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FIELD RESEARCH AND RELATED PROJECTS

Field research in the Indian Himalayas was conducted in the time from May 2002 till January
2003. Financial support was given by a scholarship from the University of Technology in Graz
in 2002. Field research in Iran was conducted in 2003. From June 2005 till December 2006 field
research was conducted in the Indian Himalayas, also in Pakistan and Nepal. In March and April
2010 field research to Central and West Tibet, Xinjiang, Qinghai and Gansu was undertaken
as part of an Austrian Science Fund (FWF) project P21806-G19 “Society, Power and Religion
in Pre-Modern Western Tibet: Interaction, Conflict and Integration”. In July and August 2011
field research to Kashmir and Ladakh was conducted as part of the same project P21806-G19
and sponsored by the Osterreichische Forschungsgesellschaft (OFG). In June 2014 and also in
November and December 2015 field research enabled studies in Central Tibet, both expeditions
being part of the Austrian Science Fund (FWF) project P 25066 “The Burial Mounds of Central
Tibet”. During the mentioned field research the samples treated within this contribution were
collected. From September 2014 till February 2015 the project “Clay mineral analysis” under
the leadership of the author was granted by the Institute of Social Anthropology at the Austrian
Academy of Sciences in Vienna (OAW) and The Austrian Research Promotion Agency (FFG) in
cooperation with the Institute of Applied Geology at the University of Natural Resources and Life
Sciences in Vienna (IAG / BOKU).

This publication is based on the author’s second PhD thesis, submitted and approved in 2017
at the Institute of Applied Geology at the University of Natural Resources and Life Sciences in
Vienna.

CONVENTIONS

Common local terms are presented in phonetic transcription. Their transliteration is given in
brackets when first noted. Tibetan terms have been transliterated according to the system of Turrel
W. Wylie (1959).

Source references in the text are placed directly following the concerned text passage before the
following punctuation character. In the case the source refers to more than one successive sen-
tences, the source reference is given after the punctuation character of the last concerned sentence.






I. INTRODUCTION

The use of mineral based building material in the Himalayas has a long tradition, probably reach-
ing back to the first settlements. Use of such material was, and partially still is, deeply anchored as
an essential material cultural fingerprint and certainly a manifestation of cultural identity. Mineral
building tradition influenced the evolution of certain structural features which were inseparably
intermingled with daily life and the structuring of the annual rural working cycle.

Different techniques were applied and adjusted to local conditions and needs. Rammed earth
structures, adobe bricks, flat roofs, clay plaster, wattle and daub constructions, Tibetan stoves,
clay sculptures and pottery are made with locally available resources on a mineral basis. The use
of fired bricks in the Himalayas is reserved for the Himalayan border zones while in the Tibetan
cultural zone we find fired bricks at only a few historical structures, for example, the Jokhang
in Lhasa. Contrary to bricks, kilns for pottery have a long tradition in the Tibetan cultural zone.
Within the last years in Ladakh the first known kiln was erected.

The use of clay and the choice of the appropriate building technique are highly dependent on the
locally available natural resources such as the type of clay, vegetation and climatic conditions,
all of which may change from region to region. The beginning of earth building tradition remains
open. We can much better argue for the existence of particular traditions in a historical context of
prestigious — primarily religious — structures.

In the Western Himalayas the earliest Buddhist structures using clay as part of the primary struc-
ture can be dated back at least to the 10" century, and in the Central Himalayas to the 7" century
CE. This dating has to be understood as an imprecise benchmark since we assume that already in
earlier days clay was used at least for the preparation of mortar, plaster or flat roof constructions.
As an example we can mention the 9"/10" century temple in Ribba, which is primarily a wooden
structure (cf. Feiglstorfer, forthcoming a), with clay used for the interior plaster, the rammed earth
floor and the flat roof. In this concern, knowledge about the foundation date of particular struc-
tures is certainly helpful in addressing the existence of a certain tradition in a particular period.
Beyond this it is the question for a specific material culture itself. The availability of classifiable
historical data depends on the availability of written sources or empirical examinations. Due to
historical data, religious structures can be dated, i.e. by wall inscriptions or other written records,
while historical data of vernacular structures usually rely on oral information which may be im-
precise or distorted by misinterpretations of the informer or by missing data.

Traditions may have changed by adapting changing conditions and needs. Those we find today
may not have existed in the same form at an earlier period at the same place. As mentioned by
Nyema Tashi, in Lhasa until roughly 600 years ago adobe and rammed earth structures were
prevalent. This changed in the following periods when stone constructions were preferred, for
example, during the 5" Dalai Lama in the 17" century (Interview Nyema Tashi 2014).

https://doi.org/10.1515/9783110591330-003
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Clay as a building material as such occurs with different compositions and properties related to
use within a particular construction. Regarding the use of a specific clay material we are con-
fronted with various influencing aspects which are briefly mentioned in the following. Building
traditions based on the harmonisation of material resources and constructive needs are the main
focus of this observation.

Availability of a particular material: The local availability of a particular material is defined by
nature and the knowledge of the inhabitants regarding the location of quarries. Impact on
the present research: The investigation of the respective raw material plays an important
role in this matter. The author collected samples of clay, and their use as building material
is documented, dependent on oral information from local people. The collected samples
are the carriers of material information over which certain traditional characteristics can
empirically be examined and understood.

Transport: Mineral building materials have to be transported from the quarry to the place of pro-
cessing, which is mainly the building site itself. The higher the effort in quarrying and trans-
portation, the higher the costs. The easiest way is to quarry material at the building site or
in close vicinity. To achieve a higher quality for prestigious structures, material may have to
be transported over longer distances. This need is mainly related to the architectural surface
but, as we will see in Chapter I1I on arga roofs, also affects parts of the primary structure.
This matter marks a major influence on the choice of a particular mineral building mate-
rial and is still a driving force for progress and related changes within traditional patterns.
The use of a particularly fine plaster as a substructure for wall paintings or the utilisation of
arga stone material to produce a roof of a higher strength are both examples to be found in
buildings of a higher social status. Impact on the present research: The traceability of the
origin of certain types of clay can be given by local designation, knowledge of particular
properties of the used building materials, and knowledge of particular ways in processing
materials. Within all these matters the modes and routes of transportation play a crucial role
in the dissemination of knowledge on the use of particular qualities of building material.

Local knowledge: The use of a traditional building material can be understood as a product of
a continuous collective cognitive process, not as a definitively defined formula. Its use and
related material traditions are the positive result of a continuous process of practical learn-
ing, always conforming to the given local conditions. Embedding of a particular material
culture within a network of local traditions is in a wider scale a synergetic interaction within
a wide network of information and a related dissemination of traditions.

Local knowledge may seem definable by data, primarily collected during field research.
At this point a clear limitation to this often given misinterpretation has to be stated: As the
researcher is not part of a particular local system as the holder of traditions, only fragments
can be ascertained within a smaller or bigger context but always remaining a part of the
whole. After documentation we often can not exclude that the researcher may not have de-
tected several important research relevant facts, or even that the informants did not mention
these facts. This possible lack should be kept in mind within this contribution so as to be
aware of giving a wrong impression of possibly more complex facts.
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Local traditions are not the only way to work with particular materials. This can be seen
in the different use of clay in different areas, like using a different amount of layers in the
roof construction or adding different kinds of organic materials in a different amount. These
traditions grew with access to particular natural resources, which predefine the quality of
the clay, or the availability of certain types of organic material.

In this context, building with clay is not to be captured with recipes as we know from build-
ing with concrete, for example, but it is to be integrated in a wide range of possibilities
of mixtures. Besides certain features, as described before, which are certainly related to a
specific region, it is also the sticking to use of certain methods as part of a particular tradi-
tion that has grown over the years at a particular site. Regarding the possibility of changing
qualities — comparing stone, wood and clay — primarily the mineral components enable this
kind of a subsequent refinement of the entire building material.

This matter is related to a network of different scientific disciplines. Research on mineral
traditions is embedded in a wide net of transdisciplinary synergies. The focus of the present
study is on material culture with specialisation on clay as a building material, though this
may not cover the wide field of data necessary to determine a comprehensive picture of
knowledge transfer. This material focus limits the question for a possible knowledge trans-
fer to particular mineral building materials. Research on the knowledge transfer becomes
an essential field in a further investigation on a bigger scale regarding a material-cultural
context over distances of hundreds of kilometres.

‘Modern’ understanding versus tradition: The correlation of structures and constructions is
related to architectural questions, and in a further aspect deeply connected with qualities
of building materials. Knowledge of such qualities is often understood as something that
‘works without discussion’, i.e. an approach to which we are used to in ‘modern’ architec-
ture resulting from the qualities of building products being linked to a particular market and
by that to a particular quality-regulating predefinition. In a rather Western sense simply said,
“Today we rely on what we can buy” which is not the same with traditionally used natural
products since their qualities depend on environmental traditions and individual use. No
pre-regulation defines the quality of particular building material. It was the process of tradi-
tion with its selection of proper and unsuitable material by trial and error, oral transmission
or custom. As part of an ongoing knowledge transfer, the particular raw materials with their
respective characteristics found their suitable architectural installation area. Traditional
knowledge was not built on science but on experience — a potentially lengthy process lasting
generations. Today in most areas, even those that are remote, a break with tradition is taking
place and ‘modern’ architectural influences are gaining the upper hand. In many Himalayan
villages the preservation of knowledge depends only on a few, mostly elderly people. It
is uncertain how long this knowledge will be accessible first-hand. The use of particular
building materials, the description of their quality, and where to find them was generally not
written down. In most areas of the Himalayas such knowledge based on oral transmission,
if not documented within the next decades, will be potentially lost forever. One of the main
motivations for this study is saving a piece of this material cultural heritage. Impact on the
present research: The material analysis of the used building material and the understanding



14 Chapter |

of its architectural relation give important meaning to the motivation for deciding to accept
a particular material and its use. One of the main challenges of scientific research in this
field is seen in proper documentation and understanding of the analysed material. The un-
derstanding of processes within material cultural traditions is an inevitable precondition for
answers to the wide and important question of “What can we learn from tradition?”. Since
we are concerned with several vanishing structures, this documentation is also an important
contribution in keeping information on cultural identities as part of a collective memory.

As study cases for the interaction between raw material and their traditional application, three
research topics are chosen. A central aim of this study is to generate a methodical approach for
particular study cases. Basically we aim to distinguish between three different cases:

1. The investigation of a historical site.
2. A particular traditional construction technique.
3. A particular commonly known type of clay.

1. RESEARCH TOPICS

Chapter I: Introduction

This chapter gives insight into the research topics, the research questions and the methods of sur-
vey. Research methods are explained and the geological and tectonic setting of this publication
is explained.

Chapter II: Mineral traditions at the Nyarma Monastery in Ladakh

This chapter deals with method to analyse material traditions of in the village of Nyarma which
is located in Ladakh in North India. Raw material resources are brought in relation to their ap-
plication for adobe bricks and clay plasters. Questions for variations of processing for the single
building components are raised.

Chapter III: Arga stone roof construction

This chapter is concerned with Himalayan flat roof constructions in general and a particular stone
roof construction specifically. Contrary to research Chapter Il, this topic is not related to one
specific site but to particular flat roof techniques used over the whole Tibetan cultural zone from
North India to East Tibet. In this relation various raw material resources and related techniques
are examined.

Chapter IV: Markalak clay

This chapter focuses on the quality of a specific type of clay which is widely known over the
Western Himalayas. Similar to research in Chapter III it is not related to one specific site but on
the contrary it is related to a type of building material and not primarily to a building technique. It
questions specific material qualities as carriers of common knowledge patterns and their possible
long-distance dissemination.
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2. RESEARCH QUESTIONS

A central research question focuses on material features to harmonise qualities of mineral raw
material, and then to process this material for traditional architectural application. Regarding the
wide field of this study, several further research questions focus on the three research topics and
are particularly adjusted to them. In Chapters II to IV research questions are posed before starting
with the material analysis, and a conclusion is given at the end of each of the Chapters II to I'V. In
general these research questions contain the following aspects, which will be adjusted in each of
these three chapters according to the respective research topic.

- Are there any material qualities to categorise a particular clay?

- Are the particular material qualities related to specific components?

- What are the material qualities that support the use of a particular raw material for building
purposes?

- What are the geological parameters of the particular raw material?

3. METHODS OF SURVEY

In the context of a field survey, common tools utilised for on-site architectural survey include
measuring, taking pictures, and oral documentation by conducting interviews. Building research
within a scientific scope is heavily based on field research which relies on the documentation of
three dimensional objects. This also includes when objects no longer or only partially exist and
have to be reconstructed.

Working with traditional structures often leads to remote locations. In an article on field docu-
mentation (Feiglstorfer 2008), the author attempted to touch upon a topic with which he is con-
tinuously confronted: How to act in remote areas, partially as a single surveying researcher, and
possibly also with restrictions in applying highly technical equipment. Such circumstances make
it particularly challenging to establish methods of survey capable of being conducted by a single
person (ibid. 96). In the amount and size of portable equipment we can distinguish between a
survey conducted within a survey team and a survey conducted by one’s self as an individual and
if necessary, with local support. Besides simple equipment such as a hand laser measuring tool,
a measuring tape, a bubble level, and a plumb, digital methods for processing image data are
helpful. GPS is another important tool that is frequently used within this research (ibid. 98). To
generate maps, GPS data are merged with GIS data (cf. Feiglstorfer 2012).
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4. RESEARCH METHODS

4.1 Documentation

During the expeditions the samples were catalogued following parameters such as where they
were found. Collected samples were shipped to Austria for further analysis. Before storing the
samples in a refrigerated room at the IAG / BOKU (Institute of Applied Geology / University of
Natural Resources and Life Sciences in Vienna), they were numbered once more following the
consecutive numbering in the institute’s book of samples. The label of the samples in this text is
related to this numbering at the laboratory, and for further identification in the text, the samples
are listed in a table.

The following parameters are part of the research on site:
- Locally specific names of the samples: Local names of specific kinds of clay were used for fur-

ther identification of the particular material since the names may indicate a certain location of
where to find the clay or give information about a certain material quality. Local names were
not existent for all kinds of clay. For identification of each sample, the number entered in the
book of samples will enable its identification for further tests.

- Description of where material was found: Contains the region, the place’s name, the name and

type of building and the location within the building. In the case of material collected at clay
pits, the location of the pit is described and the locally known use of the material documented.

- General description of the material appearance of the samples, such as colour, taste and smell,

haptic perception, grain size, and used additives: These parameters follow a testing with all
senses, primarily conducted onsite. The importance of citing such parameters lies in the prac-
tical importance for the builder who is not primarily confronted with scientific data but with
what can be immediately perceived about the material qualities on site.

- General description of constructions: Local earth building traditions are documented descrip-

tively. Their features are described, and structures as a whole and in detail will be visualised
as drawings, plans and photographs. For analysis, the following documentation is required:

o Architectural survey

o Description of the natural environment

o Description of constructions and the processing of materials

° Plans (ground plans, sections, elevations)

o Drawings of the constructive properties and details

o Photographs

o GPS-position of the single objects

o Interviews and local reports on the use and processing of building materials

- Constructions: Based on the collected material, examinations were conducted regarding the

choice of such a material for a particular construction and the material’s particular processing.
Technical parameters of the constructive typologies and their dependence on particular clay
material are discussed. Analysis focuses on the following points:
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o Detailed observation of the single constructions and crafts

o Comparative building traditions

o Technical properties

° Local particularities

° Impact of the natural environment on the use of these constructions

° Possible relation between the use of particular clay material and the type of construction

4.2 Laboratory methods

In each of the Chapters II to IV the tables for grain size analysis (GSA), bulk mineral analy-
sis (BMA) and clay mineral analysis (CMA) are given at the end of the sub-chapter “Mineral
analysis”.

4.2.1 Grain size analysis (GSA)

Particle size analysis was carried out as a combination of wet sieving (fractions >20 pum) along
with sedimentation-analysis with Micromeritics Sedigraph III (fractions <20 pm). 50 g of air-
dried clay were treated for dispersion and destruction of organic substances over several days
with app. 200 ml of 10%-hydrogen peroxide. After completion of the reaction, oxygen in surplus
was removed by boiling in a water bath. After sonication, the sample was sieved. Residues of
sieving (>2,000 pm, >630 pm, >200 um, >63 pm and >20 um) were dried and weighed. The frac-
tion <20 um is used for the sedimentation analysis in the sedigraph after sonication. Results from
sieving and sedigraph are combined.

4.2.2 Grain shapes
Grain shapes are determined according to Tucker (1985: 17, 18) using the following code (see

Appendix of Chapter IV):
0 very angular
1 angular
2 angular with beginning rounding
3 slightly rounded
4 rounded
5 well rounded

4.2.3 Bulk mineral analysis (BMA) by XRD

Evaluation of an average amount of certain minerals is conducted according to peak intensity
in relation to the general peak intensity. The intensities in the BMA tables are given with the
following categorisation. Attention is also given amounts that deviate from the average. This
semi-quantitative evaluation is given in proportional relation of the samples to each other. Since
calcite and gypsum can be added for strengthening constructive features of particular clay mix-
tures, their amount is given quantitatively (if needed): (.) traces, (*) small amount, (**) medium
amount, and (***) high amount. To determine the bulk mineral content, the samples were dried
at 70°C and ground to a flour-like consistency (<20 um) in a vibratory disc mill. The ground
powder was prepared in a ‘backload’-procedure. Till 2010 X-ray was conducted with a Philips
X-ray diffractometer PW 1710 with a divergence slit (Cu-K o-rays (45kv, 40mA) 2° to 70° 26, 1
step per second, step size 0.02° 20). The semi-quantitative determination of mineral contents was
conducted according to Schultz (1964). For samples analysed after 2010, a Panalytical XPert Pro
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MpD diffractometer with automatic divergent slit, Cu LFF tube 45 kV, 40 mA, and an X’Celerator
detector was used. The measuring time was 25s, with a step size of 0.017° 26. Using a Scheibler-
aparatus, the content of carbonate was measured according to O-Norm L 1084 by destroying the
carbonates with 15% HCl and determining the volume of the CO, in consideration of air pressure
and temperature. The inorganic content of carbon was calculated by multiplying the content of
carbonate by 0.12. In order to be able to analyse non-carbonate components at a high carbonate
content — in this study particular concerning arga stone - the carbonate is dissolved with acetate.

4.2.4 Clay mineral analysis (CMA)

The sample preparation was carried out according to Whittig (1965) and Tributh (1970). The
destruction of organic substances was the same as at the GSA. The preparation of the sample was
conducted parallel to the GSA. The clay fraction was a result of centrifugating (five minutes at
1,000 rpm) from the <20 pum fraction. The complex of sorption of the clay fraction was exchanged
by shaking with 4 N MgC , respectively, 4 N KCI solutions. An X-ray was conducted with a
Philips X-ray diffractometer PW 1710 till 2010 and with a Panalytical XPert Pro MpD diffrac-
tometer after 2010 (as described before). Each porous ceramic plate carries 20 mg of clay (Kinter,
Diamond 1956). These texture-specimens were dried over night in a dessicator above a saturated
NH,NO,-solution before being X-rayed. Thereafter, for the determination of swellable clay min-
erals (smectite, vermiculite), all ceramic plates were put into an atmosphere saturated with ethyl-
ene glycol. Subsequently, for the identification of well crystallised kaolinite, these plates, which
are already prepared with potassium, were additionally treated with dimethyl sulfoxide (DMSO).
In addition to this process, the plates were tempered at 550°C for two hours to determine primary
chlorite. After each treatment the samples were X-rayed (K- and Mg-plates from 2° to 40° 26,
with ethylene glycol treated plates from 2° to 32° 26, with dimethyl sulfoxide (DMSO) treated
plates from 2° to 26° 260, and tempered plates from 2° to 14° 20). The identification of clay min-
erals is conducted according to Thorez (1975), Brown (1980), Moore and Reynolds (1989) and
Wilson (1987). For the semi-quantitive evaluation, the areas of characteristic peaks in combina-
tion with empirical correction factors were used (Riedmiiller 1978). The untreated remaining clay
fraction is freeze-dried for further investigation.

4.2.5 Simultaneous Thermo Analysis (STA)
50 mg of the ground and at a relative humidity of 65% equilibrated samples were heated from
25°C to 1,000°C in a Pt-Rh-crucible at a heating rate of 10°K per minute. Measurement was con-
ducted with an instrument of Netsch (Luxx 429) at a flow of 15 ml of nitrogen and 50 ml air per
minute. As a correction, an empty crucible was used. STA results were used for the determination
of the content of gypsum and calcite. Several peaks resulting from an endotherm or exotherm
process were typical for most of the samples and not additionally quoted.

o A peak at around 75°C points towards the escaping of adhesive water.

o Apeak at around 120°C to 180°C indicates the escaping of water of crystallising gypsum.

o A peak at around 350°C to 450°C indicates the combustion of organic material.

o A peak at around 573°C points towards the quartz inversion.

o A peak at around 750°C shows the release of CO, from carbonate minerals.

For the examination of the content of organic matter methods like lost on ignition or total car-
bon as methods for the evaluation of plant additives were not applied. For those samples which
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required a determination of organics content, the more precise Simultaneous Thermo Analysis
(STA) was used. This method indicates the loss of organics in the temperature range between
220°C and 400°C and can be carried out for very small amounts of sample. The aspect of quan-
titatively minimising the destroyed sample material was another reason for choosing this method
of analysis.

4.2.6 Infrared Spectroscopy (IRS)

Compacted samples were composed of 250 mg potassium bromide and 1 mg clay, or 1 mg of
ground and at 70°C dried clay. IR-spectra were measured with a Bruker Spectrometer Tensor 27
between wave numbers 4,000 cm™ and 500 cm!.

4.2.7 Sample colours

Sample colours were determined in a dry and semi-dry state according to the Munsell Soil Colour
Chart. In the following detailed mentioning of the single samples’ colours, further explanation is
only given in the case of deviation from the average appearance of samples within one region.
For the determination the colours in the chart mentioned with the appendix YR (Yellow-Red)
are used. Munsell categorises between five hues: R (Red), Y (Yellow), G (Green), B (Blue) and
P (Purple); and intermediate hues: YR, GY (Green-Yellow), BG (Blue-Green), PB (Purple-Blue)
and RP (Red-Purple). The resulting ten hues are again divided into ten steps, in total resulting in
100 hues. Practically, only forty are used, containing four charts titled as 2.5, 5, 7.5 and 10. The
two following numbers, which are divided by a dash, categorise the lightness between 0 (black)
and 10 (white) and the chroma, which is measured radially. The 10YR chart was the most often
used chart within the current research, followed by 7.5YR. This designation is followed by two
numbers, e.g. 10YR 5/2. The first number ranges between 0 (absolute black) and 10 (absolute
white), and the second number indicating clay colours ranges app. between 2 and 8 in the current
research. For all samples, the dry and also semi-dry colours were measured.

4.2.8 Shrinkage tests and determining the drying shrinkage

The value for geological shrinkage refers to the weight of the humid sample as 100% while the
geotechnical shrinkage refers to the dried sample as 100%. In the following, geotechnical shrink-
age is given. Shrinkage tests were conducted according to DIN 18952 (Baulehm. Begriffe, Arten).
Measured was the change of an initial material length of 20 cm (marked with a stick of a stand-
ardised length on the 22 cm long sample) after four days at about 25°C and 50% humidity and
consecutively in the oven at a temperature of 70°C till the shrinkage process was finished. Before
preparing the samples, a “standard stiffness” (Ger. Normsteife) had to be prepared according to
DIN 18952 (Minke 1995: 39).

4.2.9 Point load tests

Point load test on rocks follow the standards according to the International Society for Rock
Mechanics (ISRM 1985). The point load of stone samples is measured, and comparable data of
several other stones are collected and juxtaposed. Tests were conducted with a LP 4600 point load
tester PLT-2 (100 kN) with two force ranges for a diamter of the samples between 10 and 120
mm. The Schmidt-Hammer test was not applied since it is an invasive method of investigation
and would cause irreversible damage to objects.
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4.2.10 Hardness tests according to Vickers

The hardness according to Vickers is measured at the IPM / BOKU (Institute of Physics and
Materials Science). A synthetic diamond in the form of a pyramid is pressed into the surface of
the sample with particular force [N] and subsequently imprints a star shaped (= two diagonals)
indentation. According to DIN EN ISO 6507-1:2006-03, load and length of the diagonals, which
are measured with a microscope, are the relevant parameters for the determination of hardness
according to Vickers. The calculation of the HV (hardness according to Vickers) follows the sub-
sequent formula:

HV [kg/mm?]= F x 1.854 d= d+d,
d? 2

In the dry state the diagonal imprints caused by the pyramidal tool' are sharper and clearer with a
consistent force of 10 kgf. The surface of the sample was coloured dark blue to locate the imprints
of a size of about 0.5 mm. This was done under a Leica microscope where the imprints where
observed and measured. Hardness is given according to the following example: 72 HV 10; 72 =
hardness in kg/mm?* HV = name of the Vickers test; 10 = force F in kg.

4.2.11 Plasticity tests, determining liquid and plasticity limit (‘Atterberg limits”)
The plasticity is tested according to DIN 18122 for the determination of the limit using tests ac-
cording to A. Casagrande. The calculation of a classification number for the plasticity (I,) was
conducted according to Voth 1978 (according to Minke 1995: 42): 1, [%] = W [%] - W, [%].

4.2.12 Coefficient for the activity
The coefficient for activity was measured according to Houben and Guillaud (1984: 59).

I,= W, — W, [percent by mass]

A

Content of clay [percent by mass]

4.2.13 Clay additives

Additives (organic and inorganic) are determined in a first step with the naked eye, and in a sec-
ond step under a Zeiss microscope with an enlargement between 80 and 500 times. Fibres of straw
are categorised by their length: ‘very short” <2 mm, ‘short’ =2 mm to 10 mm, ‘long’ = 10 mm to
20 mm and ‘very long’ >20 mm. Since the inorganic additives (like coal) are in general just traces,
they were not quantified in a first step.

4.2.14 Method of desludging
This method is used to separate a fine and a coarse fraction of one sample of clay. It is described
with the following six steps:

1 Type of testing apparatus: Nexus 4303 (0.02 kgf to 30 kgf).
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o Step 1: Preparing the sample
The material used for this experiment was divided into three equal parts, each with an amount of
approximately 100 grams and collected in a 1-litre glass.

o Step 2: Watering the raw material
The raw material in each glass was mixed with water three times its volume, at a proportion of
app. 1:3.

o Step 3: Stirring the watered raw material
The 1:3-mixture is stirred with a magnetic stirrer at a speed level of 6.5 (of 10). This was the nec-
essary speed needed to keep the mixture in motion and not have the stirrer get stuck in the sandy
ground.

o Step 4: Period of sinking of the coar