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Abstract

In regions of temperate climate the destructive influence of frost action 
such as frost heave in winter and thaw weakening in spring are the main 
contributors to severe deterioration of the pavement structure. A number of 
studies on construction aggregates and field observations of road failures, 
especially caused by seasonal fluctuations of temperature, have revealed a 
negative influence of unbound mica-rich rock aggregates on the service life 
of road construction. 

The aim of this thesis was to investigate the behaviour of mica-rich 
aggregates under the temperate climate conditions. The study focuses on 
measurements of volume change (frost heave), capillarity rise and interac-
tion between water and mica-rich aggregates. The materials studied in this 
research are commercially available unbound road construction aggregates 
with varying free mica grains, and originating from different regions of 
Sweden. The mineral composition of the samples has been determined by 
polarizing microscopy using a point-count method.

In Paper I, the materials were exposed to freeze-thaw cycling in order 
to register the volume change (in terms of frost heave). The results show 
that mica-rich base-course aggregates have a large potential to produce 
frost heave.

The results from the test for determining capillary rise (Paper II) indi-
cate a direct correlation between mica content of the aggregates and capil-
lary rise values confirming the capability of mica-rich unbound aggregates 
to transport and absorb higher amounts of water.

The interaction of mica-rich aggregates with water in terms fraction 
sizes and free mica content was studied in Paper III, measuring water stor-
age capacity and specific water saturation values. The results reveal a 
strong positive correlation between mica content, grain size, water sorption 
and water storage capacity of the aggregates. 

The overall results of this research bring the mineralogy of the fines 
into focus when evaluating frost susceptibility of unbound aggregates and 
can be considered when estimating threshold values of free mica grains in 
crushed road materials.

Keywords: Aggregates, free mica, base-course, frost action, frost suscepti-
bility, capillarity, water retaining capacity, specific water saturation 
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1 Introduction 

Background

Recent investigations on structural deterioration of roads report mica min-
erals as one of the contributing factors influencing the stability of unbound 
layers and layers of bituminous mixtures (Miskovsky 2004; Arm 2004; 
Hakim 2003). 

Mica rich aggregates have low resistance to abrasion, weak mechani-
cal properties and may substantially increase the content of fines (<2 mm) 
due to seasonal climate variations (physical weathering) and deformations 
caused by traffic loading. A number of observations have shown that re-
duction of the bearing capacity and an increase in accumulation rate of 
permanent deformation has been noticed for pavements where the base-
course aggregates contained free mica grains (Ekblad 2007, Nieminen 
1986). Ekblad (2007), studying coarse granular road material properties, 
states that the resilient modulus decreases with an increase in mica content 
and elevated water content. 

Rock material has different specific surface area due to varying grain 
size and geometrical parameters of particles which will influence properties 
such as suction. The material suction relates to the finest particles and 
represents the ability to retain water within the pore system. Rock materials 
with fines of large specific surface area (e.g. micas and clays, Figure 1) 
have a “high” suction ability and, consequently, can cause structural dete-
rioration due to high water content and elevated pore pressures lowering 
the pavements bearing capacity (Uthus 2006, 2007, Nieminen 1986). 

Konrad (2005) states that frost action in the base and sub-base layers 
are frequently neglected since these materials are often considered as non-
frost susceptible. However, the existence of fines in base layers can change 
their frost susceptibility and result in severe structural deterioration. 

The presence of water within a road construction is one of the major 
factors, influencing its stability. Formation of ice lenses in unbound aggre-
gates can occur when additional water can be drawn into porous space by 
capillary action. Capillarity together with permeability, grain size distribu-
tion, specific surface and mineral content are the key factors influencing 
moisture migration in the road construction causing the growth of ice 
lenses and frost heave (Andren 2006, Uthus 2006, 2007).

In order to diminish the negative influence of free mica on road con-
struction the Swedish Road Administration (SRA) proposed a 30 to 50 per 
cent threshold value for mica content for certain unbound applications. In 
addition there is great demand for detailed investigations concerning the 
mica problem and determination of a strict threshold value of free mica 
content in both bound and unbound applications (Miskovsky 2004).  
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The frost susceptibility of unbound aggregates with elevated mica con-
tents and the effect of free mica-water interaction are of principal impor-
tance for regions of a temperate, sub-arctic climate with crystalline, mica-
rich bedrock used as an aggregate source. 

Figure 1. SEM image of biotite particle with a layered structure. 

Research objectives, scope of the study

The first research objective is to estimate the frost susceptibility of base-
course aggregates with different free mica grains and water contents condi-
tioned by freeze-thaw cycling (Paper I). The response of the materials to 
conditioning is characterized by volume change in terms of frost heave. 

The study of the ability of mica-rich construction material to transport, 
absorb and retain water comparing to mica-poor one is the second objective 
(Paper II and III). Following characteristics were determined for fine frac-
tions of the tested materials: capillary rise, water storage capacity and spe-
cific water saturation value. 

The main objective of this research is to investigate the behavior of 
commercially available mica-rich base-course aggregates used in regions of 
temperate climate and determine empirically the threshold values regarding 
acceptable amount of free mica grains in road constructions aggregates. 
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2 Materials and methods 

Freezing-thawing

The experiment was designed to expose crushed rock aggregates with vary-
ing amount of free mica grains and water contents to freeze-thaw cycling in 
order to register the materials’ response. Variation of volume (i.e. expan-
sion) was chosen as the main parameter to indicate response of the materi-
als. Selected materials represent commercial base-course aggregates and 
were obtained from material producers throughout Sweden. The rock ag-
gregates were chosen on the basis of mica content. Amount of free mica 
grains in the crushed rock aggregates was determined for each selected fine 
fraction.

Preparation of the samples comprised (a) sieving and (b) control of re-
quired particle size distributions for base-course aggregates (Figure 2) (c) 
adding water to provide variations in water contents (d) compaction ac-
cording to standard Modified Proctor Test and (e) soaking prepared sam-
ples in water (Figure 3). 

To simulate cyclic action of freezing and thawing on compacted sam-
ples an automatic low temperature cabinet was used (Figure 4).  Volume 
change of the samples was measured during the test together with readings 
of sample weight (Figure 5). Paper I contains more detailed information 
about testing procedures. 
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Figure 2. Particle size distributions of samples used in the freezing tests. 
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 Figure 3. Water soaking of the samples. 

 Figure 4. Samples in the low temperature cabinet. 
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Figure 5. The measurements of volume change of sample. 

Capillarity

The content of free mica grains for the analysed narrow grain size fractions 
(0.125-0.25 mm, 0.25-0.5 mm, and 0.5-1.0 mm) was determined through 
point counting of grain mounts using a polarizing microscope. 

The specimens were dried and sieved (EN 933-1:1997) into grain size 
fractions <0.063 mm, 0.063-0.125 mm, 0.125-0.25 mm, 0.25-0.5 mm, 0.5-
1.0 and 1.0-2.0 mm. The fractions >2 mm were discarded. Obtained frac-
tions were proportioned and mixed to achieve required particle size distri-
bution for standard base-course aggregates (Figure 6) in accordance with 
road technical specifications of Swedish Road Administration (ATB VÄG 
2005)

The test procedures were carried out according to the test for capil-
larity (VVMB24, 1987), using a capillarimeter m/50 with digital manome-
ter (Figure 7). The capillarity rise was determined by measurement of the 
maximum underpressure that can be applied on one side of the water-
soaked sample without occurrence of air breakthrough (principle described 
in Beskow 1930).

To investigate the effect of water soaking on capillarity, one set of 
samples was water-soaked and stored in sealed plastic containers for 10 
days prior to the test. 
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Figure 7.  Capillarimeter m/50 with digital manometer. 
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Water storage capacity and specific water saturation 

The experimental design has been based on narrow grain size fractions – 
derived from crushed rock aggregates – for which the water storage capac-
ity and water saturation characteristics have been determined. The main 
material variable of interest has been the amount of free mica grains in the 
crushed rock aggregate. Thus mica content has been determined both for 
the aggregate source rock as volume % of the rock’s mineralogical compo-
sition, and for each narrow grain size fraction as particle % of the grain size 
fraction particle composition. The materials used in tests are all commer-
cially available crushed rock aggregates and commercial mica. Material 
with the lowest mica content was used as a reference material. 

The experimental procedure (water storage capacity test) was designed 
to estimate the ability of mica-rich materials to retain water due to specific 
grain orientation, capillary effects and structural features of mica particles 
in comparison with mica-poor ones. The approach taken during the study 
was to measure water weight losses driven by evaporation in terms of time. 
The experimental set up:

1. Samples were stored in leak-proof containers with open top to pro-
vide required evaporation 

2. Initially all samples were fully immersed in water
3. Test was conducted at room temperature and humidity 

The scope of the second step of the experiment (specific water satura-
tion test) was to compare the ability of materials with different mica con-
tent to absorb water. The materials used for this part of the experiment 
were the same as for the first. Also sample preparation procedures were 
identical to the first phase. Accordingly the weights of water-soaked sam-
ples have been measured and the specific water saturation values calculated 
using the following formula: Specific water saturation = (Volume of added 
water, ml) / (Weight of dry material, g) 



9

3 Summary of results 

Freezing-thawing

The result of the test 1 pointed out relatively low volume expansion during 
10 freeze-thaw cycles and the highest value (0.63 mm) during one day at -
20 °C (Figure 8). The effect of mica content on volume change is very un-
clear despite the fact that sample 1 (50-55% of mica) indicated higher 
heave than reference sample 5 (20% of mica). Sample 2, with approxi-
mately the same amount of mica grains as sample 1, showed the lowest 
heave, adding some uncertainty to results. 

Figure 8. Results of the freezing test 1. Ten freeze-thaw cycles in low temperature 
cabinet  and one frost cycle 11 in freeze cabinet. Thawed and Frozen mean meas-
urements of the heave during thawing and freezing phases of the cycle respectively. 

Test 2 revealed clear direct correlations between mica content of the 
samples and volume changes (Figure 9). Sample 1, having the highest 
amount of mica grains among studied samples (50-55% mica), showed the 
highest heave (approx. 1.8 mm) while sample 5 (reference sample) and
sample 6 (containing only mica traces) demonstrated the lowest values 
(0.4-0.6 mm). In addition, sample 1 had the highest rate of heave (approx. 
0.3 mm/day, for both frozen and thawed phases) during the first 6 days of 
the test, then the volume changes became more or less constant. Samples 4 
and 5 expanded with relatively slower and stable rates (approx. 0.1-0.15 
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mm/day), while sample 6 displayed a uniform change in volume resulting 
in the lowest heave rate.  

Figure 9. Results of the freezing test 2. Ten freeze-thaw cycles in freeze 
cabinet; measurements were done during frozen and thawed phases. Trend-
lines are polynomial, third order. 

Capillarity

The test results revealed a strong correlation between capillarity rise and 
the content of mica. The values for capillary rise increased with increased 
mica content (Figure 10, 11).  
However, sample 1 (with the highest value of free mica (51-81%)) showed 
a lower capillary rise than sample 2 (40-56%). This can be explained by 
possible deviation in particle size distribution of the samples and can be re-
lated to a different mineral composition of the samples. 
In addition, the results did not reveal any connection between capillarity 
and the effect of long-term water-soaking. It confirmed that capillarity rise 
was influenced mainly by mineralogy of the samples. 
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Water storage capacity and specific water saturation 

In Paper III the detailed statistical analyses of the results show a strong 
positive correlation between the content of free mica particles and the water 
absorption of aggregates. However the relationship was not linear but ex-
ponential. The results also showed an obvious influence of grain size on the 
increasing absorption of moisture. The fine fractions can take up and store 
more water compared with coarse ones.  
Hence, most likely there is a break point for the content of mica where the 
water uptake increases exponentially. However, the data used in these tests 
are too limited to permit a more precise estimation of this interval.
The general conclusion based on the results obtained is that the mica-rich 
aggregates can absorb and store more then 20-30% more water compared 
with mica-poor rock types.     
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4 Conclusions

Results of the current work revealed an expected relation between content 
of free mica grains and volume change (heaving) during freeze-thaw cy-
cling. Thus the results of the investigation concur with generally similar re-
search on base-course aggregates, e.g. Uthus (2007), Konrad (2005) and 
confirm a tendency that unbound mica-rich aggregates are frost susceptible.  

The samples were selected regarding to their mica content. However, 
micas can occur with minerals of large specific surface area (e.g. chlorites 
and clay minerals) and their possible influence should be studied in the fu-
ture. Mineralogy of fines appeared to be one of the important parameters in 
assessment of different characteristics (e.g. frost susceptibility) of base-
course aggregates. 

Forthcoming experiments have to be designed to control cooling rate 
and to measure a rate of frost heave in mm/h, allowing determination of the 
frost susceptibility of material according to present criteria. 

An increase in free mica content of the aggregates leads to an increase 
in ability to transport water from the surrounding water sources to base lay-
ers by capillary action. As a result, an accumulation of water in unbound 
layers enhances the frost action and, consequently, deterioration of road 
construction. 

The capillarity rise test confirmed the importance of factors such as 
compaction degree and grain size of the rock material. Gradation, degree of 
compaction and grain size should be kept as even as possible for all materi-
als. Small deviation in these parameters can lead to high scatter in capillary 
rise values. 

All materials studied showed susceptibility to increased water sorption 
as a consequence of free mica particles presence. The general tendency was 
for an increase in drying time and increase in water sorption with an in-
crease in mica content, i.e. a strong positive correlation was observed be-
tween mica content, grain size, water sorption and water storage of the ag-
gregates.

The experiment showed that aggregates with relatively high mica con-
tent (more than 30 vol. %) can absorb and store 20-30% more water com-
pared to mica poor ones (less than 20 vol. %). The influence of mica on the 
water sorption of the aggregates begins at fraction size 0.5-1 mm. These 
results can be taken into consideration when determining threshold values 
regarding acceptable amounts of free mica grains in road constructions ag-
gregates. The estimation of the critical point of mica content is not final 
and demands involving a greater number of integrated samples of finer 
fractions having mica content within the critical area. 
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The results of current work can be considered in future experiments 
and can be applied in the road construction industry or by road authorities 
in cold regions with crystalline, mica-rich bedrock.
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The behaviour of mica-rich base-course aggregates under 
freezing-thawing conditions 

E. Novikova, H. Arvidssonb, K-J. Loorentsb, K. Miskovskya

aDepartment of Civil, Mining and Environmental Engineering,
Luleå University of Technology, SE-971 87 Luleå, Sweden 

bSwedish National Road and Transport Research Institute, SE-581 95 Linköping, Swe-
den

Abstract
In cold regions, destructive results of frost action such as frost heave in winter and thaw 
weakening in spring are the main contributors to damage of a road structure. Com-
monly, the frost susceptibility of base-course aggregates is often ignored in road engi-
neering. However, a number of studies on aggregates for construction purposes and 
field observations of road failures, especially caused by seasonal fluctuations of tem-
perature, have revealed a negative influence of mica-rich rock aggregates (used in un-
bound applications) on the service life of road constructions. The scope of the current 
work is to investigate the behavior of unbound base-course aggregates, with varying 
free mica grains and water contents under freeze-thaw cycling. 

The materials studied in this research are commercially available road construc-
tion aggregates, and originate from different regions of Sweden. The mineralogical 
composition of the samples has been determined by polarizing microscopy and a point-
count method. The following parameters were controlled during the experiment: 
changes of volume of the samples (in terms of frost heave), water content and weight 
losses. The results show that mica-rich base-course aggregates have a large potential to 
produce frost heave, thus confirming previous investigations. Furthermore the study 
points out the importance of the mineralogy of the fines in evaluation of frost suscepti-
bility of unbound aggregates. 

Keywords: Aggregates, free mica grains, base-course, freeze-thaw 



Introduction
Recent investigations on structural deterioration of roads report mica minerals as one of 
the contributing factors influencing the stability of unbound layers and layers of bitumi-
nous mixtures (Miskovsky 2004; Arm 2004; Hakim 2003). Mica rich aggregates have 
low resistance to abrasion, weak mechanical properties and may substantially increase 
the content of fines (<2 mm) due to seasonal climate variations (physical weathering) 
and deformations caused by traffic loading. A number of observations have shown that 
reduction of the bearing capacity and an increase in accumulation rate of permanent de-
formation has been noticed for pavements where the base-course aggregates contained 
free mica grains (Ekblad 2007). Ekblad (2007), studying coarse granular road material 
properties, states that the resilient modulus decreases with an increase in mica content 
and elevated water content. 

Rock material has different specific surface area due to varying grain size and geo-
metrical parameters of particles which will influence properties such as suction. The 
material suction relates to the finest particles and represents the ability to retain water 
within the pore system. Rock materials with fines of large specific surface area (e.g. mi-
cas and clays) have a “high” suction ability and, consequently, can cause structural dete-
rioration due to high water content and elevated pore pressures lowering the pavements 
bearing capacity (Uthus 2006, 2007). 

Mica-rich aggregates may cause significant problems in frost affected areas during 
thaw weakening (Uthus 2007). In general, frost heaving and thawing are the main rea-
sons for damage to transportation infrastructure in the regions of seasonal frost 
(Michalowski, 2006, Simonsen, 1999). Konrad (2005) states that frost action in the base 
and sub-base layers are frequently neglected since these materials are often considered 
as non-frost susceptible. However, the existence of fines in base layers can change their 
frost susceptibility and result in severe structural deterioration. 

Uthus (2006, 2007) found that the main factors for determining frost susceptibility 
for unbound aggregates are the mineralogy, content of fines and permeability. The pre-
sent frost susceptibility criteria are mostly based on grain size distribution and thresh-
hold values for acceptable content of fines. The influence of the mineralogy of the fines 
is generally ignored. Konrad (2005) and Brandl (1977, 2000) suggest a mineral criterion 
for maximum allowable amount of fine particles (<0.02 mm). The suggested mineral 
criterion considers both frost heave and thaw weakening. Brand’s research confirms that 
chlorites and related weathering products (e.g. clay minerals) cause severe frost damage. 
Brandl also showed that aggregates with a high content of chlorite and muscovite exhib-
ited marked frost damage (excessive heave), but generally the bearing capacity was not 
considerably reduced during thawing. In addition, presence of montmorillonite in the 
fines enhanced the potential for thaw weakening while kaolinite caused frost heave 
(Konrad, 2005). 

The present work employs on the behavior of base-course crushed aggregates with 
different free mica grains and water contents conditioned by freeze-thaw cycling. The 
aggregates, grain size distribution and degree of compaction have all been selected ac-
cording to actual standards for commercially used base-course materials. Water content 
has been varied throughout the experimental program to maximize the effect of the con-
ditioning. The response of the materials to conditioning is characterized by volume 
change. Experimental results showed that the highest volume expansion in terms of 
frost heave was noticed for aggregates with a large amount of free mica grains (more 
than 40%), permitting the conclusion that mica-rich base-course aggregates are suscep-
tible to frost heave. It is recommended that the mineralogy of fines should be taken into 
account in present and future frost susceptibility criteria.



Materials and Methods 
Experimental program
The experiment was designed to expose crushed rock aggregates with varying amount 
of free mica grains and water contents to freeze-thaw cycling in order to register the ma-
terials’ response. Variation of volume (i.e. expansion) was chosen as the main parame-
ter to indicate response of the materials. Selected materials represent commercial base-
course aggregates and were obtained from material producers throughout Sweden. The 
rock aggregates were chosen on the basis of mica content. Amount of free mica grains 
in the crushed rock aggregates was determined for each selected fine fraction (Table 2). 

Preparation of the samples comprised (a) sieving and (b) control of required parti-
cle size distributions for base-course aggregates (c) adding water to provide variations 
in water contents (d) compaction according to standard Modified Proctor Test and (e) 
soaking prepared samples in water. 

The experiment comprised two parts named Test 1 and Test 2. These are different 
from each other in terms of the set of samples and certain testing procedures.  

To simulate cyclic action of freezing and thawing on compacted samples an auto-
matic low temperature cabinet was used.  Volume change of the samples was measured 
during the test together with readings of sample weight. 

Material characterisation  
All samples are commercially available crushed rock aggregates for base-course 0-32 
mm (according to specifications of the Swedish Road Administration), with mica con-
tent as the main characteristic. The mineralogical composition has been determined by 
polarizing microscopy and point-counting of thin-sections (Nesse 2004) 

Sample 1 – schistose-biotite-rich semipelite. The mineralogical composition is 
quartz>biotite>feldspar with accessory minerals muscovite, chlorite, amphibole, 
opaque, epidote, zircon. An equigranular distribution of grains with an interlobate shape 
of grain aggregates and anhedral to subhedral grain shape describes the microstructure. 
The foliation is described by a continuous schistosity, characterized by parallel orien-
tated grains of biotite, quartz and feldspar. Megacrysts of feldspar and quartz are pre-
sent. The quartz grains (anhedral) have undulose extinction and ‘sub grains’ that may 
indicate a compressive deformation (Table 1). 

Sample 2 – dark medium to coarse grained mafic metatonalite with mineralogical 
composition: plagioclase>biotite>quartz>hornblende>K-feldspar. Accessory minerals 
include opaque, apatite and zircon. An inequigranular distribution of grains with po-
lygonal shape of grain aggregates, and subhedral grain shape describes the microstruc-
ture. The foliation is described by a spaced schistosity (compositional layering) with 
parallel crystal of biotite defining the cleavage domains, and orientated quartz-feldspar 
the microlithons. The quartz grains have undulose extinction (Table 1). 

Sample 3 – foliated-biotite-rich pelite. The mineralogical composition is bio-
tite>quartz>muscovite>feldspar with accessory minerals opaque and chlorite. An in-
equigranular distribution of grains with an interlobate shape of grain aggregates and an-
hedral (subhedral biotite) grain shape describes the microstructure. The foliation is de-
scribed by a continuous cleavage, characterized by parallel orientated grains of biotite, 
muscovite and quartz. The quartz grains have undulose extinction, dynamically recrys-
tallised polycrystalline quartz. Rounded grains of quartz and feldspar and traces of bed-
ding are found within the sample (Table 1). 

Sample 4 – schistose-biotite-rich semipelite; a second pegmatite component of a 
quartz syenitic composition is present (Table 1, Sample 4B). The semipelite constitutes 



70 % of the aggregate sample. The semipelite has a mineralogical composition of: bio-
tite>quartz>plagioclase>K-feldspar. Accessory minerals are opaque and muscovite. An 
inequigranular distribution of grains with an interlobate shape of grain aggregates and 
anhedral (subhedral biotite) grain shape describes the microstructure. The foliation is 
described by a continuous cleavage, characterized by parallel orientated grains of bio-
tite, feldspar and quartz. The quartz grains have undulose extinction, dynamically re-
crystallised polycrystalline quartz. Rounded grains of quartz and feldspar are found 
within the sample. Table 1 gives further information on the pegmatite.  

Sample 5 – fine to medium grained red weakly foliated granite, with a mineralogi-
cal composition K-feldspar>quartz>plagioclase>biotite>muscovite. Accessory minerals 
include chlorite, epidote, opaque and clay minerals. An inequigranular distribution of 
grains with an interlobate shape of grain aggregates, and anhedral grain shape describes 
the microstructure. The foliation is described by a continuous schistosity, characterized 
by parallel orientated grains of mica, quartz and feldspar. Megacrysts of K-feldspar and 
quartz are present. The quartz grains (anhedral) have undulose extinction and ‘sub 
grains’ that may indicate a compressive deformation (Table 1). 

Sample 6 – fine grained quartzite. A seriate distribution of grains with a polygonal 
shape of grain aggregates and anhedral grain shape describes the microstructure. The 
foliation is described by a continuous cleavage. The quartz grains have undulose extinc-
tion, dynamically recrystallised polycrystalline quartz. Rounded grains of quartz and 
feldspar are found within the sample. Grain boundaries commonly contain microcrystal-
line quartz, clay minerals, opaque and micas (Table 1). 

Mineralogical composition is obtained in thin sections by point-counting (in vol. 
%) together with textural characterisation of the samples. Mineral transformations re-
lated to alteration (hypogene processes) and weathering (supergene processes) together 
with micro fractures are mapped according to a relative scale where 0 indicates no trans-
formation or presence of fractures and 5 indicates total transformation or maximum 
presence of fractures.  Textural information is given in the general form: value, object 
(other information). 



Table 1. Mineralogical composition of the samples
Mineral Sample 1 Sample 2 Sample 3 Sample 4A Sample 4B Sample 5 Sample 6
Quartz 30.5 14.6 28.1 27.7 11.5 24.6 84.0
K-feldspar 11.3 4.5 2.9 7.0 55.3 46.5 12.4
Plagioclase 29.0 42.3 2.3 26.2 15.7 19.0
Biotite 20.3 24.0 54.4 37.5 5.6 0.6
Chlorite 2.8 0.3 1.2 0.6 0.9
Muscovite 3.2 10.6 0.4 6.6 2.5
Amphibole 2.1 11.6
Opaque 0.9 2.2 1.4 1.1 0.2
Epidote 2.8 0.2 0.1
Zoisit 6.8
Apatite 0.4
Zircon t 0.4
Clay t 0.9 2.0
Count 469 492 698 733 747 2538 692
Grain size (mm) 0.1-0.3  1-3 0.05 0.1 - 0.3 0.5 - 1 0.5 - 1.5 0.1 - 0.3
Megacryst (mm) 1-2 Biotite; 0,5- 

1 Quartz, 
Feldspar

4-5 Biotite, 
Feldspar

0.4 Biotite; 1.5 
Quartz; 0.6 
Feldspar

1 Biotite; 2-3 
Quartz

1.5-2 feldspar 2-5 K-feldspar; 
2-5 
recrystallised 
quartz  

0.6 (quartz and 
feldspar)

Foliation Continuous 
cleavage, 
parallel crystal 
of biotite, quartz 
and feldspar 

Continuous 
schistosity, 
parallel crystal 
of biotite, 
hornblende

Continuous 
cleavage 

Continuous 
cleavage 

Massive Continuous 
schistosity, 
parallel grains 
of biotite, 
quartz, feldspar

Continuous 
cleavage  

Grain size 
distribution 

Equigranular Inequigranular Inequigranular Inequigranular Seriate Inequigranular Seriate 

Grain shape Subhedral - 
anhedral

Subhedral Anhedral 
(Subhedral 
biotite)

Anhedral 
(subhedral 
biotite)

Anhedral Anhedral  Anhedral

Grain boundary Interlobate Polygonal Interlobate Interlobate Polygonal Interlobate Polygonal
Alteration 0-3 Plagioclase, 

sericite; 0-3 
Biotite, chlorite 

1 Feldspar, 
sericite; 1 
Amphibole, 
chlorite; 1 
Biotite, chlorite

1 Biotite, 
chlorite 

0 1 Biotite, 
chlorite; 3 
Plagioclase, 
sericit

1-3 Plagioclase, 
sericite; 0-2 
Biotite, chlorite   

0

Weathering 0 0 0 0 0 0 0
Micro fractures 1 Intracrystalline 

(in plagioclase)
2 Intracrystalline 
(in feldspar)

1
Transcrystalline 

0 2 Intercrystalline 
(quartz, 
feldspar)

1
Transcrystalline; 
1 Intracrystalline 

2
Transcrystalline
(veins, quartz, 
clay); 1 
Intracrystalline

The content of free mica grains is given in Table 2 for the analysed narrow grain 
size fractions (0.125-0.25 mm, 0.25-0.5 mm, and 0.5-1.0 mm). The composition of the 
samples (Table 2) was determined through point counting of grain mounts (Nesse 2004) 
using a polarizing microscope.   

Table 2. Content of free mica (particle %) for respective samples and fine fractions

0.063-0.125 mm 0.125-0.25 mm 0.25-0.5 mm 0.5-1.0 mm 
Sample 1 53 56 46 40 
Sample 2 59 57 54 34 
Sample 3  24 17 2 
Sample 4  40 29 20 
Sample 5 (reference) 20 19 19 7 
Sample 6  0.9 0.5 0.4 



Sample preparation 
The specimens were dried and sieved according to Swedish Standard SS-EN 993-1 to 
control the required particle size distribution for base-course 0-32 mm (ATB ROAD – 
Swedish Road Administration technical specifications for roads, 2005). For sample 1 
the grading was adjusted to meet the requirements while the other materials fulfilled the 
specifications (Figure 1, 2). The samples were proportioned to have a weight of 6 kg for 
compaction and mixed with water to achieve moisture content of 5%. 
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Figure 1. Particle size distributions for samples 1, 2, 3 and 5 used in Test 1.

2 4 5.6 8 16 31.5 45 63 90 20011.20.063 0.125 0.25 0.5 1

0.06 0.2 0.6 2 6 20 60Sand Gravel
f ine medium coarse fine medium coarse

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Particle size, mm

Pe
rc

en
ta

ge
 p

as
si

ng

Sample 1

Sample 4

Sample 5

Sample 6

Figure 2. Particle size distributions of samples 1, 4, 5 and 6 used in Test 2.



The compaction of the samples was performed in accordance with SS-EN 13286-
2, Modified Proctor Test, mould B, using CBR/Proctor cylindrical moulds with a di-
ameter of approximately 150 mm and height of approximately 180 mm. The samples 
were compacted in 5 layers using 56 blows per layer by hammer (with 4.5 kg weight 
and 50 mm diameter) falling distance  45 cm. Compactive energy is 2.7 MJ/m3. During 
compaction the mould had a steel insert at the bottom so the total height of the samples 
was approximately 116 mm (volume of 2120 cm3). After levelling, the base plate was 
mounted on the top. The sample was turned over and the steel insert was removed. The 
samples were weighed in order to determine dry bulk density and water content after 
compaction. 

  After compaction a steel plate (20 mm thick and 960 g weight) was placed on top 
of the sample to get an even surface for measurement of volume changes. Prior to the 
freezing test, the specimens, compacted in cylindrical moulds, were water-soaked. The 
soaking was carried out by immersing the samples in water-filled buckets and storing 
for 6 days (Test 1) and for 14 days (Test 2). Water level in the buckets was approx. 5 
cm above the sample surface, although, not exceeding the height of the cylinder (Figure 
3). The water was soaked up through a perforated base plate with fiber-bonded fabric 
(as material impermeable membrane). The fiber-bonded fabric prevents the loss (or 
“washing-out”) of fines during the soaking. The samples were conditioned for 24 hours 
at room temperature before the freeze-thaw test. For test 2 the samples were sealed in 
plastic bags after conditioning to keep water content at a constant level. 

Figure 3. Water soaking of the sample.

Freezing test 

Samples 1, 2, 3 and 5 were selected for Test 1. The samples were exposed to freeze-
thaw cycles in a low temperature cabinet according to EN 1367-1. The test includes 10 
freeze-thaw cycles, one cycle per day with automatically controlled temperature from 
+20 °C to -17.5 °C (Figure 4). 

Changes of volume were defined by measurement of the sample height. The 
measurements were done daily only during the thawing phase of the cycle, using a 
depth-gauge (with accuracy 0.05 mm) at four markings on the edges of the steel plate 
(Figure 5). Simultaneously with height measurements the samples were weighed in or-
der to control drainage, evaporation or condensation. 
To investigate heave during the freezing phase, the test specimens were stored in a 
freeze cabinet at -20 °C for 24 hours after the low temperature cabinet (marked as cycle 
11 on Figure 6). 



To lower the influence of moisture evaporation on the results and to obtain more 
accurate data Test 2 had some modifications to the experimental procedure. The sam-
ples were 1, 4, 5 and 6. The freeze-thaw cycle was adjusted to expand the range of tem-
perature variation from +20 °C to -20 °C. Each of the temperatures was held for almost 
12 hours (Figure 4). Relative humidity was kept at approximately 100%. The samples 
were sealed in plastic bags to reduce the effects of evaporation. However, the sealed 
samples were opened during the measurements of volume changes. The test schedule 
and temperature control were designed to carry out measurements both at frozen and at 
thawed phases during one day.

Figure 4. Temperature curves for one freeze-thaw cycle. 

Figure 5. The height measurements of the sample.



Results
The results represent data obtained during the experiment, starting at the sample 

preparation stage – compaction with desired water content.
Results of the experiment in terms of water content and dry bulk density of the 

samples are presented in Table 3.  

Table 3. Dry bulk density and water content of the samples at different stages of the ex-
periment
Sample with initial 
water content 5% Test Dry bulk den-

sity, Mg/m³ 
Water content after 

compaction, % 
Water content 
before test, % 

Water content 
after test, % 

Sample 1 1 2.27 5.0 6.4 6.4 
Sample 2 1 2.33 5.0 5.2 2.8 
Sample 3 1 2.24 5.0 4.9 3.3 
Sample 5 1 2.13 5.0 6.8 6.7 
Sample 1 2 2.29 4.7 6.3 6.3 
Sample 4 2 2.25 4.2 5.3 5.4 
Sample 5 2 2.19 4.5 5.2 5.4 
Sample 6 2 2.19 4.5 4.8 4.8 

The samples 2 and 3 showed relatively high drop in water content after test 1 due 
to evaporation and drainage, affecting the final results in terms of weight losses. 

The results of the freezing test are presented as relationships in terms of volume 
changes (heaving), weight changes of the samples and time of freeze-thaw cycles (Fig-
ures 6 - 9). 



Figure 6. Results of the freezing test 1. Ten freeze-thaw cycles in low temperature cabinet  and one 
frost cycle 11 in freeze cabinet. Thawed and Frozen mean measurements of the heave during thaw-
ing and freezing phases of the cycle respectively.

Test 1 
The result of the test (Figure 6) pointed out relatively low volume expansion during 10 
freeze-thaw cycles and the highest value (0.63 mm) during 1 day at -20 °C. The effect 
of mica content on volume change is very unclear despite the fact that sample 1 (50-
55% of mica) indicated higher heave than reference sample 5 (20% of mica). Sample 2, 
with approximately the same amount of mica grains as sample 1, showed the lowest 
heave, adding some uncertainty to results. 

Weight changes (Figure 7) during the test are related to the sample weights prior 
to the freezing test. All samples showed an increase in weights during water-soaking, 
however, lost some part during the conditioning day between measurements and begin-
ning of the test. Samples 2 and 3 increased their weight moderately, though, signifi-
cantly lost it later. Samples 1 and 5 increased greatly during water-soaking, lost a little 
during the day before test and kept stable weight during the test. 



Figure 7. Weight changes of the samples during the freezing test 1.

Test 2 
Test 2 revealed more clear, direct correlations between mica content of the samples and 
volume changes (Figure 8). Sample 1, having the highest amount of mica grains among 
studied samples (50-55% mica), showed the highest heave (approx. 1.8 mm) while 
sample 5 (reference sample) and sample 6 (containing only mica traces) demonstrated 
the lowest values (0.4-0.6 mm). In addition, sample 1 had the highest rate of heave 
(approx. 0.3 mm/day, for both frozen and thawed phases) during the first 6 days of the 
test, then the volume changes became more or less constant. Samples 4 and 5 expanded 
with relatively slower and stable rates (approx. 0.1-0.15 mm/day), while sample 6 dis-
played a uniform change in volume resulting in the lowest heave rate. Moreover sample 
1 indicated a higher difference between volume changes at frozen phase and thawed 
phase (approx. 0.7-0.8 mm). The other samples showed an approximate difference of 
0.3 mm.  



Figure 8. Results of the freezing test 2. Ten freeze-thaw cycles in freeze cabinet; meas-
urements were done during frozen and thawed phases. Trendlines are polynomial, third 
order.
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Figure 9. Weight changes of the samples during the freezing test 2.

Figure 9 depicts relatively stable and low weight variations for the samples com-
paring with the results of test 1 (Figure 7). A certain increase in weights of the samples 
can be explained by condensation during the measurements at frozen phase. Sample 1 



showed some disturbance, caused by excessive compensation of water during replace-
ment of a damaged plastic bag. 

Discussion and Conclusions
Results of the current work revealed an expected relation between content of free mica 
grains and volume change (heaving) during freeze-thaw cycling. Thus the results of the 
investigation concur with generally similar research on base course aggregates, e.g. Ut-
hus (2007), Konrad (2005) and confirm a tendency that unbound mica-rich aggregates 
are frost susceptible.  

The samples with “higher” mica content (more than 40 %, Table 2) showed the 
highest frost heave, as well as the highest heaving rate (Figure 8). The maximum frost 
heave of 1.8 mm was indicated by sample 1 with 50-50% of mica during test 2. Al-
though in field conditions with the presence of water sources close to the base course, 
heaving can be considerably higher, resulting in deterioration of road structure and in 
loss of bearing capacity during spring thaw (Uthus 2007; Konrad 2005). 

The present study focuses on volume change of the sample with varying mica and 
water contents, characterizing the response of material to freezing-thawing. However 
the measurement of other important parameters (e.g. deformation properties, mechanical 
strength, grain shape) can complement experimental results, and thus add to the under-
standing on the behavior of mica-rich aggregates under freezing-thawing cycling. Dur-
ing the freezing test, measurement of deformation properties using e.g. cyclic load triax-
ial test (Arvidsson 2006) might be a suggestion for future work. 

Relatively weak results of the freezing test 1 can be explained by influence of such 
factors as moisture evaporation, draining and condensation. Samples 2 and 3 lost sig-
nificant weight (i.e. water content, Figure 7), that decreased the frost heave action and 
affected the final results of the test. In addition, there is some variation among shapes of 
the grain size distributions for samples used in test 1 (Figure 1), e.g. sample 3 has an 
open-graded curve, resulting in high permeability during water-soaking stage. However, 
the test results are not reliable for judging the relationship between volume change and 
gradation of the aggregates.

Test 2 was conducted in a wet environment with relative humidity at 100%, 
maximizing the effect of freezing-thawing on the samples and consequently increasing 
the frost heave. The modified test 2 allowed the obtaining of more representative data, 
showing the importance of moisture control during the experiment. 

The samples were selected regarding to their mica content. However, micas can 
occur with minerals of large specific surface area (e.g. chlorites and clay minerals) and 
their possible influence should be studied in the future. Mineralogy of fines appeared to 
be one of the important parameters in assessment of frost susceptibility of base-course 
aggregates.

Forthcoming experiments have to be designed to control cooling rate and to meas-
ure a rate of frost heave in mm/h, allowing determination of the frost susceptibility of 
material according to present criteria. 

Acknowledgements  
This research work was funded by the Swedish National Road and Transport Research 
Institute (VTI) and Luleå University of Technology (LTU). The financial support pro-
vided by professor Erling Nordlund (LTU) is gratefully acknowledged. 



References 
1. Arm, M. et al. 2004. Glimmerhaltens inverkan på ett obundet vägmaterials defor-
mationsegenskaper – Resultat från laboratorieförsök (in Swedish). Statens geotekniska 
institut, Sweden, . 
2. Arvidsson, H. 2006. Dynamiska treaxialförsök på VTI: jämförelse mellan VTI-
metoder och EN 13286-7 (in Swedish). Väg- och trafikforskningsinstitutet, Linköping, 
Sweden. VTI Report 21.
3. ATB ROAD 2005 – Swedish Road Administration technical specifications for 
roads. World Wide Web Address: http://www.vv.se/templates/page3____14328.aspx
4. Brandl, H. 1977. Unbound courses in road engineering. Federal Ministry of Public 
Works and Technology, Vienna, Austria. 
5. Brandl, H. 2000. Freezing–thawing behaviour of soils and unbound road layers. In:
Geotechnical Problems of Construction, Architecture and Geoenvironment on Bound-
ary of XXI Century: Proceedings of the 1st Central Asian Geotechnical Symposium, As-
tana, Kazakhstan, Balkema, Rotterdam, the Netherlands.
6. Ekblad, J. 2007. Influence of water on coarse granular road material properties.
PhD thesis, KTH, Stockholm, Sweden. 
7. Höbeda, P. 1987. Glimmer i vägmaterial. Inverkan på egenskaper och analysmeto-
der för glimmerhalt (in Swedish). Väg- och trafikforskningsinstitutet, Linköping, Swe-
den. VTI Report 527.
8. Michalowski, R. 2006. Frost heave modeling using porosity rate function. Interna-
tional Journal for Numerical and Analytical Methods in Geomechanics, 30, 703–722 
9. Miskovsky, K. 2004. Enrichment of fine mica originating from rock aggregate pro-
duction and its influence on the mechanical properties of bituminous mixtures. Journal
of Materials Engineering and Performance, 13(5).
10. Nesse, W.D. 2004. Introduction to optical mineralogy, Oxford University Press.
11. Konrad, J.-M. & Lemieux, N. 2005. Influence of fines on frost heave characteristics 
of a well-graded base-course material. Canadian geotechnical journal, 42, 515-527. 
12. Hakim, H. & Said, S. 2003. Glimmer i bitumenbunda beläggningar – Inverkan av 
fina, fria glimmerkorn. VTI Report 8.
13. Simonsen, E. 1999. On thaw weakening of pavement structures. Doctoral thesis, 
KTH, Stockhom, Sweden. 
14.  Uthus, L. et al. 2006. A study on the influence of water and fines on the deformation 
properties and frost heave of unbound aggregates. Proceedings of the 13th International 
Conference on Cold Regions Engineering, Orono, Maine. 
15. Uthus, L. 2007. Deformation Properties of Unbound Granular Aggregates. Doctoral 
thesis, Norwegian University of Science and Technology, Trondheim, Norway.

http://www.vv.se/templates/page3____14328.aspx


Paper II 





The capillarity of mica-rich base-course aggregates 
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Abstract
In regions of temperate climate the destructive influence of frost is the main contributor 
to damage of a road structure. Commonly, the frost susceptibility of base-course aggre-
gates is often ignored in road construction. However, a number of studies on aggregates 
for construction purposes and field observations of road failures indicate a negative in-
fluence of mica-rich rock aggregates (used in unbound applications) on the service life 
of road construction.

The scope of the current work is to investigate the capillary properties of unbound 
base-course aggregates with varying free mica grains. The materials studied in this re-
search are commercially available road construction aggregates, and originating from 
different regions of Sweden. The mineral composition of the samples has been deter-
mined by polarizing microscopy using a point-count method. The parameter character-
izing the capillarity was measured using the test for determining capillary rise 
(VVMB24).  The results show that there is a direct correlation between mica content of 
the aggregates and water suction by capillary forces. Therefore mica-rich materials have 
a large potential to produce frost heave, thus confirming the tendency for frost suscepti-
bility of unbound aggregates.

Keywords: Aggregates, free mica grains, base-course, capillarity 



Introduction
A number of studies on aggregates for construction purposes and field observations of 
road failures, especially those caused by seasonal fluctuations of temperature, have re-
vealed a negative influence of mica-rich base-course aggregates on the service life of 
road construction (Ref 1-5). 

The presence of water within a road construction is one of the major factors, influencing 
its stability (Ref 1, 6, 7). Formation of ice lenses in unbound aggregates can occur when 
additional water can be drawn into porous space by capillary action. Capillarity together 
with permeability, grain size distribution, specific surface and mineral content are the 
key factors influencing moisture migration in the road construction causing the growth 
of ice lenses and frost heave (Ref 8). 

The capillary rise, a unit of measurement for capillarity, depends on pore size. The pre-
vious investigations have shown that capillary rise increases with decreasing pore size 
which in turn depends on grain size and grain distribution. The high frost susceptibility 
of fine material is pointed out (Ref 9, 10). However, the influence of the mineral com-
position of the fines is generally ignored (Ref 1). 

The present work focuses on the capillary water suction capacity of base-course consist-
ing of crushed aggregates with different free mica content in the fine fraction. The ag-
gregates have all been selected according to actual standards for commercially used 
base-course materials. Grain size distribution and degree of compaction in the capil-
larimeter were kept as constant as possible for all samples in order to obtain reliable 
data, showing the relationship between mica content and capillary rise. The capillarity 
determination test VVMB24 (Ref 11) was conducted. The experimental results showed 
an increase in capillarity rise with increasing amount of free mica particles leading to 
the conclusion that mica-rich aggregates are capable of transporting and absorbing 
higher amounts of water compared with aggregates of low mica content. This ability can 
cause significant frost heave, damaging road constructions, and should be taken into ac-
count in requirements for road materials. 

Materials and Methods 
The rock materials selected represent commercial base-course aggregates obtained from 
material producers throughout Sweden. The rock aggregate samples were chosen on the 
basis of free mica content in fine fraction.
The content of free mica grains for the analysed narrow grain size fractions (0.125-0.25 
mm, 0.25-0.5 mm, and 0.5-1.0 mm) is given in Table 1. The composition of the samples 
(Table 1) was determined through point counting of grain mounts (Ref 12) using a po-
larizing microscope.   



Table 1. Content of free mica (particle %) for respective samples and fine fractions
0.125-0.25 

mm
0.25-0.5 

mm
0.5-1.0  

mm
Mica content 
in thin section Description

Sample 1 81 71 51 Biotite 10 % 
Muscovite 20 % 

medium 
grained, mica-

rich gneiss 

Sample 2 56 46 40 
Biotite 20.3 % 
Chlorite 2.8 % 

Muscovite 3.2 % 

fine grained, 
schistose-

biotite-rich
semipelite 

Sample 3 40 29 20 
Biotite 0-37 % 
Chlorite 1.2 % 

Muscovite 6.6 % 

fine grained, 
schistose-

biotite-rich
semipelite 

Sample 4 19 19 7 
Biotite 5.6 % 

Chlorite 0.6 % 
Muscovite 2.5 % 

fine to medium 
grained, red 

weakly foliated 
granite

Sample 5 (reference) 0.9 0.5 0.4 Biotite 0.6 % 
Chlorite 0.9 % 

fine grained 
quartzite

The specimens were dried and sieved (Ref 13) into grain size fractions <0.063 mm, 
0.063-0.125 mm, 0.125-0.25 mm, 0.25-0.5 mm, 0.5-1.0 and 1.0-2.0 mm. The fractions 
>2 mm were discarded. Obtained fractions were proportioned and mixed to achieve re-
quired particle size distribution for standard base-course aggregates in accordance with 
road technical specifications of Swedish Road Administration (Ref 14), see Fig. 1. 
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Fig. 1  Particle size distribution for the samples. Material 0-2mm was used for capil-
larity test. 



The test procedures were carried out according to the test for capillarity VVMB24 (Ref 
11), using a capillarimeter m/50 with digital manometer (Fig. 2). The test was based on 
the principle described in Ref. 9. The capillarity rise was determined by measurement of 
the maximum underpressure that can be applied on one side of the water-soaked sample 
without occurrence of air breakthrough.
To investigate the effect of water soaking on capillarity, one set of samples was water-
soaked and stored in sealed plastic containers for 10 days prior to the test. 

Fig. 2  Capillarimeter m/50 with digital manometer. 



Results
The results of the capillarity test are presented as relationships in terms of capillary rise 
and mica content in Fig. 3 and 4. 
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Fig. 3  Results of the capillarity test of base-course aggregates with varying mica con-
tent.  The mica content decreases successively from sample 1 to sample 5. 

The test results revealed a strong correlation between capillarity rise and the content of 
mica. The values for capillary rise increased with increased mica content.  
However, sample 1 (with the highest value of free mica (51-81%)) showed a lower cap-
illary rise than sample 2 (40-56%). This can be explained by possible deviation in parti-
cle size distribution of the samples and can be related to a different mineral composition 
of the samples. 
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Fig. 4  Relationship between capillary rise and free mica content in the 0.125-0.25 mm 
fraction. Trendlines are polynomial, third order.

Fig. 4 indicates a strong relationship in terms of capillary rise and mica content. In addi-
tion, the results did not reveal any connection between capillarity and the effect of long-
term water-soaking. It confirmed that capillarity rise was influenced mainly by mineral-
ogy of the samples. 

Discussion and Conclusions
Results of the current research revealed an expected relationship between content of free 
mica particles and capillary suction. An increase in free mica content of the aggregates 
leads to an increase in ability to transport water from the surrounding water sources to 
base layers by capillary action. As a result, an accumulation of water in unbound layers 
enhances the frost action and, consequently, deterioration of road construction. 
The results pointed out the negative influence of mica-rich aggregates and concur with 
generally similar studies. 
The capillarity rise test confirmed the importance of factors such as compaction degree 
and grain size of the rock material. Gradation, degree of compaction and grain size 
should be kept as even as possible for all materials. Small deviation in these parameters 
can lead to high scatter in capillary rise values. 
The aim of the project presented was focused on the influence of mica on the capillarity 
of the aggregates. However, micas can occur with secondary minerals of large specific 
surface area (e.g. chlorites and clay minerals) and their possible influence should be 
studied in the future. Mineralogy of fines appeared to be one of the important parame-
ters in assessment of different characteristics (e.g. frost susceptibility) of base-course 
aggregates.



Acknowledgements  
This work was funded by the Swedish National Road and Transport Research Institute 
(VTI) and Luleå University of Technology (LTU). The financial support provided by 
professor Erling Nordlund (LTU) is gratefully acknowledged. Author acknowledges 
with appreciation the contributions of Karl-Johan Loorents (VTI) and Håkan Arvidsson 
(VTI) to present research work. 

References 

1. J.-M. Konrad and N. Lemieux, Influence of Fines on Frost Heave Characteristics 
of a Well-Graded Base-Course Material, Canadian geotechnical journal, 42, p 
515-527.

2. L. Uthus, “Deformation Properties of Unbound Granular Aggregates”, Ph.D. 
thesis, Norwegian University of Science and Technology, Trondheim, 2007. 

3. K. Miskovsky, Enrichment of Fine Mica Originating From Rock Aggregate Pro-
duction and Its Influence on the Mechanical Properties of Bituminous Mixtures, 
J. Mater. Eng. Perform. 2000, 13(5), p 607–611, ASM International 

4. M. Arm, H. Arvidsson, P. Höbeda, Glimmerhaltens inverkan på ett obundet 
vägmaterials deformationsegenskaper – resultat från laboratorieförsök, Varia 
535, Statens geotekniska institut, Linköping, 2004, in Swedish. 

5. H. Hakim and S. Said, Glimmer i bitumenbundna beläggningar - Inverkan av 
fina, fria glimmerkorn, VTI notat 8-2003, Statens väg-och transportforsknings-
institut (the Swedish National Road and Transport Research Institute), Linkö-
ping, 2003, in Swedish. 

6. E. Simonsen, “On Thaw Weakening of Pavement Structures”, Ph.D. thesis, 
Royal Institute of Technology, Stockhom, 1999. 

7. J. Ekblad, “Influence of water on coarse granular road material properties”,
Ph.D. thesis, Royal Institute of Technology, Stockhom, 2007. 

8. A. Andren, “Degradation of Rock and Shotcrete Due to Ice Pressure and Frost 
Shattering”, Research report 2006:19, Luleå University of Technology, 2006. 

9. G. Beskow, Om jordarternas kapillaritet (On the capillarity of soils. A new 
method for determining the capillary pressure (or capillary rise), Meddelande 
25, Svenska väginstitutet, Stockholm 1930, in Swedish with an English sum-
mary. 

10. H. Fagerström and C-E. Wiesel, Permeabilitet och kapillaritet. Förslag till geo-
tekniska laboratorieanvisningar, del 5, Byggforskningens informationsblad 
B7:1972, Stockholm, 1972, in Swedish. 

11. ”Jordarter. Bestämning av kapillaritet (Soils. Measurement of capillarity.)”, 
VVMB 24, VV Publ nr 1987:167, Swedish Road Administration, Borlänge, 
1987, 5 p, in Swedish http://www.vv.se/filer/publikationer/vvmb24.pdf

12. W.D. Nesse, Introduction to Optical Mineralogy, Oxford University Press, 2004, 
p 348. 

13. “Tests for Geometrical Properties of Aggregates—Part 1: Determination of Par-
ticle Size Distribution—Sieving Method”, EN 933-1:1997, European Committee 
for Standardization, 1997. 

14. ”ATB VÄG 2005”, VV Publ nr 2005:113, Swedish Road Administration, Bor-
länge, 2005, in Swedish http://www.vv.se/templates/page3____14328.aspx

http://www.vv.se/filer/publikationer/vvmb24.pdf
http://www.vv.se/templates/page3____14328.aspx




Paper III 





Mica – water absorption and retaining capacity 

D. Kondelchuka, E. Novikova, K-J. Loorentsb, K. Miskovskya, O. Löfgrenc

aDepartment of Civil, Mining and Environmental Engineering,
Luleå University of Technology, SE-971 87 Luleå, Sweden 

bSwedish National Road and Transport Research Institute, SE-581 95 Linköping, Swe-
den

cEkovision nord, Granvägen 22, SE-922 32 Vindeln, Sweden

Abstract
Increased mica content in fine fractions of aggregates used in road construction causes 
critical structural deterioration of the pavement, significantly reducing the lifetime of 
roads. The cause of such influence is mica-water interaction and seasonal temperature 
cycles.

The current study enhances knowledge of the behaviour of mica rich aggregates in 
interaction with water in terms of fraction sizes and free mica content. The mineralogy 
of the materials investigated in the tests was obtained by using a polarizing microscope 
and point count technique. Two major parameters were investigated during the research: 
water storage capacity and specific water saturation value. With the aid of consecutive 
analytical and statistical analyses a more precise mica presence threshold was indicated, 
resulting in recommendations for industry, authorities and for future experiments. 

Due to the lack of previous investigations looking at this or similar subject, the 
current research can have international importance, especially for countries with crystal-
line, mica rich bedrock and temperate, subarctic climates. 

Keywords: Free mica, water retaining capacity, specific water saturation 



Introduction
Recently a number of cases involving road construction failures and decrease in service 
life have been observed in northern parts of Sweden. One of the major reasons for the 
structural deterioration was enrichment of free mica particles in aggregates and their 
interaction with water.  

According to Miskovsky (2004) a high content of free mica in fine fractions, in both 
bound and unbound applications, will negatively influence the stability of the road con-
struction. Thus content of free mica grains in the fine fraction, and thermal- and water 
flow regime of the construction are of particular importance for the service life of a 
pavement design (Uthus 2006).  
Consequently several investigations have been made at the Swedish National Road and 
Transport Research Institute (VTI) and the Swedish Road Administration (SRA). The 
conclusion of those investigations was that high amounts of free mica content in aggre-
gates have a negative influence on the quality of both bound and unbound applications 
e.g. asphalt mass and aggregates for unbound applications (Hakim 2003; Arm 2004; 
Loorents 2007). The results pointed out the necessity of reducing the quantity of free 
mica in several crushed rock products. In order to diminish the negative influence of 
free mica on road construction the SRA proposed a 30 to 50 per cent threshold value for 
mica content for certain unbound applications. In addition there is great demand for de-
tailed investigations concerning the mica problem and determination of a strict thresh-
old value of free mica content in both bound and unbound applications (Miskovsky 
2004).

The negative influence of mica rich aggregates on structural deterioration of roads has 
been discussed and new topics have been identified, i.e. knowledge concerning the in-
fluence of water on free mica particles in road construction materials and acceptable 
levels of mica minerals in different fine fractions (Hakim 2003; Ekblad 2007).  

Previous studies have identified the free mica-water interaction as one of the critical pa-
rameters for structural deterioration (Uthus 2006; Ekblad 2007). Accumulation of water 
in mica rich aggregates is the main reason for road heaving, rutting and reduction of 
bearing capacity during seasonal climate variation. 

However, evaluation of micas’ water storage, properties concerning the time of water 
absorption, quantity and volume changes, as well as water saturation capacity compared 
to the bulk aggregate have not been investigated. The effect of free mica-water interac-
tion is of principal importance for regions using crystalline, mica rich bedrock as an ag-
gregate source and having a temperate, sub arctic climate. 

The main objective of the present study was to investigate the influence of water on fine 
fractions of crushed rock aggregates containing varying amounts of free mica particles. 
The first phase was to determine free micas’ water storage capacity compared to other 
bulk aggregate minerals (quartz and feldspar) by using rock materials of dissimilar con-
tent of free mica and narrow grain size fractions. The water storage capacity was deter-
mined by the drying time of the water saturated sample. The second phase was to calcu-
late the specific water saturation value, using the same material set up as for the first 
phase. The obtained results can be applied to the discussion on threshold values regard-
ing acceptable amount of free mica grains in road constructions aggregates. 



Materials and Methods
The experimental design has been based on narrow grain size fractions – derived from 
crushed rock aggregates – for which the water storage capacity and water saturation 
characteristics have been determined. The main material variable of interest has been 
the amount of free mica grains in the crushed rock aggregate. Thus mica content has 
been determined both for the aggregate source rock as volume % of the rock’s minera-
logical composition, and for each narrow grain size fraction as particle % of the grain 
size fraction particle composition. The materials used in tests are all commercially 
available crushed rock aggregates (samples 1, 2 and 3) and commercial mica (Sample 
4). Material 1, with the lowest mica content, was used as a reference material. 

Materials  
Material 1 is a fine to medium grained red, weakly foliated granite, with a mineralogical 
composition: K-feldspar>quartz>plagioclase>biotite>muscovite. Accessory minerals 
include chlorite, epidote, opaque and clay minerals. An inequigranular distribution of 
grains with an interlobate shape of grain aggregates and anhedral grain shape describes 
the microstructure. The foliation is described by a continuous schistosity, characterized 
by parallel orientated grains of mica, quartz and feldspar. Megacrysts of K-feldspar and 
quartz are present. The quartz grains (anhedral) have undulose extinction and ‘sub 
grains’ that may indicate a compressive deformation (Table 1). 

Material 2 is a fine grained grey schist with a mineralogical composition: 
quartz>biotite>feldspar. Accessory minerals are muscovite, chlorite, amphibole, 
opaque, epidote, and zircon. An equigranular distribution of grains with an interlobate 
shape of grain aggregates and anhedral to subhedral grain shape describes the micro-
structure. The foliation is described by a continuous schistosity, characterized by paral-
lel orientated grains of biotite, quartz and feldspar. Megacrysts of feldspar and quartz 
are present. The quartz grains (anhedral) have undulose extinction and ‘sub grains’ that 
may indicate a compressive deformation (Table 1). 

Material 3 is a dark medium to coarse grained orthogneiss with a mineralogical compo-
sition: plagioclase>biotite>quartz>hornblende>K-feldspar. Accessory minerals include 
opaque, apatite and zircon. An inequigranular distribution of grains with polygonal 
shape of grain aggregates and subhedral grain shape describes the microstructure. The 
foliation is described by a spaced schistosity (compositional layering) with parallel crys-
tal of biotite defining the cleavage domains and orientated quartz-feldspar the micro-
lithons. The quartz grains have undulose extinction (Table 1).

Material 4 is commercial biotite. 



(a)    (b)

(c) 

Figure 1. Polarized images of the samples: (a) - material 1, (b) - material 2, (c) - mate-
rial 3

Table 1. Mineralogical composition obtained in thin sections by point-counting (in vol. 
%) together with textural characterisation of the samples. Mineral transformations re-
lated to alteration (hypogene processes) and weathering (supergene processes) together 
with micro fractures are mapped according to a relative scale where 0 indicates no 
transformation or presence of fractures and 5 indicates total transformation or maxi-
mum presence of fractures.  Textural information is given in the general form: value, 
object (other information). 



Free mica content in samples 
The content of free mica grains has been obtained in narrow grain size fractions by dry 
sieving according to EN 933-1. From the sieving, each of the following grain size frac-
tions were collected for analysis: < 0.063 mm, 0.063-0.125 mm, 0.125-0.25 mm, 0.25-
0.5 mm, 0.5-1.0. Mica content of the collected grain size fractions was determined by 
using a polarizing microscope and point counting technique according to the method 
RILEM AAR-1, Technique 2 (Sims and Nixon, 2003). Thin sections where prepared as 
grain mounts (Nesse 2004) from 2 - 4 g of the narrow aggregate for each collected grain 
fraction. The result of the count is listed in Table 2 as particle %. 

Table 2. Mica contents for respective samples of different fractions
Sample nr.  Mica content, % 

<0.063 0.063-0.125 0.125-0.25 0.25-0.5 0.5-1.0 

Sample 1*  20 19 19 7 
Sample 2 88 53 56 46 40 
Sample 3 78 59 56 54 34 
Sample 4 100% pure mica 
* Reference material



Water storage capacity 
The experimental procedure was designed to estimate the ability of mica-rich materials 
to retain water due to specific grain orientation, capillary effects and structural features 
of mica particles in comparison with mica-poor ones. The approach taken during the 
study was to measure water weight losses driven by evaporation in terms of time. The 
experimental set up:  

1. Samples were stored in leak-proof containers with open top to provide required 
evaporation 

2. Initially all samples were fully immersed in water  

3. Test was conducted at room temperature and humidity 

Samples used for the water storage capacity determination are presented in Table 2. To 
remove in-situ moisture content, the materials were dried at a temperature of 1040C, se-
lected and placed, according to mica content and fraction, in plastic containers (with 
dimensions 30mm – bottom diameter, 40mm – top diameter, 45mm in height). Sample 
preparation was done by pouring the dry materials into the container to a height of 44 
mm and then weighting. The samples were then immersed in water and stored for 3 
days to attain soaked or as close as possible saturated conditions. After storage any ex-
cessive water over the material surface was removed and the weight and volume of satu-
rated samples were measured. Volume changes were registered as a difference between 
initial height of the dry sample in the container and the height of the sample after soak-
ing. The samples were left to dry at room humidity and temperature. The decrease in 
weight of the samples was measured daily until the samples reached constant dry weight 
i.e. all water content was evaporated and the sample weights remained unvaried. The 
results of the test are presented in Table 3 showing the grain size fraction, sample and 
the time necessary to achieve dry condition. . 

Table 3. Results of the water storage capacity test

Fraction, mm Sample     Drying time, day 
<0.063  2   17  
  3   14  
       
0.063-0.125 1   11  
  2   14  
  3   12  
  4   17  
       
0.125-0.25 1   10  
  2   12  

 3   12  
  4   18  
       
0.25-0.5  1   10  
  2   12  
  3   11  

 4   20  
       
0.5-1.0  1   10  
  2   12  
  3   10  
  4   20  



Specific water saturation 
The scope of the second step of the experiment was to compare the ability of materials 
with different mica content to absorb water. The materials used for this part of the ex-
periment were the same as for the first. Also sample preparation procedures were identi-
cal to the first phase. Accordingly the weights of water-soaked samples have been 
measured and the specific water saturation values calculated using the following for-
mula:

Specific water saturation = (Volume of added water, ml) / (Weight of dry material, g) 

The results of the specific water saturation test are shown in Table 4. 

Table 4. Specific water saturation, ml/g
<0.063 0.063 - 0.125 0.125 - 0.25 0.25 - 0.5 0.5 - 1.0 

Sample 1 -  313 321 322 308 
Sample 2 736 509 408 365 318 
Sample 3 433 399 374 342 329 

Sample 4  - 727 742 680 -  

A second test series for the specific water saturation, based on the same samples and 
experimental design, was performed to increase reliability of obtained data by consecu-
tive statistical analysis. The results of the second test are presented in Table 5.  

Table 5. Specific water saturation, ml/g
<0.063 0.063 - 0.125 0.125 - 0.25 0.25 - 0.5 0.5 - 1.0 

Sample 1  - 339 273 296  - 
Sample 2 771 501 444 389 340 
Sample 3 469 406 390 387 357 

Sample 4  - 726 725 688  - 



Statistical analysis of the results 
The statistical analyses of the results obtained show a strong positive correlation be-
tween the content of free mica particles and the water absorption of aggregates (tables 6, 
7). However the relationship was not linear but exponential and is treated further below. 
The results also showed an obvious influence of grain size on the increasing absorption 
of moisture. The fine fractions can take up and store more water compared with coarse 
ones. Examples are given in figure 2 for specific water absorption and figure 3 for the 
time of drying. 

Table 6. Relationship between free mica content and specific water saturation. The two 
treatment replicates are presented separately (1, 2). Data for all fractions were used for 
calculations. Spearman’s correlation coefficients and the level of significance are de-
noted as (rs) and (p) respectively. N = 17 in all cases. 

Mica content (vol%)/water 
saturation  (ml/g)

(rs) (p)

Test 1 0.93 < 0.001 
Test 2 0.91 < 0.001 

Table 7. Relationship between free mica content and time of drying. The two replicates 
of treatments are presented separately (1, 2). Data for all fractions were used for calcu-
lations. Spearman’s correlation coefficients and the level of significance are denoted as 
(rs) and (p) respectively. N = 17 in all cases. 

Mica content (vol%)/ time
of drying (days)

(rs) (p)

Test 1 0.95 < 0.001 
Test 2 0.91 < 0.001 

Plotting the indices of water saturation in relation to the content of free mica revealed an 
exponential rather than linear positive relationship (figure 4). A similar pattern was 
found in the relation of drying time to the content of mica (figure 5). A quadratic func-
tion gave a reasonable fit in both cases. Hence, most likely there is a break point for the 
content of mica where the water uptake increases exponentially. However, the data used 
in these tests are too limited to permit a more precise estimation of this interval.   



Figure 2. Specific water saturation for different grain sizes (class 1= < 0.063, 2 = 
0.063-0.125, 3 = 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Mean value for each frac-
tion and 95 percent confidence interval of mean is given. N=17. The two replicates of 
testing are denoted by 1 and 2 respectively

Figure 3. Time of drying for different grain sizes (class 1= < 0.063, 2 = 0.063-0.125, 3 
= 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Mean value for each fraction and 95 per-
cent confidence interval of mean is given. N=17. The two replicates of testing are de-
noted by 1 and 2 respectively



Figure 4. Relationship between the free mica content and specific water saturation. The 
two replicates of testing are given separately (1, 2). Data for all fractions are included 
N = 17. Curves are fitted to data by quadratic smoothing.

Figure 5. Relationship between the free mica content and drying time. The two repli-
cates of testing are presented separately (1, 2). Data for all different fractions are in-
cluded N = 17. Curves are fitted to data by quadratic smoothing.



Comparisons of materials originating from different localities

Comparisons of specific water saturation and drying time in crushed rock materials 
from different localities are presented in figures 6 and 7 below.

Figure 6. Specific water saturation for different grain sizes originating from different 
localities (class 1= < 0.063, 2 = 0.063-0.125, 3 = 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in 
mm). Data for replicate test no 2.

The results in figure 6 explain the influence of mica content and its grain size on the 
specific water saturation value. Sample 4 (content of mica 100%) displays the highest 
values in all fractions while sample 1 (mica content 20.3, 19.1, 18.6 and 7.3 resp.) has 
the lowest values. Samples 1 and 4 show an increasing specific saturation value with 
decreasing particle size of mica. The general conclusion based on the results obtained is 
that the mica rich aggregates can absorb and store more then 20-30% more water com-
pared with mica poor rock types.     



Figure 7. Time of drying for different grain sizes originating from different localities 
(class 1 < 0.063, 2 = 0.063-0.125, 3 = 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Data 
for replicate test no 2 

Figure 7 displays the drying conditions for aggregate fines containing different amounts 
of mica. The drying time for sample 4 (100% mica) was roughly 50% longer compared 
with sample 1 (mica content 20.3, 19.1, 18.6 and 7.3 resp.) representing mica poor rock 
types. The influence of grain size on time of drying is demonstrated by all samples. 

Discussion

The experimental program shows that fine fractions with relatively high mica content 
(more than 30 vol. %) can absorb greater amounts of water and retain it for longer time 
in comparison with mica poor rock types (less than 20 vol. %).

The first test revealed expected results i.e. samples with increased content of free mica 
(more than 30 vol. %) gave a significant difference in dry out time in comparison to the 
reference material (Sample 1). This can be interpreted as the ability of mica-rich materi-



als to store water for a longer period of time, in comparison with materials having lower 
amounts of free mica. 

All materials showed an increase in drying time with a decrease in grain size fraction. 
The behaviour of samples was as expected and was caused by the enrichment of free 
mica particles in the finer fractions, i.e. with reducing grain size fraction the amounts of 
free mica particles significantly increases and therefore causes longer dry-out time. The 
main possible reason for such behaviour can be the increase of specific reaction surface 
with decreasing fraction size. The enrichment of mica particles in the finer fractions was 
studied in detail by Loorents (2007) and Miskovsky (2004). Hence we can conclude that 
water storage capacity is a function of grain size fraction and mica content. 

In addition, samples 1, 2 and 3 of finer fractions (less than 0.125mm) changed the loose 
consistency into a cemented one after completion of the test while sample 4 remained 
loose. The result of the cohesion test indicates that the cohesion depends only on the 
fraction size and consequently on the fines content without any relation to mica content.  

In order to secure the results of the first experiment (water storage capacity) the second 
experimental step was carried out. It was assumed that one of the most important factors 
for increased water storage capacity of the mica-rich materials is the ability of mica to 
absorb water to “high” amounts. To characterize this ability, the specific water satura-
tion was chosen as the most appropriate parameter representing the proper amount of 
water required for full water saturation for a certain mass of the material.  

The result of the experiment showed that sample 4 consisting of 100% mica exhibited 
the highest water sorption value (742 ml/g, fraction 0.125-0.25 mm) and sample 1 con-
taining the smallest amount of mica indicated the lowest value (321 ml/g, fraction 
0.125-0.25 mm). Hence there is a positive correlation between mica content in aggre-
gates and water sorption capacity, i.e. increase in amount of mica leads to increased wa-
ter saturation (fig. 3, 4). 

Conclusion
Current research has focused on the behaviour of mica rich aggregates in interaction 
with water in terms of fraction sizes and free mica content. All materials studied showed 
susceptibility to increased water sorption as a consequence of free mica particles pres-
ence. The general tendency was for an increase in drying time and increase in water 
sorption with an increase in mica content, i.e. a strong positive correlation was observed 
between mica content, grain size, water sorption and water storage of the aggregates.
The experiment showed that aggregates with relatively high mica content (more than 30 
vol. %) can absorb and store 20-30% more water compared to mica poor ones (less than 
20 vol. %). The influence of mica on the water sorption of the aggregates begins at frac-
tion size 0.5-1 mm. These results can be taken into consideration when determining 
threshold values regarding acceptable amounts of free mica grains in road constructions 
aggregates. The estimation of the critical point of mica content is not final and demands 
involving a greater number of integrated samples of finer fractions having mica content 
within the critical area. 
The results of this work can have international importance in the road construction in-
dustry and for road authorities especially for countries with crystalline, mica rich bed-
rock and temperate, subarctic climates.
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