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Laboratory-based research on the changes caused
to the in situ preserved archaeological remains by
the heavy equipment compaction

Tamara Leskovar
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University of Ljubljana
Faculty of Arts
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Zavetiska 5

SI— 1000 Ljubljana
tamara.leskovar@ff.uni-lj.si
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When planning the in situ preservation of archaeological remains, one of the issues that need consideration are changes
in the physical environment and their impact on the remains. This includes mechanical loading of the surface above the
site and its consequences on the various layers and artefacts within the site. The contribution represents a laboratory-
based experiment on the effects of heavy equipment compaction on archaeological remains. A set of tests was per-
formed to understand better the changes that mechanical loading of the surface will cause to the archaeological site. In
a custom-made steel case, artificial archaeological sites were created by layers of sandy silt and gravel, in which a variety
of archaeological and modern artefacts were placed. To measure stress and strain, some of the artefacts were equipped
with strain gauges. A servo-hydraulic piston was used to simulate static and dynamic mechanical loading. Moisture and
temperature were recorded before, during and after each test. At the same time, the three-dimensional recording of the
artefacts and layers, and soils stiffness measurements were performed before and after each loading.

The obtained data allowed us to study the compression of layers and their moisture, movements of the artefacts, stresses
and strains on the artefacts, and the macroscopically observable damage of the artefacts caused by loading. We were
able to deduce how big of an influence grain size and moisture of the soil have, how important the type of material rep-
resenting archaeological remains and their position within the soil is, that movements of the artefacts within the layers
are also an important factor to consider, that vibrations are far more damaging than force alone, and that protective
layer is not always best preservation strategy. With the presented results, our research has been a step towards a better
understanding of the effects of heavy equipment compaction to archaeological remains and thus to the preservation of
archaeological sites in situ.

Keywords: in situ preservation of archaeological sites, laboratory tests, heavy equipment compaction, strain gauges,
artefact deformation

Introduction

ment and are thus most valuable. It is grounded on the
facts that properly executed archaeological excavation

he in situ preservation of archaeological re-
mains is based on the idea that the remains are

best preserved in their original environment.
It allows for holistic and long-term preserva-
tion of the remains in their place of origin, where they
continue to form an integral part of the local environ-

is time-consuming, logistically and financially demand-
ing process which physically destroys the integrity of the
archaeological record; that technological development
will allow us to obtain more and better information with
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less damage to the remains; that heritage needs to be
preserved for the future generations; and that under the
right circumstances the in situ preservation is a viable
option (Groenewoudt and Bloemers 1997: 128). Follow-
ing the Valletta Convention (Council of Europe 1992), the
integrated and long-term preservation of the remains in
situ is thus a priority. However, it is often overlooked
that even under ideal conditions and with the proper
management, the process of degradation of the remains
cannot be stopped, only slowed down (Huisman 2009:
181). Also, increasing human interventions are constant-
ly changing the environment, further jeopardizing the
long-term preservation of the remains (Darvill and Ful-
ton 1998). Thus, the in situ preservation of archaeologi-
cal remains represents a double-edged sword.

On the one hand, it offers the possibility of integrated
and long-term preservation of the remains. At the same
time, simultaneously increases the risk of complete de-
struction and loss of unique information about our her-
itage. Another set back in the state of research. Due to
the complexity of the filed with various materials and
their degradation paths under different conditions, re-
search is expensive, logistically and methodologically
demanding, time-consuming and still in its beginnings.

One of the multiple factors that need to be considered
when deciding for a long-term in situ preservation of
the remains is the impact of the environment in which
the remains are preserved (Huisman 2009: 181). This
includes imposed stressed caused by additional surface
loading (e.g. heavy equipment and/or embankments).
Previous research has already shown that stress in the
soil is a major issue when dealing with proper preserva-
tion of the remains (Garfinkel and Lister 1983; Olson et
al. 1988; Mathewson et al. 1992; McGowan and Prang-
nell 2015). In general, the additional surface load in-
creases stress in the soil, which causes deformation and
relocation of the soil particles, the expulsion of the air
and/or water from the voids, and thus compression of
the soil layers. The resulting settlement affects the ar-
chaeological site in various ways. The most obvious are
displacement and deformation of the remains (Das and
Sobhan 2013), which changes their original context and
physical form. Settlement can also alter the stratigraphy,
especially if the site consists of diverse materials, behav-
ing differently under the imposed stress (de Lange et al.
2012; McGowan and Prangnell 2015). Furthermore, the
loss of pore water and more tightly organised soil parti-
cles can lead to moisture changes, especially dangerous
for organic remains (de Lange et al. 2012).

In the context of archaeological remains, the behaviour
of various soil types under the imposed mechanical
stress was studied by Hyde (2004), Sidell et al. (2004)
and Avsenik (2012), while limited research also included
the behaviour of the buried artefacts (Garfinkel and Lis-
ter 1983; Olson 1989; Mathewson et al. 1992; Godwin
et al. 2009; McGowan and Prangnell 2015). Even though
from different perspectives and various methodologi-
cal procedures, results highlighted depth, orientation
and type of the buried remains, soil moisture and grain
size distribution, and type of the imposed load as the
most influential factors. However, tangible data on how
additional stress affects archaeological remains in the
ground are very limited. Our research aimed to contrib-
ute towards a better understanding of the loading ef-
fects on the subsurface archaeological sites above the
groundwater level. The main objective was to develop
a useful methodological procedure while gathering new
data on the behaviour of various materials and soil lay-
ers under loading.

Methodology

The artificial archaeological site was established in a
0.85 x 0.85 x 1.2 m steel box with perforated bottom for
the water drainage. The lower layer was composed of
gravel and upper of sandy silt. Layers were 0.4 —0.45 m
thick, installed gradually, through 0.05 — 0.1 m thick sub-
layers. During installation, each sublayer was compacted
by trampling with a load of ~4.5 kN/m?2. Modern and ar-
chaeological artefacts were buried in soil layers. In tests,
1 — 3 wooden plates and piles were installed vertically
and horizontally in sandy silt. In test 4 — 9 metal, glass,
bone and ceramic artefacts were deposited in sandy silt
and gravel (Fig. 1). Some of the artefacts were equipped
with strain gauges.! The gauges were attached to the
surface of an artefact, perpendicular to the imposed
surface load (Fig. 2). To avoid potential damage, gauges
were covered with ~¥3 mm thick layer of modelling clay
and the wires were placed into the rubber hose. Since
the artefacts were buried in the soil and thus the orien-
tation of the principal axes was unknown, rosette strain
gauges (WFLA-6-11-5L) were used (Fig. 2) so that strain

! Only modern artefacts were equipped with strain gauges. The deci-
sion was made based on the limited finances and thus number of
relatively expensive strain gauges, combined with better compara-
bility of the data among unaltered modern materials in comparison
to the already changed and thus variously preserved archaeological
materials.
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was recorded in three separate directions (0°, +45°, -
45°). Moisture (Decagon 10HS Large Volume VWC) and
temperature (Decagon RT-1) sensors were positioned
approximately 10 cm below and 10 cm above the speci-
mens in the sandy silt. Sensors were not used in gravel

LAYER 2
SANDY SILT

Loading of the surface was performed with a servo-
hydraulic piston, provided with 0.82 x 0.82 cm steel
panel (Fig. 3), 2 — 12 days after the preparation of the
site. The exception was test 9, in which the site was
soaked with water and left for 4 months for partial con-

Figure 2. Artefact (femur of a pig) equipped with a strain gauge (left) and rosette strain gauge composition (right).

as it is too coarse to retain water and could also damage
the sensors. The spatial position of artefacts and the up-
permost surface of each layer were recorded with elec-
tronic tachymeter.

solidation. Loading in six tests was monotonic, whereas
in three tests it was dynamic. In monotonic tests force
was applied gradually, through 20 kN increments up to
the maximum force of 160 kN (surface load 250 kN/m?).
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The applied force was maintained for 300 seconds after
each increment (Fig. 4). In the dynamic tests, 20 kN in-
crements reached up to the maximum force of 100 kN
(surface load 150 kN/m?). The applied force was main-
tained for only 100 seconds, with 6 Hz vibrations added
(Fig. 5). In the first six tests, 0.25 m thick protective layer
of geotextile and crushed stones were put before load-
ing (Table 1).

Before, during and after loading, temperature sensor,
moisture sensor and dilatometer probe were used to de-
termine temperature, moisture and stiffness for settle-
ment prediction of the sandy silt (constrained modulus).
Sensors and probe were not used in gravel as it is too
coarse and thus not suitable for the tests.

Additional test 10 was performed, comparing the behav-
iour of archaeological and modern bones and ceramic in
the exact same loading conditions. In a 40 x 30 x 50 cm
big box a 0.45 m thick layer of sandy silt was installed
with ceramic fragments (modern, roman, prehistoric)
and animal bones (modern, roman) positioned 20 cm
deep in the layer. In this test, all the artefacts were
equipped with strain gauges. The surface of the sandy
silt was covered with a wooden plate to spread the load
on the layer equally. Monotonic loading was performed
until failure of the artefacts occurred. During loading ap-
plied force and strain on the artefacts were recorded.

Figure 3. Servo-hydraulic piston and metal box with the artificial ar-
chaeological site.

Figure 4. Graphs representing monotonic (left) and dynamic (right) loading.

025 0.12
——1LOAD
02 0.1
0,08
£ 0,15 s
> 20,06
€ o1 12
' 0,04
0.05 0,02
0 0
0 600 1200 1800 2400 3000 0 100 200 300 400 500 600

TIME (s) TIME (s)




PROCEEDINGS -

INTERNATIONAL SCIENTIFIC CONFERENCE -

13

METHODOLOGY & ARCHAEOMETRY 07

TEST # ARTEFACTS MOISTURE PROTECTION CONSOLIDATION LOADING
1 Wood 22 % Y 7 days M
2 Wood 22% Y 4 days M
3 Wood 22% Y 6 days D
4 Ceramic, bones, glass, metal 21 % Y 2 days M
5 Ceramic, bones, glass, metal 21 % Y 12 days M
6 Ceramic, bones, glass, metal 19 % Y 5 days D
7 Ceramic, bones, glass, metal 19% N 5 days M
8 Ceramic, bones, glass, metal 19% N 5 days D
9 Ceramic, bones, glass, metal 18 % N 4 months

10 Bone, ceramic / N none

Table 1. Summary of the characteristics and loading conditions in each test.

After each loading and unloading, excavation and docu-
mentation of the site were performed, following archae-
ological methodological standards as much as possible.

During loading and unloading, strain gauges were meas-
uring strain on the artefacts. Based on the recorded
strains minimal (¢ ) and maximal (e__ ), principal strains
were computed using the following equations:

tet e = V2lG - &) + (5 —5)7)

With the addition of Young's modulus (E) and Poisson's
ratio (v) of each artefact material, principal stresses were
calculated. Minimal (o ) and maximal (o__) principal
stresses were calculated using the following equations:

[51 +& + VI{E{(‘El —£3)* + (e — 53]2}]'

Using bulk unit weight (y) of gravel and sandy silt, their
thickness (z), vertical force applied to the surface (g) and
I, coefficient (Das and Baranja 2012: 337), stress in the
soil at a depth of the artefacts during loading (o, ., ) was
calculated:

LOAD

_ WEIGHT
VOLUME’

g =Yy *z
Ao =q=1I,,

Oppap — 0 1 Ao,

\"(2{(51 —&)*+ (55— 53)2}]»

_ E _ _ E|s,ts, 1
Omin — 1—p2 (Em:'n + vsmax] - E[ 1—» 14w
__E . __E|&s,+s,
Tmazx — 1—p? (Ema.r + Ugmin) - E[ 1—w

+ i\/z{(ﬁi —£3)% + (55— 53)2}]-
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Results and discussion

Temperature and moisture

There were no significant changes in the temperature,
and sensors managed to measure the temperature with-
out any problems throughout the tests.

In all the tests moisture increased, most significantly in
test 5 and least significantly in test 9 (Fig. 5). Changes pre-
sented a reaction of the sandy silt to the loading when
the air was extruded from the pores. As pores in the soil
were filled with either air or water, a lower proportion
of air resulted in a higher proportion of water and thus
higher moisture. Most significant changes in test 5 prob-
ably occurred due to the use of a protective layer and
high applied force, causing high stress, air extrusion, soil
compaction, and increase in moisture. Also, the protec-
tive layer contained some water, which penetrated into
the sandy silt during loading and further increased its
moisture. Least significant changes in test 9 are most
likely a consequence of lower initial moisture and pre-
consolidation process, making the layer less porous and
compressible. A comparison between monotonous and
dynamic loading showed a sharper, stepwise increase
in the latter. However, moisture changes were mainly
conditioned by an increase in the applied force (rapid
growth with increasing force) and less by vibrations (ab-
sence of significant additional changes when vibrations
were applied).

Figure 5. Moisture changes.

Soil compaction

During loading, soil compacted due to the extrusion
of air and water from the pores. The pore pressure
dropped, and the load was transferred to the solid par-
ticles, which moved into a denser structure, causing soil
compaction (Das and Sobhan 2013: 364-365). Compac-
tion of sandy silt was higher in comparison to gravel,
as the latter is coarse-grained and thus less compress-
ible than the former. Additionally, monotonic loading
caused more changes in the sandy silt while dynamic in
gravel, indicating that higher force had more impact on
the more compressible sandy silt while vibration on the
less compressible gravel (Fig. 6). This can be explained
with the compaction of coarse-grained soil being opti-
mal when a combination of pressure and vibration is ap-
plied. In coarse-grained soils, the pressure itself merely
increases the effective stresses and thus the friction be-
tween the solid particles of the soil, which makes move-
ments of the particles difficult. Vibrations reduce friction
between particles and facilitate their movement into a
denser structure. In fine-grained soils, compression is
conditioned by pressure and kneading, while vibrations
merely increase the water pore pressure (Briaud 2013:
701). Worth mentioning is test 9, in which compaction
was small, most likely due to pre-consolidation already
causing some naturally occurring, gravity and water
draining induced compression. Interestingly protective
layer in some of the tests increased compaction, most
significantly when vibrations were applied. This indi-
cates that the additional weight of the protective layer in
combination with vibrations increases soil compaction.
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> 950
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Figure 6. Compaction of gravel (blue) and loam (orange) due to loading.

Soil compressibility

Constrained modulus (M) increased after loading, mak-
ing the soil less elastic and more compressed. Since
modulus reflects the resistance of a substance to com-
pression and is defined by the ratio between the change
in pressure and volume, its increase was expected. How-
ever, the significance of its changes differed based on
the moisture and presence of vibrations. In general,
higher soil moisture and the use of protective layer lead
to less compression than lower soil moisture and lack of
protective layer.

Stress in the soil

Changes in the soil stress are consistent with the mag-
nitude of the applied force. They were the lowest in the
cases of dynamic loading (tests 3, 6 and 8), and highest
in the cases of monotonic loading with a protective layer
(tests 1 — 6). Additionally, the observed lower increase
in stress in gravel could be attributed to a decrease in
the impact of loading with increasing depth (Sohne and
Soehne 1958; Das and Sobhan 2013: 166). Comparisons
with the results of the study carried out by Godwin et al.

(2009: Appendix 1) show that calculated total stresses
during loading are similar to the stresses at a depth of
0.25 m caused by a plough and a heavy roller (25 kPa
— 30 kPa), and a five-ton combine on tracks or five-ton
combine with tires with an air pressure of 1 bar (50 kPa
— 80 kPa). At greater depths, between 0.55 m and 0.65
m, similar stress (50 kPa — 80 kPa) is caused by a two-ton
tractor, and a five- and ten-ton combine with tires with
an air pressure of 1 — 2 bar (Godwin et al. 2009: Appen-
dix 1: 16-19).

Displacement and damage

Intest 1-3, only wooden specimens were used, placed in
the sandy silt either vertically or horizontally. The results
show that there was more displacement of horizontally
placed specimens than of vertically placed specimens.
Furthermore, the displacement of horizontally placed
specimens was more dependent on the magnitude of
the applied force and less on vibrations. In contrast, the
opposite is true for the displacement of vertically placed
specimens (Fig. 7).
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Figure 7.Schematic presentation of artefact displacement and damage due to loading (left) and partially excavated artefacts in loam with marked

damage caused by loading (right).

In tests 4 — 9, where other materials were used, the av-
erage displacement in the sandy silt was approximately
twice as large as in gravel. Additionally, higher moisture
and lack of protective layer in monotonic tests increased
the displacement. At the same time, the impact of vibra-
tions was unpredictable and more severe in the case of
the protective layer. On the other hand, lower moisture

and pre-consolidation limited the displacement, most
likely on account of lower porosity and denser structure
of the soil.

With wooden artefacts, damage mainly presented as
surface abrasions or small cracks, only in one case arte-
fact broke. On average, the magnitude of the force had

| I
o ..

AVERAGE DAMAGE BASED ON MATERIAL

ECLI ECL2 EBLI BL2 EGLI

Figure 8. Average damage of differ-
ent artefacts in gravel and sandy
EGL2 silt (C=ceramic; B=bone; G = glass;
L1 = gravel; L2 sandy silt).
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more impact on the damage than vibrations, and verti-
cally placed artefacts suffered more damage than hori-
zontally placed artefacts, likely due to the parallel ori-
entation of the latter and perpendicular orientation of
the former to the surface load. Other materials suffered
more damage when placed in gravel than in sandy silt.
This was expected as gravel is more coarse, less moist
and less compressible, facilitating the transition of stress
from the soil particles to the artefacts (Sidell et al. 2004;
Booth and Spandl 2009). While higher moisture limited
the damage, pre-consolidation and protective layer,
especially in combination with vibrations, increased
it. Furthermore, an inverse relationship was observed
with damage and displacement. The more the artefacts
moved, the less damage they suffered.

Considering each material separately, metal artefacts
suffered no visually observable damage, while 21.4 % of
ceramic, 62.5 % of glass and 64.2 % of bone artefacts
did (Fig. 8). However, bone artefacts only obtained small
scale damage, such as abrasions, chipped edge and shal-
low cracks, while ceramic and especially glass artefacts
cracked or even broke completely. The damage of the
artefacts was consistent with the material they were
made of. Metal is extremely resistant and ductile, which
means that high stresses are necessary for damage to oc-
cur. Fresh bone is also resistant and ductile and needs to
be under high stress to break. The frequently occurred,
yet small-scale damage in bones can be explained with
its irregular, physically pronounced shape.

On the other hand, ceramic and glass are fragile materi-
als, prone to crack. Furthermore, in test 10 all archaeo-
logical artefacts broke, while significantly less damage
was observed in the modern artefacts. The results
clearly highlight that archaeological artefacts are much
more fragile than modern ones. This is understandable,
as the exposure of the archaeological artefacts to the
environment altered their physical, chemical and bio-
logical characteristics, weakening their structure and
resistance to stress (Boskey et al. 1999; van der Meulen
et al. 2001).

Stress and strain

Intests4—9, compressive and tensile stresses and strains
were recorded on the artefacts, reflecting their shrink-
age, elongation and breakage (Fig. 9). Due to applying
compressive force, compressive stresses and strains
prevailed. The exception is bone artefacts. In scapulae,
equal presence of compressive and tensile stresses and
strains was observed, probably due to their flat shape.
In the skulls, compressive stresses with tensile defor-
mations were observed, indicating flexion of the skull,
probably due to its physically pronounced and hollow
shape. Even though there are too many variables for the
recorded stresses and strains, and deformations of the
artefacts to be directly correlated to a specific condition
and/or loading, some patterns were observed. The pro-

SILT

\' :‘ 1,18 %o — fracture

Figure 9. An example of the
results obtained with strain-
gauges placed on the ceramic
bowl in gravel and sandy silt
during loading and unloading
of the artificial archaeologi-
cal site. The blue and red lines
represent strain in the bowl
in gravel, which only suffered
minimal damage (chipped
edge), while the grey and pur-
ple of strain in the bowl in
sandy silt, which cracked right
under the strain gauge.
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tective layer caused higher stresses, deformations and
damage (negative impact) in bronze, iron and bone arte-
facts in gravel and smaller (positive impact) in sandy silt.
The exception is bone artefacts in dynamic tests, where
stresses, deformations, and damage were greater in the
sandy silt. In ceramic artefacts, the protective layer re-
duced stresses, deformations and damage of the arte-
facts (positive impact) in gravel, while increased them
(negative impact) in sandy silt. In the case of glass, the
protective layer increased stresses, deformations and
damage to the artefacts (negative impact) in the gravel
and sandy silt. The comparison between the impact of
force magnitude and vibration shows that the vibrations
caused greater stresses, deformations and damage in
bronze artefacts in gravel, bone artefacts in gravel and
glass artefacts in gravel and sandy silt. In the remaining
cases, the magnitude of the force had a higher impact,
causing higher stresses, deformations and damage. Pre-
consolidation reduced stresses, deformation, and dam-
age in most artefacts (positive impact). The exception
is bone artefacts in gravel and glass artefacts in gravel
and sandy silt, where pre-consolidation caused higher
stresses, deformation and damage (negative impact).

Conclusion

The results of the tests present significant changes in
moisture due to additional surface loads, a connection
between the soil compaction and displacement of ar-
tefacts, and an increase in damage when the displace-
ment of artefacts is limited. An unpredictable and nega-
tive impact of vibrations was also observed, especially
when using the protective layer. Although somewhat
simplified, the results of the strain gauges and macro-
scopic damage on the artefacts (bone, ceramics, glass)
are consistent. The highest deformations were recorded
in the artefacts in the gravel in tests 6, 8 and 9 and the
sand silty in tests 5 and 6. Average macroscopic damage
of the artefacts was highest in the sandy silt in tests 5,
6 and 9 and the sandy silt in tests 5 and 6. With highest
deformations and macroscopic damage in tests 5, 6 and
9, the negative impact of the protective layer and vibra-
tions was confirmed, especially in the case of their com-
bination, and the negative impact of soil pre-consolida-
tion. Differences were also observed between relatively
elastic, solid or thick-walled metal and bone artefacts
and brittle, hollow and thin-walled ceramic and glass ar-
tefacts. Deformations and macroscopic damage of the
former were most dependent on the vibrations and the
type of soil in which they were buried while the latter

on the magnitude of the force applied to the surface of
the site.

The results of this study are not sufficient to produce
reliable values of stresses and strains within which the
artefacts are safe from damage caused by additional
surface loads. The simplification of extremely complex
situations occurring in real cases was simply too great.
Also, the soil has a pronounced and unpredictable ef-
fect on the measurements and behaviour of the arte-
facts, a good understanding of which would require
additional tests. Nevertheless, some useful data were
obtained. The metal artefacts were not damaged in any
of the tests. The bone artefacts suffered various, minor
damages, but only the bones from archaeological con-
texts broke. However, the transition to nonlinear defor-
mations in modern bone artefacts was observed and
should not be neglected as it indicates that deforma-
tions approached limits when permanent damage of the
bone structure occurs. Ceramic and glass artefacts suf-
fered the most damage, in some cases even broke com-
pletely. The stresses in the ground that caused damage
of the artefacts are comparable to the stresses caused
by a heavy roller and a five-ton combine on caterpillars
or tires with an air pressure of 1 bar at 0.25 m, while at
greater depths, between 0.55 m and 0.62 m, compara-
ble stresses in the ground are caused by a 2t tractor and
a 5t and 10t combine with tires with an air pressure of
1 -2 bar (Godwin et al. 2009: Appendix 1: 16-19).

Regarding the protective layer, Avsenik (2012: 76, 124)
mentions that in the absence of artefacts in the upper
50 cm of the ground, the protective layer is not recom-
mended as its construction and additional weight causes
excessive soil deformation and could damage the arte-
facts deeper in the ground. The present study showed
that the use of a protective layer could do more harm
than good. When considering the protective layer, in ad-
dition to its own weight and the depth of the remains, it
is also necessary to take into account the physical prop-
erties of the soil and the types of artefacts present in
the soil. The grain size and moisture of the soil have a
strong impact on the plasticity and bearing capacity of
the soil. At the same time, the type of material and the
state of preservation determine the mechanical proper-
ties of the artefacts and thus their response to mechani-
cal loads. In the performed tests, ceramic and glass ar-
tefacts were the most sensitive to mechanical loading,
which is consistent with their mechanical properties and
hollow, more pronounced 3D geometric shape. The ori-
entation of the artefacts should not be neglected either,
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as Dain-Owens and co-workers report (2009: Appendix
2: 28) that the most prone to damage are the artefacts,
which lie perpendicular to the direction of the loading
force.

In addition to damage, it is necessary to consider the
displacement of the artefacts and the compaction and
compression of the soil. They can cause changes in the
environment, such as a decrease or rise in moisture, in
the stratigraphy of the site and/or to the context of the
archaeological remains. In our tests, the less compress-
ible gravel compacted for up to 8 cm, while the more
compressible sandy silt up to 20 cm. On average, the
artefacts in gravel moved for 5 cm and in sandy silt for
9 cm. It should be noted that most of the tests were
performed in poorly consolidated soil, but even after
a longer, 4-month consolidation, both type of soils still
compacted for 5 cm, and the artefacts moved for 1.5 —
4 cm. Furthermore, it is necessary to understand that
the spatial distribution of soils and artefacts in the site
was artificial and thus uniform. Archaeological sites are
characterized by diversity in the dimensions and spatial
distribution of different soils and types of the remains.
Thus, different compaction of soil with different proper-
ties and an additional impact on the stratigraphy and/

or context of the remains is expected (Huisman 2012:
64-66). Also, the mechanical load caused changes in the
soil structure and moisture that could increase further
in the long run. The denser position of solid soil parti-
cles means lower porosity and thus lower humidity and/
or limited water flow through the soil. It also cannot be
overlooked that the loading of the site was only per-
formed once. In a study by Goodwin et al. (2009: Ap-
pendix 1: 24), cyclic loading caused a 10 % increase in
soil stress, meaning that cyclical loads would cause ad-
ditional changes. Based on the obtained results, it can
be deduced that previously proposed theories on better
stress transfer from coarse-grained soil to the artefacts
compared to transfer from fine-grained soil (Sidell et al.
2004; Booth and Spandl 2009) and decreasing impact of
loading with depth (Das and Sobhan 2013: 169) are too
simplistic. It is necessary to acknowledge all environ-
mental factors, physical properties of the soils and the
properties of the materials present. The proper under-
standing of the mechanical loading of the surface on the
buried archaeological remains requires a complex pre-
liminary study, based on the characteristics of the soils
and materials present at the site and additional simula-
tions and/or tests.
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