the orientation of the mineral grains is based on
the shape of the mineral grains. Lattice-preferred orientation on the other hand, is
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when the orientation is based on the atomic lattice of the different mineral grains. A
foliated rock mass defined by shape-preferred orientation usually represents weaker
planes in the rock. A foliation defined by micas or clay mineral has a strong influence
on the mechanical properties of the rock. When micas or clay are present, the rock
normally becomes very weak in a specific plane and therefore the resistance to
fragmentation is lowered. As mentioned earlier, randomly oriented micas does not
necessarily have a weakening effect on the rock. The lattice-preferred orientation
might have a substantial effect for minerals with strong anisotropy of slip planes, such
as micas and feldspars.

On the other hand, some of the metamorphic rock types with foliation have
recrystallized and in that process developed more complex grain boundary geometry
(Hellman, et al., 2011). These rock types have a good resistance to fragmentation and
strong mechanical properties. Investigations of foliated rock types in the Baltic shield
show that the foliation has led to more complex boundaries and therefore the foliation
has increased the strength of the rock.

2.5.5 Micro cracks

Blasting, crushing and other activities that deform the rock such as pressure discharge,
thermal contraction and tectonic movements in the crust creates micro cracks
(Hellman, et al., 2011). The resistance to fragmentation is highly affected by the
occurrence and amount of micro cracks. Micro cracks are cracks with a size equal to
or smaller than the grain size. There are two different types of micro cracks;
intergranular and transgranular. An intergranular crack is a fracture that takes place
along the grain boundary of the rock. A transgranular crack is a fracture that follows
the edges of lattices rather than the grain boundaries, ignoring the grains in the
individual lattices.

Crack propagation generally takes place more easily along long straight surfaces such
as grain boundaries or cleavage planes (Hellman, et al., 2011). The presence of micro
cracks is critical for the rocks resistance to fragmentation. The strength or resistance
to fragmentation of a rock is related to the presence of discontinuities, limiting flaws,
where cracks that may result in failure can be initiated (Lindqgvist, et al., 2007). A
limiting flaw can be a grain or phase boundary, a pore or a pre-existing crack. The
size of the flaws is the main factor when determine their influence, and when studying
the tensile stress, it can be expressed generally as Equation (6).

o, =6 /ETGC , Where (6)

ot = Critical tensile stress

0 = Material-specific constant

a = Dimension of the limiting flaw

E = Young’s modulus

Gc = Surface energy per unit area that is required to create the crack surface

This equation provides an understanding of how the critical tensile stress is calculated,
but is not intended to be used for calculations within the report. It is common that
propagated cracks heal and crystallize new minerals (Hellman, et al., 2011). These
cracks are normally filled with calcite, chlorite, quartz and epidote. The healed cracks
might make up weaker parts of the rock and might cause new crack propagation to
take place.
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2.5.6 Porosity

The porosity is generally very low in crystalline Swedish bedrock, not often above
0,5% of the total volume (Hellman, et al., 2011). Sedimentary rock, like sandstone,
usually has a higher porosity than crystalline rock. A rock with high porosity might
decrease the quality of the bitumen bound layers of a road, since the bitumen is
consumed by the voids of the rock. An increase in porosity generally yields a loss in
rock strength. The relation between total porosity and compressive strength can be
expressed as Equation (7) (Lindgvist, et al., 2007):

B =Bo(1-v,)" , where (7)
B = Actual compressive strength

Bo = Compressive strength of the material without porosity

Vp = Pore volume in percent

n = Material-specific constant

This equation provides an understanding of the relationship between compressive
strength and porosity but is not intended to be used for calculations within the report.
Pores can both facilitate crack propagation as well as trap a propagating crack.
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3 CASE STUDY

The locations chosen for this study, Ale, Angered, Tanum and Forserum, will in this
chapter be presented more closely regarding both the regional and local geology. The
locations have been chosen due to the different types of rock and geology they
represent, where Forserum is having the best quality rock, followed by Ale, Angered
and at last Tanum with the poorest rock quality regarding LA-testing and
fragmentation. The locations and rock type at each location are presented in Figure

- Acidic intrusive rock (granite, granodiorite, monzonite etc)
Quartz-feldspar sedimentary rock (sandstone, greywacke etc)

- Acidic intrusive rock (granite, granodiorite, monzonite etc)
Quartz-feldspar-rich sedimentary rock (sandstone, greywacke etc)
Skagerrak

- Ultrabasic, basic and intermediate intrusive rock (gabbro. diorite, dolerite etc)
- Quartz-feldspar-rich sedimentary rock (sandstone, greywacke etc)

250733 Co——)

Figure 3.1 Bedrock map of the south-west parts of Sweden, modified (SGU, 2010b).

3.1 Regional geology

A large part of the bedrock in south-western Sweden consists of different types of
gneiss (Antal, et al., 1999). The bedrock is mainly between 1,700 and 1,550 million
years old and was metamorphosed during the Sveconorwegian orogeny, which
occurred about 1,100 - 900 million years ago. This province is called the South-
western gneiss province and sometimes also the Sveconorwegian province, from the
time most of it was formed. The region has been intruded by several generations of
granite since the metamorphose 1,100 - 900 million years ago (Johansson, 2014). The
youngest of these granites are the Bohus granite which is located in the north-western
part of the province, in northern Bohuslan.

The south-eastern part of Sweden is a part of the Trans-Scandinavian igneous belt,
ranging from Smaland, through Véarmland and up to western Dalarna (Johansson,
2014). The Trans-Scandinavian belt consists of relatively undeformed granites and
volcanic porphyries, aging from 1,800 to 1,650 million years old. Late Precambrian
sedimentary rock can be found at several locations within this province,
superimposing the older igneous rock (Gierup, et al., 1999). Similarly, mafic intrusive
rock such as dolerite and diabase is frequently found within the province.

16 CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38



3.2 Ale

The quarry in Ale is owned by Skanska and has been active since the year of 1998.
The total aggregate production in Ale was 314 000 tonnes in 2013™. Each blast
corresponds to approximately 50 000 tonnes produced aggregates, which means there
are around 6 blasts each year. Tests on produced base course are made every year.
The LA-coefficient for base course in 2013 was 24. In Figure 3.2, the quarry in Ale
can be seen where the location for the drill and blast is highlighted.

Figure 3.2 Photo of Ale quarry © Lantméteriet [i2012/1099].

3.2.1 Local geology

Four different rock types are present in Ale quarry™. They are all different variations
of gneiss, containing different levels of the main minerals k-feldspar, quartz and mica.
Bands rich in granular minerals such as k-feldspar and quartz exist throughout the
quarry. The bands can be up to several meters in width, cutting through the quarry.
The two main rock types in Ale are granitic gneiss and augen-bearing gneiss (Stalen
& Goransson, 2012). The content of mica is also relatively high compared with other
gneisses in the south-western parts of Sweden. A bedrock map over the area can be
seen in Appendix A.

3.2.2 Rock core mapping

The rock cores from Ale consist almost solely out of gneiss. However, the gneiss is
heterogeneous in its appearance, as can be seen in Appendix B. The gneiss is mostly
dark and fine grained, but contains a high number of dykes of pegmatite, rich in k-
feldspar and quartz. Red gneiss is also present in the three bore holes, representing
one of the wider bands in the quarry. The red gneiss is fine grained as well.

10 Gustavhsson, Hékan; Production Manager, Skanska Asfalt och Betong AB. 2014. E-mail conversation
April 23"
! Gustafsson, Mikael; Geologist, Skanska Asfalt och Betong AB. 2014. Meeting May 8".
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3.3 Angered

Angeredskrossen is a quarry owned by Skanska and was established in the end of the
1960s. In 2013, the aggregate production amounted in 496 000 tonnes™. Around ten
blasts are performed in Angered each year with approximately 50 000 tonnes of
aggregates produced each time. The total amount extracted in Angered is estimated to
approximately 14 million tonnes'®. The LA-coefficient for produced base course was
34 in the yearly measurements 2013. Compared to measurements earlier years, this is
a high LA-coefficient'*. The quarry in Angered can be seen in Figure 3.3 where the
location for the drill and blast is highlighted.

p

o

Figure 3.3 Photo of Angered quarry™.

3.3.1 Local geology

Gneissic granitoids dominates the quarry where the grain size varies from fine to
medium (Jern, 2004). The colour of the rock is towards the darker shade and is very
homogeneous throughout the quarry®. The mineral composition consists of quartz,
feldspar and mica. In the area a horizontal to sub-horizontal foliation can be observed
(Jern, 2001). The rock is fairly fractured in the entire area. A bedrock map over the
area can be seen in Appendix A.

3.3.2 Rock core mapping

The rock cores from Angered are very homogenous. The colour is mostly black or
dark grey for the main part of the cores. The mineral composition of the gneiss is as
stated above and it is mostly fine grained. The rock cores crosses through very narrow
dykes, up to 10 cm, of pegmatite rich in k-feldspar and quartz with a greater grain
size. The rock cores can be seen in Appendix B.

12 Gustavhsson, Hékan; Production Manager, Skanska Asfalt och Betong AB. 2014. E-mail conversation
April 23",
ii Gustafsson, Mikael; Geologist, Skanska Asfalt och Betong AB. 2014. Meeting May 8"

Ibid.
15 Gustafsson, Mikael; Geologist, Skanska Asfalt och Betong AB. 2014. E-mail conversation May 13"
18 Gustafsson, Mikael; Geologist, Skanska Asfalt och Betong AB. 2014. Meeting May 8".
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3.4 Tanum

The last part of the European highway E6 between Oslo and Géteborg to be upgraded
to a two-lane highway is the stage Palen-Tanumshede (Trafikverket, 2014a). The
contractor for this project is Skanska and the stage comprises of 7 km of two-lane
highway with a width of 18,5 meter. The construction of the road started during the
spring of 2013 and is planned to be finished during the summer of 2015. In Figure 3.4,
an orientation map of the project is presented where the location for the drill and blast
is marked. As the other parts of the E6 improvement, Tanum have also had problems
with differences in expected LA-values from the pre-investigation and the one’s found
at site at construction’. Since Tanum has experienced differences in rock quality from
expected and actual quality, regarding the LA-coefficient, it is an interesting location
to test and evaluate.

ORIENTERINGSKARTA
Bamsecd| \fig E6, Palen — Tanumshede
e e b

X Grébbestad 1
\
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7 A h
HRabbdshedes’:

Figure 3.4 Orientation map, Palen-Tanumshede, modified (Trafikverket, 2014b).
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Fialibacka, 7

Rock cores from the pre-investigation in Tanum have been tested regarding the LA-
coefficient (Trafikverket, 2011c). The values ranged from LA 29 to LA 49 for the
rock cores investigated along the stretch. Section 0/590 is located close to the area
investigated in this thesis. The LA-value for the course-grained granite there were 47.

3.4.1 Local geology

The area where the road project is located lies within a boundary zone between the
older gneiss belonging to the Stora Le-Marstrand formation and the younger Bohus
granite (Trafikverket, 2011c). The bedrock in the area consists mainly of granitic rock
with variations in grain size. The amount of k-feldspar varies which makes the colour
of the rock ranging from pale red-greyish to light grey. Large parts of the granitic
bedrocks contain banded gneiss. The gneiss is most commonly metamorphic with no

17 Akeson, Urban; Trafikverket. 2014. Start meeting January 27".
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foliation. However, dark coloured foliated gneiss can be found in the area as well. The
different rock types occur regularly and alternately within the area and the grain size
of the granite varies with diffuse transactions. A bedrock map over the area can be
seen in Appendix A.

3.4.2 Rock core mapping

The rock cores from Tanum showed a great variety in rock type and heterogeneity.
The main rock types were, in order after how frequently they appeared; gneiss, Bohus
granite, granite and pegmatite. The gneiss was grey and fine-grained. It was clearly
foliated and partly darker, where the concentration of biotite was high. The Bohus
granite was light grey and medium grained. It was very homogenous and lacks the
presence of darker minerals. The other granite that was present in the cores was light
yellow in colour. The grains were medium to coarse and it was very brittle. This
granite was not tested. The cores also had quite an amount of a grey-white pegmatite
with very coarse grains. The rock cores can be seen in Appendix B.

3.5 Forserum

Forserum quarry is located outside the town of Forserum in the province of Smaland.
There has been quarry activity in Forserum since 1942 and about 12 million tonnes
have been mined since then'®. The aggregate production is around 300 000-400 000
tonnes distributed on 5-6 blasts per year. The LA-coefficient for base course in
Forserum was 14 and 16 in 2013 and 15 and 13 in 2012. The quarry in Forserum can
be seen in Figure 3.5 where the location for the drill and blast is highlighted.

Figure 3.5 Photo of Forserum quarry © Lantmateriet [i2012/1099].

18 Iﬂdfgreg\, Mikael; Project Engineer, Skanska Asfalt och Betong AB. 2014. E-mail conversation April
14" 22",
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3.5.1 Local geology

The geology of the area around Forserum quarry consists of isotropic rocks younger
than the svecokarelian orogeny, aging 1740-910 million years old, see Appendix A.
The rocks that can be found in the local area are different types of ultramafic, mafic
and intermediate intrusive rock, such as dolerite, gabbro and diorite. The most
common rock in the quarry is dolerite™®. However, significant amounts of quartzite are
present within the quarry area as well.

3.5.2 Rock core mapping

The rock cores consist solely out of fine grained dolerite. The rock cores are very
homogenous and only differ in different shades of black, grey and greenish. The grey
parts are a light plagioclase mineral, and the green parts consist of transformed
amphibole and pyroxene. Photos of the rock cores can be found in Appendix B.

19 Gustafsson, Mikael; Geologist, Skanska Asfalt och Betong AB. 2014. Meeting May 8"
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4 METHODOLOGY

The methodology regarding collection of the samples and testing methods will be
further developed in this chapter. Every step of the process will be explained in detail
in the different subchapters. A flowchart describing the overall methodology can be
seen in Figure 4.1.

Preparation ; LA- and
Drilling Blasting of rock Elakiness micro-
samples index test Deval-tests

Figure 4.1 Flowchart describing the methodology.

4.1  Method for rock core drilling

The core drilling was performed by GEO-gruppen AB. The drilling equipment
consisted of a Longyear, BQTK with a core diameter of 40,7 mm. The cores were
drilled from the top of the bench. To avoid potential damages due to previous blasts,
the cores were drilled at a minimum distance of 10 meters from the face of the bench.
To cover the variations in geology, the cores were drilled as evenly distributed over
the bench as the equipment could reach. The core drilling machine was attached to an
off-road vehicle, see Figure 4.2.

R

Figure 4.2 The core drilling machine that performed the drilling at all locations.

Three cores were drilled at each of the quarries. The lengths ranged from 10 to 20
meters. The cores were drilled with a vertical angle and the lengths of the cores are
presented in Table 4.1.
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Table 4.1 Length of drilled rock cores from quarries.

Ale Angered | Forserum
KBH1[m] | 14,1 m 14,35m | 16,32 m
KBH2[m] [ 9,7 m 14,15m | 20,3 m

KBH3 [m] | 2,3 m + 4,05 m 80,5 mm core | 14,0 m 20,2 m

The bench height in Tanum was much less than in the quarries, why shorter cores had
to be drilled. A total of six cores were drilled at three locations. From each location
two rock cores were extracted, that only differed in direction. The two cores at each
location where drilled with an angle of roughly 60 and 80 degrees and a length of 6-7
meters. The length and dip of the rock cores from Tanum are presented in Table 4.2.

Table 4.2 Length and dip of rock cores in Tanum.

Core 1 (80°) | Core 2 (60°) | Total

KBH1 | 6,25 m 6,25m 12,5m
KBH2 | 6,2m 6,25m 12,45m
KBH3 | 6,25 m 7,05m 13,3 m

The rock cores from all locations can be seen in Appendix B and is further explained
geologically in Chapter 3.

4.1.1 Deviation from method

Due to technical issues with the drilling equipment, KBH3 in Ale was partly drilled
with a different core diameter. KBH3 consists of 2,3 m of 40,7 mm core and 4,05 m
core with a diameter of 80,5 mm.

The drilling in Forserum was taking place on a previously blasted surface and
therefore blast damages might be present in the upper layers. To avoid material with
blast damages the first 10 meters from each core in Forserum was not a part of the
study.

4.2  Blasting

The blasts in the quarries and in Tanum were carried out by different providers of
blast services in February and March 2014. All blasts were a part of the normal quarry
activity or project activity. A summary of the blast journals can be seen in Table 4.3.
Complete blast journals and drill reports from all sites can be found in Appendix C.
Explanation of some of the parameters in Table 4.3 can be found in Figure 2.7.
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Table 4.3 Summary of blast journals from Ale, Angered, Tanum and Forserum.

Ale Angered Tanum Forserum
Date 2014-02-21 | 2014-03-24 | 2014-03-03 2014-03-06
Diameter [mm)] 89 89 70 89
Dip [degree] 10 14 11,2 14
Bottom charge Booster Booster N.D Booster
Pipe charge Bulk Blendex 70 | Poladyn 31 ECO | Blendex 70
Top charge DX 55 mm | Exem N.D Exem 55
No. of holes 100 84 95 116
Subdrilling [m] 0 1,5" 1 1
Burden distance [m] | 2,6 2,6 2 3
Spacing distance [m] | 3,6 3,6 2,5 4
Depth of holes [m] | 11-15 20,6-25" 35 13,1-24,4"
Total charge [kg] 8690 16176 657 10435,8
Weight [tonnes] 38000 48600 2244 65952
Density [kg/m?] N.D 27007 2600 N.D
Volume [m?] 14480 18000° 863 21984
Spec. charge [kg/m?] | 0,6° 0,90 0,76 0,47

! Data from drill report.

2 Density of gneiss (Waltham, 2009), not listed in blast journal.
® Not listed in blast journal. The volume is calculated using the density and the weight.
* Not listed in blast journal. The specific charge is calculated using the total charge and the

volume.

4.3

described.

The homogeneity of the samples is very important. To validate the study, each and
every one of the samples went through a petrography analysis. The petrography
analysis focused on the samples to have the same colour and mineral grain size. No
consideration was taken toward the samples to resemble each other in flakiness. This
was conducted to make sure that the same rock type was tested for rock cores, cobbles

and base course.

24

Method for preparation of rock samples - Crushing

Preparation of rock samples include the method of crushing in laboratory, quarries
and road project. Furthermore, the method for sieving and weighing of samples are
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4.3.1 Rock core samples

The drilled rock cores were separated by rock type before crushing started in the
laboratory. The crushing consisted of the following three steps:

1. Crushing in rough jaw crusher in laboratory (minimum gap 45 mm)

2. Crushing in fine jaw crusher in laboratory (minimum gap 10 mm)

3. Crushing in fine jaw crusher in laboratory (minimum gap 10 mm)
The rock types that were identified in the rock cores are presented in Table 4.4.

Table 4.4 Identified rock types at the four locations.
Location Identified rock types

Ale Red gneiss and black gneiss
Angered Gneiss

Tanum Bohus granite and gneiss
Forserum Dolerite

4.3.2 Base course and cobble samples

The same rock types that were identified in the rock cores were selected from the
collected base course and cobbles to create the base course and cobble samples. At all
locations, the crushing procedures followed normal daily operation.

In Figure 4.3, the crushing steps to create samples of base course can be seen in a
flowchart. Five different rock types of base course were tested; red and black gneiss
from Ale, gneiss from Angered, mixed rock from Tanum and dolerite from Forserum.
All samples were collected from flattened piles of aggregates in the fractions
presented in Figure 4.3.

‘ Ale Angered

D T Tanum ‘
| Pre-crusher | _ I

Jaw

Forserum

] ) 0-150
Pre-crusher ( )
Jaw p "
(0-150) Production
sieve
(16-150)
_ ( Breoreie: Second crusher
Second " Second Jaw Cone
crusher crusher (0-180) (0-90)
Y A i P —
(0-90) 0-16 )
— Fine crusher
Production Cone
sieve (0-32)
(8-16)
§ ¥ § ) . ( p .
Re.d Bla.Ck Gneiss Mixed Dolerite
gneiss | gneiss .
Figure 4.3 Flowchart for preparation of samples of base course.
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Cobbles were abstracted from the 0-150 mm pile in Tanum after the pre-crusher. The
cobbles from Ale were abstracted from the 0-90 mm pile after the second crushing
step to create the cobble samples. In Figure 4.4, a flowchart showing the crushing
steps to create the cobble samples can be seen. The cobble samples were additionally
crushed in the laboratory. Four rock types of cobbles were tested, red and black gneiss
from Ale and gneiss and Bohus granite from Tanum.

Ale Tanum

Pre-}:;lvsher | Pre-crusher
(0-150) Jaw

i (0-180)
Cobbles |
(' Second crusher | |

G&,r_eg:g)ry | Laboratory
l Cobbles | crusher
- ~ Jaw
1 | (45mm) )
[ Laboratory | |
crusher ) .
Jaw Laboratory
45mm) | crusher
Jaw
" Laboratory | (10mm)
crusher
Jaw
flﬁmm% l__l
| Black | | .| | Bohus
Gneiss -
_ gumss | gneiss . | | granite
Figure 4.4 Flowchart for preparation of cobble samples.

4.3.3 Deviation from method

The amount of Bohus granite received from the rock cores was not enough to run a
LA-test on. Three additional crushing steps of the grains larger than 14 mm were
performed in the fine crusher in the laboratory. In Angered, the material of the poorest
quality in fraction 0-16 mm was removed before production of the base course. This
was not performed at the other locations. The base course from Forserum was
collected from another bench than the one were the rock cores were drilled. This was
because blasting did not occur within the time span for the thesis. Therefore, base
course was taken from the bench blasted previously.

4.4  Method for preparation of rock samples - Sieving

The crushed rock cores, the crushed cobbles and the samples of base course were then
sieved. The sieving was performed in a Gilson sieve, 10 minutes per bucket of
material. The size of the sieves used from top to bottom was:

- 22,4 mm

- 16 mm

- 14 mm

- 11,2 mm

- 10 mm
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The material remaining on sieve 11,2 and 10 mm were collected, prepared and used
for testing. A flowchart describing the sieving process can be seen in Figure 4.5.

’ 10-11.2 mm
Crushed Sieve | Sample
. material _ (Gilson) ( 10-14 mm
T 11.2-14 mm
Figure 4.5 Flowchart for sieving and creation of sample.

The quantities of each fraction in the sample was 65 % of the fraction 11,2 — 14 mm
and 35 % of the fraction 10 — 11,2 mm. The total sample mass of fraction 10-14 mm
was 5000 grams for the LA-test and 500 grams for Micro-Deval test.

4.5 Testing methods

The Los Angeles and Micro-Deval tests were performed according to the European
standards, SS-EN 1097-2 and SS-EN 1097-1. A description of the two methods can be
found in Chapter 2.1. All rock types presented in the blue boxes in Figure 4.3 and
Figure 4.4 were tested with the LA-method. The LA- and MD-tests that were
conducted is presented in Table 4.5. Pictures of the samples before and after the LA-
test can be seen in Appendix D. LA cobble and LA base course have not been tested
for all samples because the material have not been available at site during the time
frame of the thesis. MD tests were performed on selected samples in order to validate
the LA-test results.

Table 4.5 Conducted LA- and MD-tests.
Samples LA LA LA MD MD

Rock Core | Cobble | Base Course | Rock Core | Base Course
Ale, Red Gneiss X X X
Ale, Black Gneiss X X X X X
Angered, Gneiss X X X X
Tanum, Mixed X X
Tanum, Gneiss X X
Tanum, Bohus Granite X X
Forserum, Dolerite X X X X

45.1 Flakiness index

Determination of a flakiness index was performed according to a modified version of
the standard test. A sample of 5 kg was prepared for testing of the Los Angeles
coefficient. 1,5 kg of this was used to obtain the modified flakiness index. The
material was first sieved through an 8 mm grid sieve. The material that passed the grid
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was weighed and compared to the original weight of 1,5 kg. The material passing the
8 mm grid sieve was then sieved through the 6,3 mm grid sieve and weighed and
compared to the original sample weight as well as the weight of the material passing
through the 8 mm grid sieve.
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5 RESULT

In the following chapter, results from the Los Angeles tests and Micro-Deval tests, as
well as results from the flakiness index determination will be presented and
visualized. The reports from the laboratory can be seen in Appendix E.

The result from the LA-tests for cobbles, rock core and base course is shown in Figure
5.1. It clearly shows that the LA-coefficient for a rock core is better than for base
course and cobbles for all locations.

60

50

40

30

Cobble
® Rock Core
m Base Course

LA-coefficient

20

Figure 5.1 Comparison between LA-coefficient for cobbles, rock core and base course.

The result from the Micro-Deval tests is shown in Figure 5.2. The MD-coefficient for
rock core is better than base course for all locations. In Appendix F, all values from
the LA-tests and MD-tests are presented in a table.
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Figure 5.2 Comparison between MD-coefficient for rock core and base course.

The results from flakiness index tests are visualized in Figure 5.3. The base course has
a higher flakiness index for all locations except for the gneiss in Angered. In
Appendix F, the passing amount of material through the 6,3 mm grid sieve and the
amount of material passing 8 mm that also passes 6,3 mm can be seen in tables and
diagrams.

60%

Cobble
® Rock Core

= Base Course

Figure 5.3 Comparison of flakiness index for 8 mm grid sieve between locations.

30 CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38



6 ANALYSIS

Chapter 6 analyses the results by comparing the result with different properties of the
material, such as flakiness and location. Furthermore, different relations are plotted to
see if any correlations can be found.

To determine if any correlation can be seen between the different locations, the
relation of the LA-coefficient and flakiness index have been plotted for the different
sampling methods, i.e. rock core, cobbles and base course, see Figures 6.1-6.3.

60
- 950
g 40 v
'-E @ Ale
ngere
2 20 ~ N °
i 10 < Tanum
0 X Forserum
0% 10% 20% 30% 40% 50% 60%
Flakiness index, 8mm grid sieve
Figure 6.1 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for rock cores
at all locations.
60
- 50
S
g 40
e
& 20 »
— * Tanum
10
0
0% 10% 20% 30% 40% 50% 60%
Flakiness index, 8mm grid sieve
Figure 6.2 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for cobbles at
all locations.
60
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g 40
.é 0 @ Ale
é 20 N 'S h B Angered
<
— Tanum
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0 X Forserum
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Flakiness index, 8mm grid sieve
Figure 6.3 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for base
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The Figures 6.1-6.3 alone does not give any new information, but by combining and
studying the three at the same time, some tendencies can be seen. The scale on both
the x and y axis are the same for Figure 6.1-6.3, making the study of the three easier.
The general trend that can be seen is that the points seem to be moving upward and to
the right in the diagrams, except for Angered. This indicates that a higher flakiness
index yields a higher LA-coefficient, i.e. lower resistance to fragmentation. Moreover,
the Figures 6.1-6.3 deem it not likely that any correlation or relations between
locations are present within this study. Similar diagrams, linking LA-coefficient with
flakiness index, have been done for the other grid sieves and can be seen in Appendix
G. The diagrams in Appendix G indicate the same tendencies and trends as Figure
6.1-6.3.

To determine if any patterns can be seen within the same location, the relation of the
LA-coefficient and flakiness index for each location and rock type was plotted. The
plot for Ale is shown in Figure 6.4. In the following figures, rock core will be referred
to as RC and base course as BC.

60
- 50 )
c ® Black Gneiss RC
240 .
= Black Gneiss Cobble
T 30 .
S Black Gneiss BC
< 20 L )
3 10 4 B Red Gneiss RC
0 Red Gneiss Cobble
0%  10%  20%  30%  40%  50%  60%  RedGneiss BC
Flakiness index, 8mm grid sieve
Figure 6.4 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for Ale.

It is obvious from studying Figure 6.4 that the tendencies seen in Figure 6.1-6.3 apply
for the different rock types and sample methods in Ale. A higher flakiness index will
lead to a higher LA-coefficient. The same trend applies for both Tanum and Forserum
and can be seen in Appendix H. In Appendix H the same plots for the other grid
sieves can be seen as well. The other grid sieves indicates the same trends as for
Figure 6.4. However, the trend is not applicable for Angered as shown in Figure 6.5.

60
- 50
c
240 .
= @ Gneiss 1 RC
30
3 Gneiss 1 BC
& 20 » _
_1 10 MGneiss 2 RC
0 Gneiss 2 BC
0% 10% 20% 30% 40% 50% 60%
Flakiness index, 8mm grid sieve
Figure 6.5 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for Angered.
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Angered is the only location where the base course material has a lower flakiness
index than the rock cores. On the other hand, the LA-coefficient is still better for the
rock cores than the base course, indicating that the flakiness index not solely
determines the LA-coefficient. The difference between the rock core and base course
is that the base course has gone through blasting and a different kind of crushing. It
will be discussed what the reason for this likely depends on in chapter 7.1.

To determine the effect of the flakiness index on the change of LA-coefficient, the
percentage increase of the LA-coefficients and flakiness index has been calculated
according to Equation (8) and Equation (9).

% increase of LA — coeff.= 100 * (1 — LA_coeff. Rock Core )

8
LA—coeff. Base Course/Cobble ( )

Flak. Index Rock Core ) ( )
Flak. Index Base Course/Cobble

% increase of flakiness index = 100 * (1 —

The result of the calculations from Equation (8) and Equation (9) are presented in a
table in Appendix I. The results are also plotted in Figure 6.6, except for the values for
Angered that are neglected in this analysis since the flakiness index is higher for rock
core than base course.
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Figure 6.6 Relation between the percentage increase of the LA-coefficient and flakiness index

(8 mm grid sieve) from rock core to base course and cobble, respectively.

Figure 6.6 shows a very strong correlation between the increase of LA-coefficient and
flakiness index for base course. Cobbles do not show the same strong relationship as
base course do, but the same trend can be observed if the furthermost left point is
neglected. If the trend line where to intersect with the origin, it would have implied
that the LA-coefficient and flakiness index are fully dependent on one another. Since
the trend line does not go through origin, other factors affect the LA-coefficient as
well. This will be discussed in chapter 7.1.

In Table 1.1 in Appendix I it can be seen that the greatest percentage increase of the
LA-coefficient occur for Ale black gneiss, which have an increase of 35 % from rock
core to base course. By assuming 35 % is the greatest difference obtainable between
rock core and base course, it can be applied on the limit of LA 40. A value of where
the LA-coefficient might fall over 40 can thereby be obtained with Equation (10).

Indicator = % = LA 30 (20)
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Equation (10) indicates the threshold for the LA-coefficient of rock core where the
base course lies at risk of not meeting the requirement of LA 40. Ale was the only
location where all three different sample methods were collected. The LA-coefficient
is plotted against the different rock types that were present in Ale in Figure 6.7.

35

30

25

20 m Rock Core

= Cobble

15 -
Base Course

LA-coefficient

10 ~

Ale black gneiss Ale red gneiss

Figure 6.7 Comparison of LA-coefficient for rock core, cobbles and base course for Ale.

It is easy observable that the LA-coefficient is the lowest for rock core, highest for
base course and in between for cobbles for both black and red gneiss. This is in line
with the previous figures in chapter 5 and 6. The rock cores in Ale had different core
diameters. Most of the sample of red gneiss came from the core with larger diameter
and the sample of black gneiss came from the cores with smaller diameter. No
conclusion or tendencies can be drawn to which extent the larger core differ regarding
LA-testing compared with the smaller core. If more large cores had been drilled it
would have been possible to investigate if any tendencies are present.
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7 DISCUSSION

Chapter 7 will firstly deal with a discussion of the results and analysis. Secondly,
uncertainties that can have affected the result will be brought up. Finally,
recommendations will be given to further studies that would be relevant within the
area of expertise.

7.1 Result and Analysis

The result corresponds well to the hypothesis of the thesis and previous experience
from pre-studies. The values for the LA-coefficient for the different locations and
rock types are within the same interval as previously tested base course. Therefore the
results from the LA-testing are trustworthy. Rock cores consistently give a lower LA-
and MD-coefficient than base course and cobble for the same material. The same
trend can be seen for flakiness index, where the flakiness index is higher for base
course than rock cores for all locations except for Angered. This lead to the
conclusion that flakiness index is an important parameter for the outcome of the LA-
test.

The fact that Angered had a lower flakiness index for base course than rock core,
together with Figure 6.6, indicates that the flakiness index alone not is responsible for
the lowered resistance to fragmentation of rock cores. To produce the base course
sample, the rock has been blasted and crushed. Since the rock cores have been
crushed as well, the difference ought to lie in the blasting procedure. Blasting is
known to induce micro cracks in the material and it is likely that micro cracks can
explain the difference between rock core, cobble and base course. The cobbles were
assumed to lack damages from blasting, although no verification was performed. The
fact that the LA-coefficient for cobbles in Ale was between rock core and base course,
indicates that micro cracks affects the resistance to fragmentation.

Furthermore, the shape of the grain is very important. It is significant to understand
that the same flakiness index does not confirm that the materials and grains look
exactly the same. With this in mind, the difference between rock core and cobbles can
be explained. The rock cores were drilled with a 40,7 mm diameter. The surface of the
cores is rounded and it gives an unnatural surface shape when the cores are crushed
compared to crushed cobbles and base course. The rounded edges of the rock core can
explain why rock cores consistently show better LA-coefficients than cobbles.

The difference in LA-coefficient between cobbles and rock core differ widely in
Tanum. It is likely that the difference in LA-coefficient between rock core and
cobbles from Tanum Bohus granite should be smaller and more similar to the
difference for Tanum gneiss. Due to the additional crushing on grains larger than 14
mm on the rock core sample of Bohus granite, the grain shape of the sample is
improved. As presented in Chapter 2.4, the strength is improved for every crushing
stage. It is thereby likely that the resistance to fragmentation also is improved for the
rock core sample. If the crushing procedure had been similar, it is expected that the
Bohus granite LA-coefficient for rock core would be higher, i.e. correspond to poorer
rock quality.

The fact that the flakiness index in Angered is higher for base course than rock core is
not consistent with the other locations. The crushing steps for receiving base course in
Angered were set to smaller fractions in the production. This might have affected the
flakiness of the material. The CSS (closed side setting), see Chapter 2.4, was in
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Angered set to 16 mm, indicating that materials close to 16 mm will receive a better
grain shape, i.e. lower flakiness index. Since the LA-test sample is in 10-14 mm
fractions, by having the CCS set to 16 mm instead of 32 mm will give a much less
flaky material. Furthermore, the material in fractions 0-16 was after the pre-crusher
removed from the crush line to receive an end product with better quality. This
procedure was only done in Angered. This is another likely reason why the flakiness
index for base course is lower than for the other locations.

The indicator of LA 30 should not be seen as an absolute figure. Rock cores with a
LA-coefficient above 30 do not necessarily give a LA-coefficient above 40 for base
course. Conversely, LA-coefficient below 30 for rock cores does not guarantee a LA
below 40 for base course. It is an indication of when attention should be drawn toward
the LA-coefficient of the end product, i.e. the aggregates for the future road.

7.2  Locations

The locations for the case study were selected due to their different type of geology,
they were owned by Skanska and were relatively close to Géteborg. Although that the
study was controlled by the parameters mentioned above, it was not a limiting factor
for the thesis. It is believed that a better result would not have been obtained if the
locations where to be chosen differently. The sample location at each site was chosen
where the next blast was to take place. Therefore, deciding exactly what type of rock
to be tested could not be decided on beforehand. However, the material received
corresponded well to what was expected.

7.3  Methodology — Sample collection uncertainties

The method of how the thesis was carried out was done to simulate how mechanical
properties of a rock are obtained in a pre-study. In situ geological information is
determined by tests on either rock cores or cobbles from a sledgehammer test. The
cobbles were sampled as a material not having blasting damages and therefore
corresponding to sledgehammer samples. However, no verification or testing was
done to make sure it was no damages from blasting in the cobbles and can therefore
not be fully related to sledgehammer samples.

The rock cores were drilled at a distance of at least 10 meters from the bench face to
avoid blast damages. No verification of the cores actually being non-damaged was
carried out. The length of the rock cores differed between the locations and also
within the same location. However, the lengths should have no impact on the result
because the essential is the rock type in the cores, and that they are representing the
rock types in the bench. Additionally, it was important to keep the lengths of the cores
approximately within the bench height, so that no new rock type was discovered in the
cores and not in the blasted and crushed material. All rock cores were drilled with a
vertical dip, except three cores from Tanum. Originally, the plan was to drill
perpendicular to the foliation of the rock. However, this was not possible due to
external factors at site such as bench width. The drilling in Forserum took place on a
second bench. Fractured rock was observed several meters in the rock cores and was
assumed to be blast damages and therefore not included in the study.

The fact that the base course did not go through the same amount and type of crushers
is a limiting factor. Obviously, a more reliable comparison where the material actually
was produced in exactly the same way would have been desirable. This was not
possible during this thesis due to monetary terms, time frame and production
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controlled parameters. In further studies it should be of high priority to make sure the
process is identical or at least equivalent to minimize sources of error.

The base course from Forserum was collected from another bench than the one were
the rock cores were drilled. This was because blasting did not occur within the time
span for the thesis. Therefore, base course had to be taken from the bench blasted
previously. Since Forserum is a very homogenous quarry and the samples were
inspected ocular before the LA-test, it is assumed to have no effect on the outcome.

Higher specific charge results in more micro cracks and higher proportion of fine
fraction. The specific charge varied from 0,47 kg/m® to 0,90 kg/m® between the sites,
with the highest specific charge in Angered and the lowest in Forserum. However, the
effect of the specific charge on the amount of micro cracks is not investigated within
the framework of this thesis.

Regarding which method that is the most reliable to use in a pre-investigation,
sledgehammer sampling seem to be a better method. By not using rock cores the
problem with unnatural surfaces and edges will be bypassed. Additionally,
sledgehammer sampling is much more beneficial out of an economic point of view.
The method is more accessible and faster than drilling rock cores. However,
sledgehammer sampling is not suitable in all situations. For example where the soil
layer above the rock is thick or where the rock is hard and without fractures.

7.4  Methodology — Laboratory uncertainties

Each and every sample was inspected ocular with high precision on rock type, colour,
homogeneity and mineralogy. No uncertainties believe to be associated with testing of
different rock types. The LA- and MD-testing followed the European standards and is
therefore disregarded as a source of error. The flakiness index, on the other hand, was
not tested according to any standard. The procedure was created for this thesis to be
able to compare the samples with each other. Although the flakiness used in this thesis
is not comparable to the standard flakiness it fulfilled its purpose more than well. One
of the concerns and a possible source of error is that only 1,5kg out of 5 was tested
with respect to flakiness. Subsequently, the degree of mixing of the 5kg sample,
consisting of the fractions 10-11,2 and 11,2-14 mm, was crucial. If the mixing was not
done correctly, the grain size rather than the grain shape would determine the outcome
of the flakiness index.

The rock core was crushed three times in the laboratory, which is one extra step
compared to the base course. It is standard procedure for crushing rock cores in
laboratory three times to obtain the amount of material needed for a LA-test. This
deviates with the amount of crush steps in production and is therefore deemed not
appropriate. More reliable results could be obtained if simulation of the crushing
procedure in laboratory is as similar as possible to the one performed in the quarries
or at site. The largest difference between the crushers in laboratory and in quarries is
the type and the size of the crushers. A possible solution to the crusher type is by
imitating the type of crusher used in production. Regarding the difference in size, it
needs to be researched if any differences actually exist.

7.5 Main source of error

The main source of error in the study was that the method for collecting base course
and cobbles were not the same for the different locations, as presented in Chapter 4.3.
It was due to external factors but is very important to control in future research that
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are to be done in the area. It is hard to predict in which extent this might have affected
the result. The crushing procedure is important for the quality and shape of the grains,
which have a large impact on the LA-coefficient.

7.6  Sustainability aspects

The report believes to have significant importance regarding sustainability aspects.
Natural gravel and sand are finite resources and therefore crushed rock must be used
to a greater extent from today and in the future. Additionally, by using the material at
site, transport of aggregates to and from a road project can be minimized. Fewer
transports lead to a better environment which is good out of a sustainable point of
view.

7.7  Further studies

It is important to highlight that this study provide a direction on where future research
is needed. Research is recommended to continue within the field of study, there is still
much to find out about the factors affecting the LA-coefficient from in-situ condition
to finished aggregate. First of all, the ingoing parameters must be isolated so that the
uncertainties that were present in this study will be removed. To find a theory of how
the LA-coefficient changes, all affecting parameters must be evaluated individually.
Therefore, three main research directions are recommended.

Further research of how the flakiness index affects the LA-coefficient is needed. It
would also be interesting to find out if the rounded edges of the rock core actually
affect the LA-coefficient since it is only a hypothesis. Alternatively, the flakiness of
the in-situ and finished aggregate can be modified to match each other to remove the
impact of the flakiness on the end result.

The crush steps at laboratory should match the crushing in production. This is to make
sure the difference is not associated with different techniques of crushing.

To evaluate if sledgehammer samples corresponds to the finished aggregate better
than rock cores. Additionally, sledgehammer samples could be compared against
cobbles to investigate if the cobbles are affected by blasting.
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8 CONCLUSION

This thesis aimed to answer two research questions.
- Do differences occur between expected and received LA-coefficient?
- Does the grain shape affect the resistance to fragmentation?

Regarding if differences occur between expected and received LA-coefficient, the
thesis clearly answers the question. Differences in LA-coefficient between rock core,
cobble and base course can be seen consistently in the study. Rock cores tend to give
lower LA-coefficients than cobbles and base course for the same material. The reason
for this difference is believed to be because of grain shape, flakiness and micro
cracks. The flakiness of a material affects the resistance to fragmentation to a large
extent. Flakier material tends to give a higher LA-coefficient, which can be seen for
seven out of nine rock type samples.

However, two materials with the same flakiness index do not automatically have the
same grain shape. It has been observed that the LA-sample for rock cores tend to have
rounded edges. It is because the surface of the core is rounded and it gives an
unnatural surface shape when the cores are crushed. Rounded edges will most likely
improve the LA-coefficient. Blasting induce micro cracks in the rock which weakens
the resistance to fragmentation. The difference between cobbles (sledgehammer test)
and base course ought to be that the base course has been blasted and therefore
induced with micro cracks. To which extent the micro cracks affect the resistance to
fragmentation depends on rock type, blasting properties such as specific charge, etc.

Finally, the purpose of the thesis was to find indicators when attention needs to be
drawn to the rock quality versus the possible use of the material in a road
construction. The quality limit for the LA-coefficient to be used in a road construction
is LA 40. The thesis has drawn the conclusion that if pre-studies determine the LA-
coefficient from rock cores to be LA 30, it might fail to stay below LA 40 when
producing the material at site. The indicator of LA 30 should not be seen as an
absolute figure. It is an indication of when attention should be drawn toward the LA-
coefficient of the end product, i.e. the aggregate for the future road.
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APPENDIX B — Rock cores
Angered

‘Amo'cdf Kossen KRH1  Box 1

Figure B.1 Angered KBH1 Box 1 [0.0-5.84 m]

» A - -
waereds Kossen- KBH-1

="

Figure B.2 Angered KBH1 Box 2 [5.84-11.54 m]

B Angereds Kioper Keml "Box e

T T S TR P

‘
| I {
4
|
]
- 1

Figure B.3 Angered KBH1 Box 3 [11.54-14.35 m]
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Angered

Araereds Kroser  KBHL  Tox 1 0= 5,1 l

_—_ V N S e = _ —SXE S

Figure B.4 Angered KBH2 Box 1 [0.0-5.61 m]

aceeds ke KBAL Box 2 Sibl-1k20

|
L_-ﬁ_,m,_i,,,,,,, _ e . . S ‘—_'_

Figure B.5 Angered KBH2 Box 2 [5.61-11.20 m]

Avaereds Kowor KBAL Tax3  Wio- 19445 SWT

Figure B.6 Angered KBH2 Box 3 [11.20-14.15 m]
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Angered

hered Kougen KBS Box 1 0-533

AR A T T R e (2o

Figure B.7 Angered KBH3 Box 1 [0.0—5.73 m]

S.¥3- 1

Lwacdsbossen KBH3 Box T A

L —
Figure B.8 Angered KBH3 Box 2 [5.73-11.29 m]

!’ Avicrcskeosion KSRZ Bor 3 W24 - 14,00 SLuT e |

e S S s

Flgure B.9 Angered KBH3 Box 3 [11 29-14.00 m]
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Figure B.10  Ale KBH1 Box 1 [0.0-5.70 m]
ALEKpss KBH1 Box 22 57-11,55

Figure B.11 Ale KBH1 Box 2 [5.70-11.55 m]

ALEXROSS KBH1 Box 2 I,55-[4ip SLUT -,l = B

. S

w — . ¥ z sy P

Ale KBH1 Box 3 [11.55-14.10 m]

Figure B.12
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Ale

! ALEKROSS KH!I Box1 o— 5@

[
! D :

B SN P T AR
Figure B.13 Ale KBH2 Box 1 [0.0-5.60 m]

LEKRDS K81 fopd 540- 130

Ale KBH2 Box 2 [5.60-9.70 m]

Figure B.14
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Ale
rALEK%E% KBH 3 JRoxl O-s3c o - . = | & -

X - ” ‘- - ; > A‘. ‘ 5, v
Figure B.15 Ale KBH3 Box 1 [0.0-2.30 m + 0.0-0.85 m]
ALEKRRSS Kbt 3 Box L O F=325

Figure B.16 Ale KBH3 Box 2 [0.85-3.25 m]

J‘I-—\R - 7 TR WP W

MEXROSS KBHZ Boy 2 S5 —

Figure B.17 Ale KBH3 Box 3 [3.25-4.02 m]
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Tanum

TANUM KBY 7 &DIP 60° Box7 000—S,s
¢ S IR R N

R AR A, . WA W s

== i ; : . = |
Figure B.18 Tanum KBH1 Dip 60 Box1 [0.0-5.65 m]

TANUM KBH 7 DIF &o-

T Box 1

5465-6.25 se

Figure B.19 Tanum KBH1 Dip 60 Box 2 [5.65-6.25 m]

TANUM  hBH 7 DIP 83* Box 7 00—l B o e or s ) |

Figure B.20 Tanum KBH1 Dip 83 Box 1 [0.0-5.65 m]
TANUM  KBK 7 PTP 83° BoX 2 S5 —-€,25 .. ‘1"

Figure B.21 Tanum KBH1 Dip 83 Box 2 [5.65-6.25 m]

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38

Xi



Tanum

- TANUM k8w 2 DIP 60° Box 7 006 — 445
& O RN W L B B W

S685—62&5LUT

Figure B.23 Tanum KBH2 Dip60 Box 2 [5.65-6.25 m]

== TANUM KBhH 2 DIP 8[° BoX<7. §0.00—&§3#0

Rkt o FRE NS T Rk

2 3

S B e i

Tanum KBH2 Dip 81 Box 1 [0.0-5.70 m]

Box 2 2 570 —4 30 SLUT : —ﬂ

S 7
Figure B.24
= JANUM  wBy 2 DIP "8)°

Figure B.25 Tanum KBH2 Dip81 Box 2 [5.70-6.20 m]
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Tanum

TANUM KB# 3 DIP 60°  BOoX7 0,00—575

LiBoer I, L B . S

T G B L s I 7 IR o (AN

Criog®

5]

S : = . -
Figure B.26 Tanum KBH3 Dip 60 Box 1 [0.0-5.75 m]
T JAMWM KB# 3 DIP 60° Box2 &7

Figure B.27 Tanum KBH3 Dip 60 Box 2 [5.75—7.05 m]
_JANUM kBt 3 DIP 85° BoX 7. j
SRR T s v R ¢ gl VRO SRR | ‘

000 — 575

Figure B.28  Tanum KBH3 Dip 85 Box 1 [0.0-5.75m]

Box 2 575 = 6.25 SLYT

Figure B.29 Tanum KBH3 Dip 85 Box 2 [5.75-6.25 m]
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Forserum

Figure B.30 Forserum KBH1 Box 1 [0.0—~7 m]
~FBRSERUN  KBHI BXZ ~3—~ (3.0

I e = == S|

Figure B.31 Forserum KBH1 Box 2 [~7 — ~13 m]

T T TS A

— - B e

Figure B.32 Forserum KBH1 Box 3 [~13-16.32 m]
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Forserum
T FORSERUM  KBHZ BOX 1 030~ #8725 _

R Ry SR s

T ——

Figure B.33 Forserum KBH2 Box 1 [0.30—7.75 m]
FORSERUM _ KBH .2 BOXQ Zze  Mog

Figure B.34 Forserum KBH2 Box 2 [7.75-14.04 m]

,:1712—52‘71‘2(/‘/“ K2 BoX 3 4if 3030

Figure B.35 Forserum KBH2 Box 3 [14.04-20.30 m]
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Figure B.36 Forserum KBH3 Box 1 [0.0-6.50 m]

ORSERVN FFE4H 3 EoX2 6,50 - 13,5

Figure B.37 Forserum KBH3 Box 2 [6.50-13.5 m]

SRCERU M KEH 5 BoX 5 52

N at———inen

faa

e, A A SO ANG PRI NG st >
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Figure B.38 Forserum KBH3 Box 3 [13.5-20.2 m]
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APPENDIX C - Blast journals and drill reports
Ale

SPRANGIOURNAL

Borr och laddata

Checklista fare spréngning

Resultat

Vibrationsmatning
MiEtpias mmy
gt mm/fsi.
Dvrigt
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Ale

QuarryX
Map View

mm_mm::m Engineer:
Fredrik Broberg

g
Tlient:

" Alingsas Sprangtjanst
Site:

Ale
Project:

2014-02-20

Scale1:346
0

Q

O Vibration Measurement Required

* Hole Deviation Survey Data attached

)

Remarks:

Printed at: 2014-02-20 11:41:02
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Angered

SKANSKA

SPRANGJOURNAL

Diatum 2014-03-24 Salva nr 314
Tid 15:08 Ovre pall Ja, till hdger om ramp, skj.nkt. 70 1°
Takt Angered Medre pall
Borrvagn 122101 Borrare  Mikael Johansson
Borr & laddata
Borrning Laddning
Antal Borrmeter 1939,6 meter Fordyn
Antal hal 54 st Exam 113 kg
Férsatining 2.6 meter Forcit Kemmiitti 510
Halavstand 3,6 meter Orica Centra Gold 80
Borrhalsdiameter 89 mm EPC Blendsx 70 15 980 kg
Hallutning 14 grader Booster 83 kg
Checklista fére Spriangning
Borrning Ok Bottentdndare 24 -27 m 83 st
Borrhalsmatning _ Ok
Laddning Ok
Tandplan Ok Topptandare 7 8m7Yst
Checklista Ok Kopplingsklock
Riskomrade _ Ok SLO 1 st
Litrymmning _ Ok SL9 18 st

SLA17 b st
Vader  Latt molnigt. SL 2R 70 st

SL42 12 st

SL &7
Besiktning av salva, efter sprangning SL 109

Borat fill: + 81.5.

Dieselfdrbrukning: 1050 liter,

Resultat

Sprangimne totalt 16 176 kg Spec laddn kg/m?

Bergi Ton 48 600 ton Max laddn/hal 192 kg
Vibrationsmatning

Matplats 1 Matvarde 1

Matplats 2 Matvarde 2

Matplats 3 Matvarde 3

Matplats 4 Matvarde 4

Ovrigt

1:a Koordinat East: 495094 North: 36043.7
2:a Koordinat East: 49501.1 MNorth: 360836

Transport borrvagn

Spréngarbas: Daniel Pettersson
20t4-4-11 Tenr (104483317

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38 Xix



Angered

Takt: Angered Tindare antal HotShot antal
Borrperiod: 17/2-4/3 4,8 m 0 st 6,0 m 0 st
Borrare: Micke 7.8 m 0 st 10,0 m 0st
Borrvagn: D7c 10,2m Ost 15,0 m 0 st
Rikt: 70.1° 12,0 m Ost 20,0 m 0 st
Forsittning forstarad: 3.5m 150m Ost 250m 81 st
Forsittning andra rad: 2.6 m 18,0 m Ost 30,0 m 3st
Halavstand: 3.6m 21,0m  2st

Underborrning: 1.5m 240m 49st

Ovre/nedrepall: dvre 27,0 m 33 st

Borrdiameter: 89 mm 30,0 m Ost

Hallutning: 14° 36,0m Ost

Antal rader: 9 st 42,0m Ost

Borrhal: 84 st

Borrmeter: 1939.6 m

Antal ton: 85853

Antal ladd m: 1788.4

Springimne/m: 7.4

Springmedel: 13234 ke

Borrat till: 81.5m

Gaddar i botten: nej

Proppgrus utlagt: ja

Medtag vattenpump:  nej

Vig for laddbil OK: ja
Ovrigt:

ANGERED
25 249
23 241 242 242 242 243 25 242
22.6 23.9 243 242 239 242 243 242 239
22 23.5 23.6 24 24 23.9 24.1 243 243 244
21.8 22.9 234 23.6 238 237 24 242 242
206 | 20.6 21.2 22.6 22,5 223 23.1 23.7 23.4 239 238
222 209 20.7 21.5 224 227 233 22.8 234 23,7
23 224 227 225 214 221 21.9 228 227 224 227
232 227 224 229 223 21.8 222 22 222 225
226 223 224 21.9

Underborrning: 1.5m
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Tanum

BOHUS

BERGSPRANGNING AB

Prosjekt: Palen-Tanum
Salve nr: 126
Utskriftsdato: 09.04.2014 03:40

Salvrapport

Plats:

Salve-ID:

Salve-nr:
Springarbas:
GPS-position:
Planlagd sprangning:
Faktisk skjutet:
Salvplan registrerad:

Sprangjournal registrerad:

Revideringstidpunkt:
Revideringsnummer:

Kommentarer till revidering :

Original salverapport

0/300
630
126

Andreas Haugerud (BOHUS BERGSPRANGNING AB)

Inte angett
3/3/2014 2:15:00 PM
3/3/2014 2:15:00 PM
4/8/2014 7:17:20 AM
4/9/2014 3:37:35 PM
4/9/2014 3:37:35 PM
1/1

Se revideringshistorik for ytterfigare detaljer
Salvdata
Salvhal
Plan Rapport Awikelse
Borrdiameter mm 70 70 0
Forsattning m 2.0 2.0 0.0
Halavstand m 2.5 2.5 0.0
Underborming m 1.0 1.0 0.0
Forladdning m 1.2 1.2 0.0
H3l per detonation st 1 1 0
Hallutning grader 11.2 112 0.0
Bottenladdning
Patronlangd mm 560 560 0
Patronvikt gram 2080 2300 220
Patroner per hal stk 2 1 1
Pipladdning
Densitet ka/l 0.00 0.00 0.00
Patronlangd nm 560 560 0
Patronvikt agram 1600 1600 0
Langd mellandack m 0.0 0.0 0.0
Haldata
Salvhal
Rad Antal hdl Borrdjup
1
7 3
2
7 3
3
7 3
4
7 3
5
7 3
6
7 3
7
7 3
8
7 3
9
[ 3
10
[ 3
11
[ 3
12
[ 3
13
5 3
14
5 5
15
3 3

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38
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Tanum

Berakningar

Salvhal
Teoretiska varden Plan Rapport Diff
Antal hdl stk 95 95 0
Borrmeter m 305.00 305.00 0.00
Volym L 863.24 86324  0.00
Vekt (2.6 t/m=) fonn 2244.43 224443 0.00
Sprangamnesfirbrukning kg 63601 61221 24.70
Bottenladdning kg 395.20 218.50 176.70
Pipladdning kg 24171 39371 152.00
Specifik laddning kg/m* 0.74 0.71 0.03
Max laddning per int. kg 11.82 1156  0.26
Faktiska virden
Borrmeter m - 305.00 -
Sprangamnesforbrukning () kg - 657.00 -
Specifik laddning @) kg/m? - 076 -
Avvikelse teori | faktisk
Borrmeter m - 0.00 -
Sprangamnesfarbrukning kg - 4479 -
Specifik laddning () kgfm? - 0.5 -

Fotnater:

(1) - Faktisk sprangamnesforbrukning baserar sig pa angiven produktfdrbrukning dar sprangamnesmangden ar hamtad fran ett produkiregister
(2) - Spedifik laddning anvander teoretisk volym som nimnare

Produktférbrukning

Produkter

Varunr Produkitnamn Mingd Enhet

60302005-6 HOT SHOT DETONATOR - 10M /5 M 98.0 stk
Poladyn 31 eco plastpalser - 50 x 550 431.0 kg
Poladyn 31 eco plastpalser - 60 x 550 226.0 kg

Borrmeter

Borrdimension Berdknad/teoretisk Borrmeter frin "

(mm) borrmeter (m) rigg (m) Differens

70 305 305 0.0

Salve-ID: 630. Tilldelning: 0/300
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Forserum

S0OM PIPLADDNING TILL 2.0M OLADDAT.
1 EXEM 33 SOM TOPPLADDNING.

1 HAL OLADDAT PGA STOPP.

4 RADER DJUP.

SPRANGJOURNAL
FORSERUM
SALVA: 14.01 DATUM: 2014-03-06 |TID: 11,15
AMTAL HAL: 118 LAGE: HOGA & LAGA SKJUTRIKTN. 2297
ANDRASTREDJEPALL
VOLYM: 21 984 TFM3
FORSATTHNING : 3,00 METER
HALAVSTAND : 4,00 METER
ANTAL BM: 1948 METER
VIKT: 65 952 TON
PALLHOJD : 15,79 METER
HALDIAMETER : 89 mm
UNDERBORRNING : 1.0 METER
HALLUTNING : 14 GRADER
MAX LADDMING / HAL : 145 KG | DX
SPRANGAMME | SALVAN:
ANTAL KG ANTAL KG 1 DX
PENTEX 1KG 0,0
BP.BOOSTER | 1KG 116,0 2088
BLEMDEX 70 13605,0 100677
CENTRA GT 0,0
POLADYN 50x550 0,0
POLADYN 55x550 0,0
EXEM 50x475 0,0
EXEM 55x490 175,0 159,3
FORDYN 55x560 0,0
FORDYN 50x560 0,0
SUMMA 13896,0 104358
KG /M3 1DX 0.47
BM ./ M3: 0.089
LADDMING: 1 BOOSTER SOM BOTTENLADDNING. BLEMDEX 70

TANDNING :  MS475 SOM BOTTENTANDARE. MS500 SOM TOPPTANDARE.
DY-17 | FRAMKANT. DY-42 RAKT BAKAT

LADDTID : JIMMY ANDERSSON 7 TIM
JENS ALVERUP 7 TIM
DENMNIS PERSSON 7 TIM

RESULTAT: EBRAl

BORRAD AW BEMNY

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38
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Forserum

OVRIGT : HALMATHNING UTFORD AV LOUISE 252
SPRAMNGDES 7/3 KL.11,15 (ATTIKA SLUT &/3)
VIBRATIONSMATHNING :

Snuggarp 2:7 mms
Maletorp 1:1 mm/s
Krokesbo 1:4 mm's
Boarp 1:51 Pa mm/s
UTFORT ENLIGT CHECKLISTA LOSSHALLNING: | X

UTLASTHINGSHIVA: SKALL VARA +2584M. FOR HOGT FRAMFOR HOGPALL
KOORDIMATER:

HAL 1: X 6397325.289 Y 470168365 7 303.610

HAL 29: X 6397286.044 Y 470268.206 Z 295.550

XXV CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2014:38



Forserum

XXV

BORRPLAN
SKANSKA ASFALT&BETONG
BERGTAKT: Forserum FORSTARAD: 3,0 BORRKRONA: 89 SKJUTRIKTN.GRADER: 229 DATUM: | 12/11-2013 v46
BORRARE: Benny Henriksson FORSATTNING: 3,0 HALLUTNING: 14 STYRSTANG 51 MM: ANTAL KRONOR: 4
BORRMETER: 1948,1 HALAVSTAND: 4,0 RADER BRETT: 29 STYRROR 64 MM: KASSERADE STAL: 1
ANTAL HAL: 116 BORRAR TILL +/-: | ### RADER BAKAT: 4 STYRROR 72MM:
1 2 3 4 5 5 7 8 9 10 112131415 16 17 18 19 20 21 2 23 2 25 2 27 28 29 30 31 32 33 3435 36

14,0]14,3(144113,8(13,8(13,2|13,1]|13,5]14,0]13,8(13,8]|13,9|13,8]13,7]13,2(13,9]14,0]| 144]|14,7|14,2|| 14,5]| 23,2 23,3| 24,2 | 23,8| 24,1] 23,9] 23,9 24,2

138]14,2(142]114,0(14,2(13,9|13,7|13,7]|14,4]139(13,9]| 13,71 13,3]|13,8]13,4(143|14,5| 14,2]| 14,7 | 14,2 || 14,7 | 24,1 24,8| 24,3 | 23,4| 24,1] 23,6 23,7 | 24,1

143114171390 14111a5[ 14111431 145] 143140134138 142 135] 140142143141 145142126 | 24,6 | 24,7| 24,4 | 23,5| 23,7 | 23,5] 24,2 | 24,3

14,0 | 14,1 13,9] 13,9144 | 144 | 14,9 | 14,3| 14,0 14,0 14,4 13,8 13,9]| 13,5]13,7(13,8] 14,7 | 14,4 14,7 | 14,0 (| 14,3 | 24,3| 24,1 24,0( 23,9]| 23,8|23,3| 24,0| 24,4

(S
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APPENDIX D — Samples before and after LA-test

Pictures to the left: Samples before LA-test
Pictures to the right: Samples after LA-test

Angered

e

Figure D.1 145282 Rock core gneiss 1 Angered

Figure D.2 145308 Crushed rock base course gneiss 1 Angered

-

Figure D.3 145283 Rock core gneiss 2 Angered
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Figure D.4 145309 Crushed rock base course gneiss 2 Angered

Ale

Figure D.7 145395 Crushed rock cobbles black gneiss Ale
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Figure D.10 145396 Crushed rock cobbles red gneiss Ale

Tanum

Figure D.11 145263 Rock core gneiss Tanum
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Figure D.12 145279 Crushed rock cobbles gneiss Tanum

Figure D.15 145285 Rock core mixed Tanum
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Figure D.16 145254 Crushed rock mixed base course Tanum

Forserum

Figure D.17

i e _|
Figure D.18 145264 Crushed rock base course dolerite 1 Forserum
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Figure D.19

Figure D.20 145265 Crushed rock base course dolerite 2 Forserum
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APPENDIX E — Laboratory reports

Ale
SKANSKA

Analys Stenmaterial Provrummer 115140314 Sidan 1 avd
Bestallare Provtagningsdatum Analys datum
Chalmers tekniska hogskola 2014-02-20
Ankomstdatum I0- nummess
Mazkingrand 2 2014-0313 145261
412 58 Gaeborg Prowtagare Provtagningsplats
Hontakiparson EA/ SO Ale Quarry
Sofia Ojerbomn Oibjekt
Produkt SBUF 12040
Rock core - black gneiss Entreprentr
Leveranicr
Skanska Asfalt och Betong AB, Takt Alekrossen Markning
|Proveesuhst Virde L] Fraktion |
S5-EM 1097-1:2011, Bestamning av nimingsmotstand (Viki-3) B 10 - 14 rmm
Analysprov A[%): 78
Analysprov B (%) T8
S5-EN 1097-2:2010, Motsténd mot franmentaring (Viki-%) 15 10 - 14 rmm
Motering Orl nch daum
Andel av provet som passerar 8mm 25,2% Gunnilss, 201403 27
Andel av provet som passerar 63mm 8 0%
Andel av det som pass. Bmm som pass. 83mm 32,00 p,
AT N
( x_-f’{‘iﬁ_{z;-_ﬂi. - f':f o
Madelsing Matsson, lab Brestandasa

Donna apoor mdsio demes | sin belhal Provresuisiol ovsor kvl prov. Ml s Bkerhatsista, melodovsiegsisia och meindisty har Svedfimnais wd konirskisgenompng |

‘Skorska Svarga AR
Taknik - WTC

M eins

424 57 Gunnilsa

XXXIi

Bostksadross Tokslon re Org.re E-post

Ragardssigon, Laboraioniat D1D-4E4 367 556033 0RE madelaing matssoni@shanska 5o
Erymalsans sda Tokefa v VAT nr Intemat adiess

Saina 031-943335 SE 563000022901 warw shanska 5o
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SKANSKA

Analys Stenmaterial Proviummer 115140316 Sidan 1 avi
Bestallare Provtagningsdatum Anglys datum
Chalmers tekniska hogskola 2014-03-25
Ankomstdatum ID-nummer
Maskingrand 2 2014-03-25 145208
412 58 Goeborg Proviagare Proviagningsplats
Kontakdperson EA/ SO Ale Quarry
Sofia Oerbom Cibjekt
Prroduki SBUF 12040
Crushed rock - black gneiss Entreprandr
Leverantdr
Skanska Asfalt och Betong AB Takt Alekrossen Markning
[Proveesuhat T Varde | Fraktion |
S5-EM 1087-1:2011, Bestamning av niningsmatstand (Vi3 12 10 - 14 mm
Analysprov A[F): 11,5
Analysprov B (%) 121
SS-EN 1007-2:2010, Motstand mot fragmentaring (Vikt-%) 23 10- 14 mm

Motering

Anaky s av provet som passerar Bmm 47,6%
Analys av provet som passerar &,3mm 23,3%
Anaky s av det zom pass. Bmm som pass. 63mm 49,08

O pch datum
Gunniss, 2014 0328

rvﬁﬁiﬂ-"

,j .:!"'{%1 .

Madelaing Matsson, lab restindara

Dama 1 mdsle diemes | sin helhal Froviesufiziol ovser evereral orov. M osikorhabsista, melog shsia och meindsia har dverdmnais wd koniraklsgenomyging
Ekarsha Svanga A2 Bestksadrass Talalon re Orgre E-post
Tiknik - VTG Ragsdssagan, Labarainrial HO-&484267 556033 G086 madelaing. matssori@skanska so
M s185 Symalsans sia Talela VAT e Inlomai adioss
424 57 Gunnilsa Solna 031-94:3335 SE 663000022001 wearw shanska sa
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SKANSKA

Analys Stenmaterial Provnummer 115140430  Sidan 1 av 1
Beetallare Provtagningsdatum Analys datum
Chalmers tekniska higskola 2014-04-22 2044-04-24
Ankomstdatum ID-nummer
Maskingrand 2 2014-04-22 145305
412 58 Gaeborg Proviagare Provtagningsplats
Kontakiparson EASO Ale Quarry
Sofia Oerborn Oibjekt
Produki SBUF 12840
Crushed rock - black gneiss, cobble Entreprants
Laverantir
Skanska Asfalt och Betong AB, Takt Alekrossen Markning
Proweesultat i ___ Virde |  Fraktion |
S5-EM 1087-2:2010, Motstand mot fragmentering (Viks-%) 18 10- 14 rmm
Mobering Ol pch datum
Analy s av provet som passerar Bmm 35, 5% Gunnil=sa, 30140424
Analy s av provet som passerar §,3mm 9.8%
Analy 3 av det som pass.Bmm som pass.&3Imm 27,7%
A i
A, fidure
L
Madelaing Matsson, lab #restandara

Dama 1 mdsle dismes | sin helhal Proviesoiziol ovser el prov. Mlesikernais stz melod shsia och meipdsia har deidmnais wWd konirklsgenomping
Skarsha Svonga A Besthsadrass Takelon re Cegre E-post
Takndk - ¥TC Ragaedmyagan, Laborainrist HD-&454267 556033 G086 madclaing matssoni@sbanska so
P i8S Eryrolsons sia Tokehm nr VAT ra Inlomat ados:
424 57 Gunnilsg Salna 0331243335 SE 6530022001 weew skanska sa
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SKANSKA

Analys Stenmaterial Provnummer 115140315 Sidan 1 avi
Besiallare Provtagningsdatum Andlys deftum

Chalmers tekniska higskola 2014-02-20

Ankomstdatum IC-nummer

Mazkingrand 2 2014-03-13 145262

412 58 Goeborg Proviagare Provtagningsplats
Kontakiparson EA/ SO Ale Quarry

Sofia Ojerbom Cibjekt

Produkt SBUF 12040

Rock core - red gneiss Entreprants

Lawarantar

Skanska Asfalt och Betong AR Takt Alekrossen Markning
Proveesutat o d_ Varde '\ Fraktion |
S5-EM 1087-2:2010, Motstand mat fragmentering (Viki-%) 20 13- 14 mm
Motering 0 pch datum

Andel av provet som passerar 8mm 31,2% Gunnilse, 201403 27

Andel av provet som passerar 6.3mm 10,5%
Andel av det som pass. 8mm som pass. 63mm 33,7%

'
( {;ﬁ’mﬁ,- i
L
Madelaine Matsson, lab irestandara

Dema 1 milsin fames | 3 helhal Proviesultsio! ovsor kveral prov. M3irsSkerhobsista, malod siisin och memdist har verAmnats wd oninkisgenomging
Shorsha Svanga AR Bostksadross Talelon re Oegrw E-post
Teknk - VTG Ragaedevagan, Laboraiont MO-484 267 CLE033. GOEE madelaing matssori@skanska se
P s185 Eryrolsans s¥o Tokfm mr VAT Inlomal adross
424 57 Gunnilsa Balna 031243335 SE 663000022001 weew shanska sa
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SKANSKA

Analys Stenmaterial Proviummer 115140318 Sidan 1 av1
Bestallars Provtagningsdatum Analys datum
Chalmers tekniska hogskola 2044-03-25
Ankomstdatum I0-numimes
Maszkingrand 2 2044-03-25 1452040
442 58 Gieborg Prowvtagare Prowtagningaplats
Kontakiparson EA/ S0 Ale Quarry
Sofia Ojerbomn ikt
Produkt SBUF 12040
Crushed rock - red gneiss Entreprendr
Laverantdr
Skanska Asfalt och Betong AB, Takt Alekrossen Mzrkning
Provresuttat i ___ \Vade ____ Fraktion |
S5 EM 1007-2:2010, Matstand mot fragmentaring (W ike-5) 2 10 - 14 mm
Mokering O pch catm
Analys av provet som passerar fmm 54,6% Gunnilss, 20140328
Analys av provet som passerar §,3mm 22,6%
Analys av det som pass. BEmm som pass. 6,.I3mm 41,4%
W ra |
Lfﬁg’ﬁwﬂi;_ p. 7
L
Madelana Matsson, lab Wrestindara
Dama 1 mdisla diemes | sin halhal Provres oisto! ovsar levsrsnal orov . Mies Skerhatsisis. melocovsiensiisia och metndity tardverddrnais wd korirasi=genomping
Skorsha Svanga AS Bostksadross Talalon re Oegrw E-post
Teknik - VTG Ragardssagan, Laborainriat 0 D-4484267 556023 9086 madcdaing. mats soriisbanska s
M s1es Shymolsons sl Tokelm: WAT ra Inlomal admss
424 57 Gunnilsa Salna 031243335 SE 653000022001 wrw skanska sa
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SKANSKA

Analys Stenmaterial Provnummer 115140420 Sidan 1 avi
Bestallare Provtagningsdatum Anglys detum
Chalmers tekniska higskola 2014-04-22 2014-04-24
Ankomstdatum I0-nummer
Maskingrand 2 2014-04-22 145308
4412 58 Gaeborg Proviagare Prowvtagningsplats
Kontaktperson EASD Ale Quarry
Sofia Oprborn Oibyeki
Produki SBUF 12840
Crushed rock - red gneiss, cobble Entreprants
Laverantdr
Skanska Asfalt och Betong AB, Takt Alekrozssen Mzrkning
Provresuttat i \Vade |  Fraktion |
S5-EN 1007-2:2010, Motstand mot fragmentaring (Viki-%) 24 10- 14 mm
Mobering Ol och derum
Analy s av provet som passerar Bmm 34, 6% Gunnilss, 2014 04-24
Analy s av provet som passerar 6.3mm 0.7%
Analy s av det som pass.Bmm som psst, Imm 30,6%
,uﬁ"}é':-v; ‘P'J,,_-;;"Fru
Madclaing Matsson, lab Wrestindara
[ 1 mdsin tarmes | 3in helhal Provesulisio ovse versml prov. Mllmskernatsista melos sista och Matndista har SvenAmnats wd koniTakl sgenompang
Skoresha Svonga AR Bontksadross Talelon re Oegre E-post
Taknik - WTC Ragarde sgan, Labarainriat 04424257 556033 G086 madelning matssoni@shanska so
M &1Bs Sryralsons s Tokslm: nr VAT Inlomal adoss
424 57 Gunnilsg Solna 031-243335 SE 653000022001 wewew skanska so
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Angered

SKANSKA

Analys Stenmaterial Provnummer 1151402312 Sidan 1 avi
Bestallare Provtagningsdatum Analys datum

Chalmers tekniska hogskola 201 4-03-11

Ankomstdatum I0-nummies

Mazkingrand 2 2014-03-18 1452682

442 58 Gieborg Provtagare Prowtagningsplats
Kontakiparson EA/ SO Angered Cuarry

Sofia Oerbomn Oibjekt

Produkt SBUF 12840

Rock core - gneiss 1 Entrepranr

Laverantar

Skanska Asfalt och Batong AB, Takt Angeredskrossen Markning
Proveesuhat . Varde | ___ Fraktion |
S5EN 1097-1:2011, Best2mning av niningsmatstand (Viki-3) 15 10 - 14 mm

Analysprow A[%): 156
Analysprov B (%) 153

S5-EN 1007-2:2010. Motstand mot fragmentering (Vikt-3) e 10 - 14 mm
Mobering Or ch daum

Andel av provet som passerar 8mm 38,0% Gunnilsa, 2014 03 27

Andel av provet som passerar 8 3mm 10,09

Andel av det som pass. 8mm som pass. 6,3mm 264%

A .
I'.’r""g;ﬁ{” L ﬁd"’l"#a_
L
Madelaing Matssom, lab Wrestindars

Cema ot o] ] 25 | 5N helhal Provissullsiol gveor leverenal prov. MImsRkorhaisisls. meloss slisia och meind sk far dveridmnats vid koniraklsgenomgang
Skoresha Swariga AR Bentknadrass Talelon re Orgre E-post
Taknik - VTC Ragasdwragan, Laboraiona HO-&4B4267 E5E03. G086 madelaing. matssoni@shanska s
M e85 Siymalsons s8a Tolofa rw VAT e Inlomal adioss
424 57 Gunnilsa Solna 031043335 SE 663000022001 wearw skanskna sa
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SKANSKA

Analys Stenmaterial Proviummer 115140321 Sidan 1 avi

Bestallare Provtagningsdatum Analys datum

Chalmers tekniska hdgskola 2014-03-26

Ankomstdatum I0- numimer

Maskingrand 2 2014-03-26 145308

412 58 Goeborg Proviagare Proviagningsplats

Kontakiparson EA/ S0 Angered Quarry

Sofia Orbormn Oibgerkt

Prrodukt SBUF 12040

Crushed rock - gneiss 1 E mireprendr

Laverantar

Skanska Asfalt och Betong AB, Takt Angeredskrossen Markning

Provesubtt i Varde *___ Fraktion __|

S5-EM 1087-1:2011, Bestamning av nomingsmotstand (Vikd-3:) 7 10 - 14 mm

Analysprov A% 17.2
Analysprov B (%) 166

SS-EN 1067-2:2010, Motsténd mot fragmentering (Viki-9) 29 10 - 14 mm
Motering Ol pch daum

Analy 5 av provet som passerar 8mm 2,3% Bunnise, 20140378

Analy s av provet som passerar §,3mm 4,8%

Analy s av det som pass. Bmm som pass. B.3mm 22.5%

;rvfﬁl‘? )(éé .;_' ar
Madalaing Matsson, lab forestandaro
Dema Tl deres | SN healtat Provrssuitatol ovsar verenl onov. M3l akematsista Mo shstn ooh Metnclista far st Amnats wa kontrakisgen ompgang

Skarska Svanga AR Bentknadrass Talalon re Org e E-post
Teknik - VTG Ragaedewigan, Laboraionat 0454267 556033 G086 madclaing. mats soni@skanska so
M E185 Sryrolsons sia Tololm: VAT mr Inlomat adoss
424 57 Gunnilsa Salna 031-943335 SE 6E3000022001 wwrw skansko 5o
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SKANSKA

Analys Stenmaterial Proviummer 115140313 Sidan 1 av1
Beetallare Provtagningsdatum Andlys datum
Chalmers tekniska hdgskola 201 4-03-11
Ankomatdatum I0- nummer
Maskingrand 2 2014-03-18 145263
412 58 Gaeborg Proviagare Proviagningsplats
Kontakiperson EA/ S0 Angered Cuarry
Sofia Oerbomn Cibjekt
Produkt SBUF 12040
Rock come - gneiss 2 Entreprants
Laverantor
Skanska Asfalt och Betong AR, Takt Angeredskrossen MErkning
Provresultat 1 Vide | _ Fraktion |
S5 EN 1007-2:20110, Motsténd mot fragmentaring (Viki-9%) & 10 - 14 mm
Mokering O och datum
Andel av provet som passerar Bmm 37,3% Gunnilsa, 2014 0327
Andel av provet som passerar 6,3mm 11,8%
Andel av det som pass. Bmm som pass. £3mm 3, %%
Lf'"" f‘_‘:‘&’:‘.-'; j.d’lll‘:s"".-'.._ )
Madelaing Matsson, lab forestandara
Dama 1 mddo diemes | sin helhal Provice UNietod avee el onoy. Maloskamas isla Wﬂlmm!l:—ﬂ ofh maindst 'J'ﬂ?ﬂ‘ﬂa:—mmﬂl'ﬂﬂﬂum I
Shoreska Svenga AB Bostksadrass Tolelon re Oeg.rw E-post
Teknik - VTC Ragsde Sgan, Laboraionial HO-434257 556033 086 madclaing matssoni@skanska s
M e1Bs Shylsans silo Tololm VAT rw Inlomal adoss
424 57 Gunnilsa Ealna 031-43335 SE 663000022001 wwew shanska sa
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SKANSKA

Analys Stenmaterial Provnummer 115140322  Sidan 1 av{
Beetallare Provtagningsdatum Analys datum

Chalmers tekniska hogskola 2044-03-26

Ankomstdatum I0-nummes

Maskingrand 2 2014-03-26 145309

4412 58 Goeborg Proviagare Proviagningsplats
Kontakiperson EA/! S0 Angered Quarry

Sofia Orbormn Oibjekt

Produkt SBUF 12840

Crushed rock - gneiss 2 Entreprantr

Laverantar

Skanska Asfalt och Betong AR Takt Angeredskrossen Markning
e Varde L] Fraktion |
S5-EM 1007-2:2010. Motsténd mot fragmentering [V ikt-9) 24 10- 14 mm

Hiobering

Analy s av provet som passerar 8mm H, 3%
Analy s av provet som passerar §,3mm 4.6%
Analy s av det som pass. Bmm som pass. 6,.3mm 22,5%

mf'éﬁwx

O nch datum
Gunniss, 20140328

ffa:!'?’m .

Madelaing Matsson, lab farestandars

sisin och metnd sty rardeer rnas Wl konirak] s

Cammna 1 misa Memes | s halhal Proviesuilsiol ovsar kvessnad prov. Ml ikenasisia melnd
Skareka Svariga AR Bestknodrass Taklon re Oeg e
Teknik - WTC Raigiedewigan, Laborainrial HD-&424267 556033 085
M &iBs Eryraleans sia Tokolm: rr AT e
424 57 Gunnilsg Solna 031043335 SE 653000022001
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Tanum

SKANSKA

Analys Stenmaterial Proviummer 115140307  Sidan 1 avi
Beetallare Provtagningsdatum Analys datum
Chalmers tekniska higskola 2014-02-27
Ankomstdatum 10 numimsr
Maskingrand 2 2014-03-13 145263
412 58 Géeborg Provtagare Proviagningsplats
Kontakiperson Geo-gruppsn Tanum EE
Sofia Oprbom Cibjekt
Produkt SBUF 12040
Rock core - gneiss Entreprendr
Laverantor
Skanska Sverige AB Markning
Prowesulet . Varde | Fraktion |
S5 EM 1007-2:2010, Motsténd mot fragmentaring (Vikt- %) n 10 - 14 mm
Motering Ol pch datam
Andel av provet som passerar Bmm 24,9% Gunniss, 20140226
Andel av provet som passerar 83mm 4,9%
Andel v det som pass. Bmm som pass. 6.3mm 19,6%
A .
At o
L
Madalaing Matsson, lab irestindasa
Cama 1 mdsio iemes | 5in helhol Provresultaiol ovsor kevsersral oroy. Ml tkorhats ista, meloo sh=a ooh metodsia har Sveddrnats Wd koniraris: onging
Shorsha Svonga AS Bostksadrass Talelon re Oegre E-post
Taknik - VTC Rigaedsragan, Laborainne HO-L454267 E5E033. B0B6 madeking. mas soni@shanska se
Meies Seyralsans sila Tolkela e WAT ru Iniemel adess
424 57 Gunnilsa Scina 031-943335 SE 5E3000022001 wwrw skanska g
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SKANSKA

Analys Stenmaterial Proviummer 115140304 Sidan 1 avi
Beetallare Provtagningsdatum Analys datum

Chalmers tekniska higskola 2014-03-05

Ankomatdatum IC-nummes

Maskingrand 2 2014-03-14T7 145279

412 58 Goeborg Proviagare Proviagningsplat=s
Kontakiperson EA/ S0 Tanum EEB

Sofia Oerbom Cibjekt

Produki SBUF 12040

Crushed rock - gneiss Entrepranar

Laverantdr

Skanska Sverige AB Markning
Provresuhat Virde | ___ Frakfion |
55-EM 1007-2:2010, Motstand mot fragmentaring (Vike-9) 4 10- 14 mm
Motering O nzh datum

Andel av provet som passerar 8mm 33,6% Gunnisas, 20140625

Andel av provet som passerar 63mm 10, 7%

Andel av det som pass. 8mm som pass. 6,3mm 3,0%

¢ |
L’,r'fff ERre., e
L
Madelaing Matsson, lab #2restandara

Dama 1 mdsio s | sin helhal Provies uisol svsor everenl oroy. Mllosikernaisista melos sisin och meindish far vedlisnals wd konirsklsgenomging ]
Skarsha Svonga AL Beosthsadrass Talelon ne Orgrr E-post
Taknik - WTC Ragisdmigan, Laboraionict HO-4454267 556033 G086 madedning. matssoni@skanska s
M s185 Siyalsans sila Tolelm nr VAT rw Iniomal admss
424 57 Gunnilsa Solna 031-M43335 SE 663000022001 weew shanska sa
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SKANSKA

Analys Stenmaterial Frovnummer 115140305  Sidan 1 avi
Bestallare Provtagningsdatum Analys detum
Chalmers tekniska higskola 2044-02-27
Ankomstdstum I0-nummer
Maskingrand 2 20140313 145266
412 58 Géeborg Prowviagare Prowtagningsplats
Hontakiperson Geo-gruppen Tanum EE
Sofia Ojerborn Oitwekt
Produkt SBUF 12240
Rock core - Bohus granie Entrepremis
Laverantir
Skanska Sverige AB Markning
Proweesuhtat i VWade |  Fraktion __|
S5-EM 1097-2:2010. Motstand mot fragmentering [V iki-%) 4z 10 - 14 mm
Mobering Ol nch datum
Andel av provet som passerar 8mm 14,1% Gunnilsa, 2014 03 25
Andel v provet som passerar 6,3mm 2 6%
Andel av det som pass. Bmm som pass. 63Imm 18,5%
"’fﬁ{” ,@"f i
Madclaing Matsson, lab restandara
Dama 1 mdso Memes | 5N helhal Proviesuitsio! ovsor eversral orov. M osBkarhabsisia Hﬂlﬂ:msl:ﬂ ioch meindista 'd'ﬂl?ﬂ‘ﬂﬂ\“m.ﬂl'ﬂﬂﬂum I
Shoresha Svariga AD Bentksodrass Talelon re Oeg.rw E-post
Taknik - VTG Raigéedewagan, Laboralorial [ D-&424 267 556033 G0BE madclaing matssoni@shanska sa
Me1es Shyrolsans silo Tokelm nr WAT nr Inlomal adoss
424 57 Gunnilsa Solna 0313335 SE GE3000022001 wwew.shanska so
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SKANSKA

Analys Stenmaterial Provnummer 115140303  Sidan 1 avi
Bestallare Provtagningsdatum Anglys detum

Chalmers tekniska higskola 2014-03-05

Ankomstdatum I0- nummer

Maskingrand 2 2014-031T 145260

412 58 Goeborg Proviagare Proviagningsplats
Kontakiparson EA/ SO Tanum EE&

Sofia Oerborm Oibjekt

Produkt SBUF 12040

Crushed rock - Bohus granie Entreprants

Lewerantir

Skanska Sverige AB Markning
Prowresuhtat i Vide |  Fraktion |
55-EN 1097-2:2010, Motstand mot fragmentaring [V iki-%) 52 10- 14 mm
Motering Oirt nch datum

Andel av provet som passerar 8mm 24,4% Gunnilse, 20140325

Andel av provet som passerar 6.3mm 6 9%

Andel av det som pass. Bmm som pass. 83mm 28,1%

A |
Lfﬁfa:’fi&mﬂf iy 7.
L
Madclaina Matsson, lab restandara

Dema 1 mdsln demes | 5in bl Provrosulisot svsor leverenl orov. MrsSkerhasists. melosavsiegsist ooh metnd et tar vsdasnat wd kuntnklsjen omp ng ]
Shorsha Svanga AB Bostksadrass Talelon re Oeg.ew E-post
Teknk - VTC Ragasdssagan, Laborainria M O-2454267 E5E0G3. GOEE madelaing. matssori@shanska se
M 185 Erymelsans sila Tokeha nr VAT rr Inlemal adess
424 57 Gunnilsa Salna 331243335 SE 663000022001 wew shanska sa
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SKANSKA

Analys Stenmaterial Proviummer 115140306 Sidan 1 avi
B=eiallare Provtagningsdatum Analys datum
Chalmers tekniska higskola 2014-02-27
Ankomstdatum IC-numimes
Mazkingrand 2 2014-03-19 145285
412 58 Gokeborg Proviagare Proviagningsplats
Kontakdparson Geo-gruppen Tanum E&
Sofia Ojerbom Cibjekt
Produkt SBUF 12040
Rock core - Moed Entreprandr
Laverantir
Skanska Swverige AB Markning
Proveesultat o _1_____ Virde | ___ Fraktion |
55-EM 1097-2:2010. Motsténd mat fragmentaring (Vikt-3%) i3 13- 14 mm
obering Ot pch dartum
Andel av provet som passerar 8mm 23,5% Gunniss, 20140325
Andel av provet som passerar 6,3mm & 2%
Andel av det som pass. Bmm som pass. 6,3mm 28 4%
,f{"’ﬂ’?.r_,r "éfr 2 )
Madclaing Matsson, lab restandara

Dema 1 mdslo iemes | 5in helhal Provissutatol ovser levereal onoy. M3iosikehats it melodavsieqsisia och metndsia bar dverdenats wd konirakisgenomgang I

Ekoresha Svoriga A2 Bontksadrass Talelon e Oeg.rw E-post

Teknik - VTC Ragaeds sgan, Laboraiorial 04484257 556003 9085 madedning matssoni@shanska s
M 185 Siyralsons siia Tokolm: ra VAT ru Inlomal admss

424 57 Gunnilsg Solna 031-M3335 SE GE30000Z2001 wiwew . skanska =g
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SKANSKA

Analys Stenmaterial Proviummer 115140308  Sidan 1 avi
Beetallare Prowtagningsdatum Analys datum
Chalmers tekniska hogskola 2014-03-05
Ankomstdatum I0-nummer
Mazkingrand 2 2014-03-10 145254
412 58 Goeborg Proviagare Proviagningsplats
Kontakiparson EA/ S0 Tanum EE
Sofia Oerbom Objerks
Produkt SBUF 12640
Crushed rock - Mixed Entreprendr
Lawerantar
Skanska Sverige AB Markning
Provresubtat i ___ Vade __ . _ Fraktion __|
S5-EM 1097-2:2010, Motstand mot fragmentaring (it %) 43 10-14 mm
Mobering O och datum
Andel av provet som passerar Smm 34,9% Gunnise, 20140325
Andel av provet som passerar 83mm 126%
Andel av det som pass. 8mm som pass. 6,3mm 36,00
i e |
L;*‘v‘tgﬁﬂf&i’" y.
L
Madelaing Matsson, lab restandara
Dama 1 mdsio disrges | sin helhel Provesuisol ovser eserenal prov. M osSkarhaisista. melog shsin och meindisia far deriicnas wd konirakisgenomging
Skarska Svonge A2 Bentknodrass Talslon re Oeg e E-post
Teknik - VTC Ragéedesagan, Laboraionat HO-4424257 5560339086 madcdaing. matssoni@skanska se
M e1es Siymlsans silo Tololm: nr WAT rr Inlomai adross
424 57 Gunnilsg Ealna 031-943335 SE 5EA00NZ2001 wewew shanska so
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Forserum

SKANSKA

Analys Ste nmaterial Proviummer 115140340  Sidan 1 avd
Bestallare Prowtagningsdatum Analys datum

Chalmers tekniska higskola 2014-03-18

Ankomstdatum 10+ nummes

Maskingrand 2 2014-03-20 1452687

412 58 Gaeborg Proviagare Proviagningsplats
Kontaktperson Geo-gruppen Forserum Cuarry

Sofia Ojerbomn Oibjekt

Prrodukt SBUF 12040

Rock core - dolorite 2 Entreprands

Leverantor

Skanska Asfalt och Betong AB Markning

Krossen Forserum
| Proweesubat o ________i___ Varde | __Fraktion __|
S5-EM 1047-2:2010. Motstand mot fragmentaring (Vikt-%) 12 10 - 14 rmm
Nnteﬁng Ol och datum

Andel av provet som passerar 8mm 28,9% Gunniss, 2014 0326

Andel av provet som passerar 63mm 63%

Andel av det som pass. Bmm som pass. 6,3mm 22,00

T r |
oAt .
L
Madelaing Matssom, lah #restandars
Dema 1 mdgo iicmes | 50 helhol Prvosuitsio! sesor lovesoral prov. MYiosSkorhosisia, melod sisia oo meindista har Seoidmnas wd konirakisgonompéng |

Shoraka Svuriga AD Bentksodrass Talelon re Orgrw E-post

Taknik - VTG Ragérdmagen, Laboraionat HO-4454267 55033 M08 madedaing. matssori@shanska se
M s185 Srymalsons sia Tolefm: nr VAT Intemal adess

424 57 Gunnilsa Salna 031343335 SE 663000022901 wwew skanska sa
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SKANSKA

Analys Stenmaterial Provnummer 1151403090  Sidan 1 avi

Bastallare Provtagningsdatum Analys daum

Chalmers tekniska higskola

Ankomatdatum 10+ numimer

Maskingrand 2 2014-03-13 145264

4412 58 Gaeborg Provtagare Proviagningsplats

Kontaktparson EA/ SO Forserum Quarry

Sofia Ojerbom Objekt

Produkt SBUF 12040

Crushed rock - doloriie 1 Entreprands

Laverantdr

Skanska Asfalt och Betong AB Markning

Krossan Forserum

Provresultat Varde | ___ Fraktion |

55EN 1067-1:2011, Bestamning av nomingsmotstand (V-] 7 10- 14 mm

Analysprov Al%): 72
Analysprov B (%) T8

SS-EN 1097-2:2010, Motstand mot fragmentering (Viki-3) 14 13- 14 mm
Mobering Ol och daium

Andel av provet som passerar 8mm 33,0% Gunnilss, 20140325

Andel av provet som passerar 6, 3mm 13,7%

Andel av det som pass. 8mm som pass. 63mm 36,2%

oAie, foir.
Madalaing Matsson, lab #restindara
Danna mdsa o5 | sin helhal Provresuiisiol ovsor esersral orov. W s 8k arhabsisia. melnd shsin och meindsi hardeediicnats Wi bonirskisgenomping

Skorska Svoriga AR Bentksnadross Talelon re Oegrw E-post
Teknik - VTG Ragedewagon, Laboraionial HD-&424267 556033 086 madedaing. matssoni@skanska se
M 5185 Siyrolsans silo Tolelm: nr WAT rr Inlomal adross
424 57 Gunnilsa Ealna 031-043335 SE 6EID0Z2D01 wewrw skanska o
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SKANSKA

Analys Stenmaterial Provnummer 115140311 Sidan 1 avi
Beeiallare Prowtagningsdatum Andlys datum

Chalmers tekniska higskola 2014-03-18

Ankomstdatum 10 nummer

Maskingrand 2 2014-03-20 145268

412 58 Gaeborg Prowviagare Prowvtagningsplats
Hontskiperson Geo-gruppen Forserum Cuarry

Sofia Ojerborn Oibygekt

Produkt SBUF 12040

Rock core - dolorite 1 Enireprandr

Laverantor

Skanska Asfalt och Betong AB Markning

Krossen Forserum
Prowssula i Varde ' Fraktion |
S5-EN 1097-1:2011, Bestamning av nomingsmotstand (Viki-%) B 10- 14 mm

Analysprov A% 6,5
Analysprov B (%) 6.4

SS-EN 1067-2:2010, Motstand mot fragmentaring (Vikt-%) n 10- 14 rmm
Mobering O pch darum

Andel av provet som passerar 8mm 26,5% Gunnilss, 20140325

Andel av provet som passerar 6,3mm 7,8%
Andel av det som pass. Bmm som pass. 6,3mm 20,3%

'"ﬁ%’” f';.c"ll"w _

Madclaing Matssan, lab #restindara

Dama ot £ 25 | 5 el Provies Uit gvser el ohoy . MAlrsikernasisis, melos 5h5ia och misnd St e dvendrnais v Roninkl sgen omgang
Ekarsha Svunga AR Besthsadrass Talalon re Oegre E-post
Taknik - VTC Ragardmagan, Laborainiat 1D-L424267 C5E033. G0BE madeiaing matssori@skanska se
P i85 Eryrolsons sia Tolcha nr VAT rr Inlomal adross
424 57 Gunnilsa Solna 031243335 SE 663000022001 weew shanska sa
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SKANSKA

Analys Stenmaterial Provnummer 115140300  Sidan 1 av1
Besiallare Proviagningsdatum Andlys datum
Chalmers tekniska higskola
Ankomatdstum 10+ numimes
Maskingrand 2 2014-03-13 145265
412 58 Gieborg Proviagare Proviagningsplats
Hontakdparson EASD Forserum Quarry
Sofia Oerbom Oibgakt
Prrodukt SBUF 12040
Crushed rock - dolorite 2 Enirepranar
Laverantdr
Skanaka Asfalt och Betong AB MErkning
Krossen Forserum
Proveesuhat i Narde | _ Fraktion |
S5-EN 1007-2:2010, Motstand mot fragmentaring (Vike-9) 13 10 - 14 mm
Mobering O ch dartum
Andel av provet som passerar Bmm 33,6% Gunnise, 3014 0336
Andel av provet som passerar 6,3mm 11,3%
Andel av det som pass. mm som pass. &3mm 33,6%
,fﬁ?ﬁ; K i )
Madelaing Matsson, lab Wrestandara
Dama 1 mdsio demes | sin hel ol Proviesuitatiel svsor sl oroy. M osBkertiats st melocavsiegsiisia ooh metod sta har dveddsnats wd kontrakisgenomp &ng |
Shorska Svenga AR Bostksadrass Talelon re Oegrw E-post
Teknik - VTG Raigéedss sgan, Labaoraion HO-484267 556033 G0BE madedaing. matssonFPekanska s
M s185 Sryralsans silo Takela: o WAT Inlomai admss
424 57 Gunnilsa Salna 031943335 SE 663000022001 weww shanska sa
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APPENDIX F — Tables and diagrams result

Table F.1 LA- and MD-test results for all locations.

LOCATION

ALE LA Rock Core | LA Cobble | LA Base Course | MD Rock Core | MD Base Course
Black Gneiss 15 16 23 7.9 11,8
Red Gneiss 20 24 29 - -
ANGERED |LA Rock Core | LA Cobble | LA Base Course | MD Rock Core | MD Base Course
Gneiss 1 22 - 29 15,45 16,9
Gneiss 2 22 - 28 - -
TANUM LA Rock Core | LA Cobble | LA Base Course | MD Rock Core | MD Base Course
Gneiss 39 41 - - -
Bohus granite 42 52 - - -
Tanum Mixed 39 - 48 - -
FORSERUM | LA Rock Core | LA Cobble | LA Base Course | MD Rock Core | MD Base Course
Dolerite 1 11 - 14 6,45 7.4
Dolerite 2 12 - 13 - -
Table F.2 Result of flakiness index for 8 mm and 6,3 mm grid sieve.

LOCATION Passing 8mm grid sieve [%0] Passing 6,3mm grid sieve [%0]

ALE Rock C Cobble Base C Rock C Cobble Base C
Black Gneiss 25 % 32% 48 % 8 % 10 % 23 %
Red Gneiss 31% 36 % 55 % 11 % 10 % 23 %
ANGERED Rock C Cobble Base C Rock C Cobble Base C
Gneiss 1 38 % - 21 % 10 % - 5%
Gneiss 2 37% - 21 % 12 % - 5%
TANUM Rock C Cobble Base C Rock C Cobble Base C
Gneiss 25 % 34 % - 5% 11 % -
Bohus granite 14 % 24 % - 3% 7% -
Tanum Mixed 24 % - 35% 6 % - 13 %
FORSERUM Rock C Cobble Base C Rock C Cobble Base C
Dolerite 1 27 % - 38% 8 % - 14 %
Dolerite 2 29 % - 34 % 6 % - 12 %
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Table F.3

Result of flakiness index for part of material passing 8 mm that also passes 6,3 mm

grid sieve.
LOCATION Part of material passing 8 mm grid that also pass 6,3 mm grid [%0]
ALE Rock Core Cobble Base Course
Black Gneiss 32 % 28 % 49 %
Red Gneiss 34 % 31% 41 %
ANGERED Rock Core Cobble Base Course
Gneiss 1 26 % - 23 %
Gneiss 2 32% - 23 %
TANUM Rock Core Cobble Base Course
Gneiss 20 % 32% -
Bohus granite 19% 28 % -
Tanum Mixed 26 % - 36 %
FORSERUM Rock Core Cobble Base Course
Dolerite 1 29 % - 36 %
Dolerite 2 22 % - 34 %
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Cobble
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= Base Course

Figure F.1

Comparison of flakiness index for 8 mm grid sieve between locations.

25%

20%
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Percentage of sample

Cobble
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= Base Course

Figure F.2

Comparison of flakiness index for 6,3 mm grid sieve between locations.

60%

)
2 50%

Cobble
® Rock Core

= Base Course

Figure F.3

liv

Comparison of flakiness index for part of 8 mm passing through 6,3 mm grid sieve
between locations.
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APPENDIX G - Diagram for sampling method

60

50
5 40 A Y W
ié’ @ Ale
g3 B Angered
o ngere
< 20 N, B
- V'S ATanum

X Forserum
0
0% 5% 10% 15% 20% 25%

Flakiness index, 6,3mm grid sieve

Figure G.1 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for rock cores
at all locations.

D
o

o
o
| 4

]
| 4

L 2
* Ale
4 ATanum

o

LA-coefficient
N 8 B

[N
o

o

0% 5% 10% 15% 20% 25%
Flakiness index, 6,3mm grid sieve

Figure G.2 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for cobbles at

all locations.

60
5 50 i
&40
L @ Ale
% 30 B .
$ PS M Angered
5 20 < % ATanum

10 X Forserum

0

0% 5% 10% 15% 20% 25%
Flakiness index, 6,3mm grid sieve

Figure G.3 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for base
course at all locations.
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50
S 40 o a—"
18 ¢ Ale
g% m Angered
3 ngere
< 20 H E,
_| V'S ATanum
X Forserum
0
0% 10% 20% 30% 40% 50%
Flakiness index, part of 8 pass 6,3mm grid sieve
Figure G.4 Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3
mm grid sieve) for rock cores at all locations.
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50 A
S 40 A
2
5 30
8 > @ Ale
< 20 * ATanum
10
0
0% 10% 20% 30% 40% 50%
Flakiness index, part of 8 pass 6,3mm grid sieve
Figure G.5 Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3
mm grid sieve) for cobbles at all locations.
60
5 50 A
S 40
E 0 @ Ale
é O A ® B Angered
f 20 X ATanum
10 X Forserum
0
0% 10% 20% 30% 40% 50%
Flakiness index, part of 8 pass 6,3mm grid sieve
Figure G.6 Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3

Ivi

mm grid sieve) for base course at all locations.
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APPENDIX H - Diagram for location

D
o

o

@ Black Gneiss RC
Black Gneiss Cobble
Black Gneiss BC

W Red Gneiss RC
Red Gneiss Cobble
Red Gneiss BC

o

o
n

LA-coefficient
= N 8 A O

o

o

0% 10% 20% 30% 40% 50% 60%
Flakiness index, 8mm grid sieve

Figure H.1 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for Ale.
60
% 50 @ Gneiss 1 RC
E 40 Gneiss 1 BC
T 30 .
8 20 B B Gneiss 2 RC
f 10 Gneiss 2 BC
0
0% 20% 40% 60%

Flakiness index, 8mm grid sieve

Figure H.2 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for Angered.
60
€ 50 ®Gneiss RC
2 |
£ 40 L4 Gneiss Cobble
o 30 .
3 20 HBohus granite RC
3 10 Bohus granite Cobble
0 ® Mixed RC
0% 10% 20% 30% 40% 50% 60% .
. . L Mixed BC
Flakiness index, 8mm grid sieve
Figure H.3 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for Tanum.
60 )
§ 50 ®Dolerite 1 RC
S 40 Dolerite 1 BC
§ 30 W Dolerite 2 RC
<L.’ 20 .
410 Y | Dolerite 2 BC
0
0% 20% 40% 60%
Flakiness index, 8mm grid sieve
Figure H.4 Relation between LA-coefficient and flakiness index (8 mm grid sieve) for Forserum.
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60

§ 50 #Black Gneiss RC
E 40 Black Gneiss Cobble
g 30 .
$ 20 - Black Gneiss BC
i 10 A4 B Red Gneiss RC
0 Red Gneiss Cobble
0% 5% 10% 15% 20% 25% 4 Gneiss BC
Flakiness index, 6,3mm grid sieve Red Gneiss B
Figure H.5 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for Ale.
60
§ 50 @ Gneiss 1 RC
E 40 Gneiss 1 BC
§ 30 .
8 20 ¢ H B Gneiss 2 RC
ﬁ 10 Gneiss 2 BC
0
0% 5% 10% 15% 20% 25%
Flakiness index, 6,3mm grid sieve
Figure H.6 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for Angered.
60
§ 50 ®Gneiss RC
E 40 L A Gneiss Cobble
o 30 .
3 20 EBohus granite RC
5 10 Bohus granite Cobble
0 ®Mixed RC
0% 5% 10% 15% 20% 25% .
Flakiness index, 6,3mm grid sieve Mixed BC
Figure H.7 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for Tanum.
60
§ 50 ¢ Dolerite 1 RC
E 40 Dolerite 1 BC
o 30 .
$ 20 W Dolerite 2 RC
S 10 H e Dolerite 2 BC
0
0% 5% 10% 15% 20% 25%
Flakiness index, 6,3mm grid sieve
Figure H.8 Relation between LA-coefficient and flakiness index (6,3 mm grid sieve) for
Forserum.

Iviii
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60

€50 # Black Gneiss RC
2 40 Black Gneiss Cobble
T 30 _
8 20 = Black Gneiss BC
< * .
5 10 B Red Gneiss RC
0

Red Gneiss Cobble
Red Gneiss BC

0% 10% 20% 30% 40% 50% 60%
Flakiness index, part of 8 pass 6,3mm grid sieve

Figure H.9 Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3
mm grid sieve) for Ale.

- 60 oCrei
£ 50 Gneiss 1 RC
E 40 Gneiss 1 BC
% 30 .
$ 20 - | BGneiss 2 RC
< 10 Gneiss 2 BC
0
0% 10% 20% 30% 40% 50% 60%
Flakiness index, part of 8 pass 6,3mm grid sieve

Figure H.10  Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3
mm grid sieve) for Angered.

60
g 50 @ Gneiss RC
K
£ 40 o Gneiss Cobble
o 30 -
8 20 B Bohus granite RC
5 10 Bohus granite Cobble
0 -
0%  10%  20% 30% 40% 50%  60%  ©MxedRC
Mixed BL

Flakiness index, part of 8 pass 6,3mm grid sieve

Figure H.11  Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3
mm grid sieve) for Tanum.
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§ 50 @ Dolerite 1 RC
E 40 Dolerite 1 BC
% 30 .
$ 20 W Dolerite 2 RC
< || .

10 Dolerite 2 BC
|

; T
0% 10% 20% 30% 40% 50% 60%
Flakiness index, part of 8 pass 6,3mm grid sieve

Figure H.12  Relation between LA-coefficient and flakiness index (part of 8 mm passing through 6,3
mm grid sieve) for Forserum.
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APPENDIX | — Diagram and tables for percentage

differences
Table I.1 Percentage increase of the LA-coefficient and flakiness index from rock core to base
course.
LA FLAKE FLAKE FLAKE INCREASE
INCREASE INCREASE INCREASE PART 8 PASS 6,3 MM
[96] 8 MM GRID | 6,3 MM GRID [%]
[%6] GRID [%]
Ale Black
Gneiss 35 % 47 % 66 % 35 %
Ale Red
Gneiss 31 % 43 % 54 % 19 %
Angered
Gheiss 1 24 % -718 % -108 % -17 %
Angered
Gneiss 2 21 % -75 % -146 % -40 %
Tanum
Mixed Rock 19 % 33 % 51 % 27 %
Forserum
Dolerite 1 21 % 30 % 43 % 19 %
Forserum
Dolerite 2 8 % 14 % 44 % 35 %
Table 1.2 Percentage increase of the LA-coefficient and flakiness index from rock core to
cobbles.
LA FLAKE FLAKE FLAKE INCREASE
INCREASE INCREASE INCREASE PART 8 PASS 6,3
[96] 8 MM GRID | 6,3 MM MM GRID [%]
[%6] GRID [%]
Ale Black
Gneiss 6 % 20 % 18 % -16 %
Ale Red
Gneiss 17 % 12 % -8 % -10 %
Tanum Gneiss 5 % 26 % 54 % 39 %
Tanum Bohus
Granite 19% 42 % 62 % 34 %
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Percentage increase flakiness index (8 mm)
Figure 1.1 Relation between the percentage increase of the LA-coefficient and flakiness index (8
mm grid sieve) from rock core to base course and cobble, respectively.
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Percentage increase flakiness index (6,3 mm)
Figure 1.2 Relation between the percentage increase of the LA-coefficient and flakiness index (6,3
mm grid sieve) from rock core to base course and cobble, respectively.
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Figure 1.3 Relation between the percentage increase of the LA-coefficient and flakiness index

(part of 8 mm passing through 6,3 mm grid sieve) from rock core to base course and
cobble, respectively.
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