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Abstract

The object of the study was pine (Pinus sylvesiris 1..) wood that had served as marine fishing pier piles for 70
years. In this case, the piles had been driven into the sea bottom at the depth about 1.5 m; the piles” length
about 2.5-3.0 m was located 1n the sea water. and the piles” ends. about 0.2—0.3 m in length, were located
above the water in the air. The pile’s part that had been at the contact of the water and the air was subjected to
the major destruction, while the sub-water part and the part located 1n the ground were preserved well. The
microscopic studies (SEM — scanming electron microscopy and OM - optical microscopy) have shown no
radical distinctions 1n the morphology ol the wood that had been located 1n sea water and the wood located in
the ground during the service time of the piles. The results of the studies on the phvsico-mechanical
characteristics of the wood that had been located tor a long time 1n both the sea water and the sea ground are
presented. Thus. for example. the average density (p;s) of sapwood that had been located 1n sea water 15 435
kg-m_"i, and that for the heart pith part 1s 473 kg-m_:;: while the average density of sapwood (p,,) for the wood
located in the sea bottom ground is 445 kg-m ., and that for the heart pith is 457 kg-m . The density of the
control wood of pine sapwood p, = 487 kg-m * and that for the hearth pith part 15 446 kg-m * The average
compressive strength ol the wood located n sea water 1s 48.22 MPa, and that ol the wood located in the sea
ground 1s 47.75 MPa. while the average compressive strength of wood for the control 1s 44.75 MPa. In the

work. compressive. bending, shear. cross-cut and tensile tests were carried out.

Kevwords: archacological pine wood. physical and mechanical properties.

INTRODUCTION

l'esting of the samples taken from sweepwood logs
(pine. spruce, birch, aspen) has shown that, after
staying 1n river water during 10—30 years, the strength
ol wood has not practically changed. Upon more
long-term action of nver water, the surface laver
(10—15 mm thick) gradually looses the strength and
starts degrading. At the same time, behind this layer,
the strength remains within the standard determined
for sound wood (ANONYM 2004).

II' wood remains m water for a long period of
time, 1ts properties change radically. The quantitative
and qualitative indices of these changes depend on the
wood spectes. The long-term action of sea water
results in a notable increase 1n the hardness of larch
wood. In the construction ol Venice, approximately
400 pieces of larch piles were driven for reinforcing
the foundations ol different buildings. Later, in 1827,
a part of the piles was mnspected. The conclusion on
therr strength says that the piles from larch wood. on
which the underwater part of the city 1s based. as if
has become petrified. The wood has become so hard
that neither the axe nor the saw hardly take 1t

The mnspection of the pime piles, taken from the
port constructions 1n the cities of Baku and Makhach-
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Kala has shown that thewr strength propertics have
declined by 40-70 % within the 30 years of service.

[t 1s not possible to determine exactly the degree
of the changes 1n sweepwood after staving in water,
because 1ls properties belore the {flooding are
unknown. To determine the applicability of
sweepwood, 1ts testing was carmied out, and the degree
of deviation of the obtamned data from the reference
data 1s determined.

Upon staying in river water for up to 30 years, the
strength characteristics, except those of the outer part
ol' wood, practically do not change. Upon staying in
water for a longer period of time, the wood passes to
the category of fumed one. The wood of the species
(oak, chestnut), containing tanning substances, passes
faster to the state of fumed one. Fumed oak wood 1n
the dry state becomes brittle and cracked. The
strength and 1mpact viscosity decrease 1.5 times and
2.0-2.5 times, respectively. In sea water, the sapwood
part of wood looses the strength more readily (within
a year), but the heartwood part retains the strength
within longer terms.

A ship 1s found, which had sunk 4 centunies ago.
Despite the considerable age, the ship appeared to be
in a perfect state. This 1s explained by the fact that, n
North Baltics, owing to the cold and hard water, wood
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practically does not decay. Therefore, in the opinion
ol marine archaeologists, the depths of the Baltic sea
may hide a  wvanely ol  umque  relies
(http://subscribe ru/archive/tv. news. 1tv/200711/16115
624 html#112324).

In the study of the oak wood of the Swedish
warship .. VASA”, which had sunk in the harbour of
Stockholm 1n 1628, lifted in 1956 and preserved in
1961, an 1mportant technical problem was 1ts
preservation from cracking upon drying (BJURHAGER
et al. 2010). For this purpose, polyethylene glycol was
used. It 1s shown that. in this case. the stabilisation of
the oak wood sizes, which depends to a considerable
extent on the microstructure of a delmite wood
species, 1s not always reached.

[n an earlier study of the same oak wood of the
ship .VASA”™ (LJUNGDAHL et al. 2007), 1t has been
shown that modulus of elasticity 1n radial direction
and compressive strength decrease by 50 % 1n
comparison with the case of whole fresh oak wood.
Modulus ol elasticity 1n the tangential direction and
compressive strength also decrease by 30 % and 50
%, respectively, while the sorption 1sotherms of
archaeological and fresh oak wood are quite similar.

Applying the methods ol direct exposure mass
spectroscopy (DE-MS) and pyrolysis-gas
chromatography/mass spectrometry (Py-GC/MS). 1t
has been shown (MODUGNO er al. 2009) that a
considerable loss of polysaccharides 1s observed 1n
archacological wood samples. DE-MS  [lingerprint
mass spectra give a rapid indication of the
syringyl/guaiacyl  ratio  and the loss ol
polysaccharides, as a result of degradation in a
waterlogged environment. The results confirm the
value of Py-GC/MS as a tool for shedding light on the
chemical modifications of wood macromolecules 1n
archacological objects.

The construction and operation of large
hydroelectric power stations of the Angara cascade 1n
Russia: Irkutsk, Bratsk and Ust-Ilim, and the large
storage ponds formed at them, resulled i adverse
phenomena, namely, erosion and re-forming of the
shore line ol the storage ponds, the bottom and the
mouth areas of the rivers, the flooding of forest tracts,
the appearance of floating and sunk trees, the change
of the level of ground waters, etc.

The strength characteristics of the sweepwood are
below the relerence data and lower than the strength
of the freshly cut wood; 1in this case, ultimate
compressive strength along the fibres for larch. pine
and spruce 1s lower than the standard value by 37 %,
42 % and 60 %, respectively. The ultimate strength 1n
static bending of water-logged wood 1s lower by
30 %, 28 % and 31 % for larch, pmme and spruce,
respectively (IVANOV 2008, RUNOVA et al. 2001).

The chemical composition of water-logged wood
(the content of cellulose, resins, fats and ash. and the
substances soluble 1n hot water) has not changed after
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almost 37 vears of the service of the storage ponds
(IvaNnov 2008, RUNOVA ef al. 2001).

The density ol the water-logged wood practically
does not change from that of the freshly cut wood and
the standard data (RUNOVA ef al. 2001, RASEV 1977).

In pine wood that had stayed in sea water for 70
vears, shrinkage decreases by about 10 % 1n
comparison with the case of freshly cut wood
(DOLACIS et al. 2008).

MATERIALS AND METHODS

[n the present study. pine (Pinus syivesiris 1..) wood
that had served as marine fishing pier piles for 70
vears was mvestigated. In this case, the piles had been
driven 1n the sea bottom at the depth about 1.5 m,
approximately 2.5—3.0 m was present in the sea water,
and the ends about 0.2—0.3 m 1n size were 1n the air.
The microscopic studies (SEM-scanning electron
microscopy and OM-optical microscopy have shown
that no radical distinctions 1in the morphology ol wood
located m sea water and the wood located n the
ground were found within the service period. The
study of the anatomic parameters was carried out with
a reflected light microscope MTKF-1 and a
videocamera TK-C721EG (JVC Color) with the
IMAGE-PRO EXPRESS — 1mmage analysis program.
To determine the mechanical characteristics of wood.
an umiversal material testing machine “Roel
/Zwick/Z. 1007 was used. equipped with a computer
and the soltware testXpert 1ersion 11.02 for
processing the experimental data. Physical properties
were mveshigated according to DIN and GOST
standards. Moisture and density were determined
according to DIN 52 183 and DIN 52182,
respectively. Swelling and shrinkage were determined
according to DIN 52 184, Moisture absorbency and
water absorption were determined according to GOST
16483.19-72 and GOST 16483.20-72.

Mechanical characteristics were determined 1n
compliance with the following standards: DIN
52 185, DIN 52 186, GOST 16 483.5-73. GOST 16
483.23-73, GOST 16 483.24-73, GOST 16 483.26-73.
Tensile modulus of elasticily 1 a [ibre direction at the
given moisture W was determined in compliance with
GOST16 483.26-73 from the equation:

Pl

E,= |Pal, where P — load difference between
axbx Al

the upper and lower proportionality ultimate stress, N.
[ — proportional ultimate length, m: @ and b — sample’s
transverse sizes, m. /1l — average displacement value,
which corresponds to the load P, m.

Compression modulus of elasticity 1 fibre
direction at the given moisture W was determined
according to GOSTI16 483.24-73, from the equation:

[ = Pl
axbx Al

the higher and lower proportionality ultimate stress.

N. [ — proportional ulumate length, m. a and b —

| Pa], where P — load difference between
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sample’s transverse sizes, m. Al — average
displacement value, which corresponds to the load P,
.

Shearing modulus of elasticity in fibre direction
at the given motsture W was determined according to
GOST 16 483.5-73. from the equation:

Pxl

axbx Al
between the higher and lower proportionality ultimate
stress, N, [ — proportional ultimate length, m; a and b
— sample’s shearing sizes, m, Al - average
displacement value, which corresponds to the load P,
n.

Impact bending strength  was  determined
according to GOST 16 483.4-73_ from the equation:

)
; Wh j.f/c.fuz . where 0 — the work done to the
) X

fracture of the sample, J. b — sample width, cm:; a —
sample height, cm.

E,= where P - load difference

|Pal.

RESULTS AND DISCUSSION

The salinity of the waters of the gulf of Riga, where
the fishing pier piles under study had stayed for 70
vears, 18 0.35 + 0.6%. and this 1s mostly NaCl. The
acidity index pH vanes in the range from 7.5 to 8.4,

The electron-microscopy 1mages ol pme wood,
that had served mn sea water for 70 years, do not reveal
any practical distinctions from the whole pine wood
(F1g. 1); crystals of sea water salts are observed only
in some anatomical elements.

The average density (pg) of sapwood in the oven
dry state 1s 448 kgm_], but that of core is 460 kg-m .
The density pg ol the control pine wood sapwood and
the heart pith part is equal to 459 kg-m ° and 468
kg-m 7. respectively.

Tensile strength o, and tensile modulus of
elasticity E, for pine piles (which had been located in
sca walter for 70 years), in comparison with those for
the control pine wood samples, are shown 1n Table 1.

d)
Figure 1 Elcctron microscopy mmages of pine wood: a)
cross-section (1000 <), b) radial section (3000+). ¢) radial
section (8000 <), d) radial section (200 ).

Table 1 o, E, characteristics for pine archacological wood and the control wood.

Wood sample Number Density of sample | Tensile strength. | Archacol./ E;modulus. Archacol./
of samples P12 kg:m ° MPa Control. +% MPa Control. =%
Heart — ground 10 457 104 + 14 123 2098 + 315 0.4
Sapwood — ground 11 445 93.0 + 20.6 -8.8 1773 + 240 —24 .2
Heart — water 9 473 1019+ 18.9 +10.0 1918 + 420 ~-8.9
Sapwood — water 13 455 69:+:17.5 —32.3 1516 + 281 —35.2
[Hearth. control 28 446 926+ 156 2106 + 230
Sapwood, control 28 487 102.0+ 19.5 - 2340 + 290 -~
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The pine wood density distribution from the heart
pith 1 the direction to sapwood 1s minor (correlation
cocllicient r = 0.18), but the correlation 1s essential (r
= (.55 and 0.92) at the trunk height H = 25 %, 50 %
and 75 %. The correlation between shrinkage and
density 1s high (r ~ 0.94) (DOLACIS et al. 2009).

[t can bee seen that the tensile strength of
heartwood for the piles, located in ground and water,
1s higher than that for the control wood. Modulus of
clasticity for the wood located n ground 1s almost
equal to that of the control wood (lower than by
0.4 %). but the index for the sapwood, located in
ground, 1s lower by 8.9 % 1n comparison with the
corresponding ndex ol the control wood. However,
the sapwood, located both 1n ground and water, 1s less
durable 1n respect to tensile strength by 8.8 and
32.3 %, and modulus of elasticity by 24.2 and 35.2 %.

The corresponding charactenistics of bending
strength o, and modulus ol ¢lasticity 1n bending I, or
pine archaeological and control wood are shown in
Table 2.

[t can be seen that the bending characteristics o,
and L, for archaeological wood. both for heartwood
and sapwood, are lower than the corresponding values
of the control wood by 7.4 = 24.6 %,

Compressive strength o, and modulus of elasticity
in compression E, for pine archaeological wood and
the corresponding characteristics lor the control wood
are shown mn Table 3.

As can be seen, compressive strength for
archaeological wood exceeds the corresponding
indices for the control wood by 2.8 + 104 %. The
same relationship 1s observed n the case of modulus
of elasticity, except the case ol pile sapwood, which
had been located mn ground (its index 1s lower by
3.4 %, 1in comparison with the case of the control
wood).

Table 4 lists the corresponding characteristics for
shear strength 1, and shearing modulus ol elasticity L.
In this case, shear strength 1, 1s lower than the
corresponding indices for the control wood by 6.3 +
27.4 %, but the indices of shearing modulus of
clasticity E; are higher than for the control wood by
23.1 = 61.8 %. This 1s explained by the fact that, in
the North Baltics, owing to 1ts cold and hard water,
the wood and wood matenal ol the ships that had
sunk about 4 centuries ago (L.jungdahl J.. Berglund
L..) are well retained.

Characteristics of ultimate strength 1n cutting
perpendicular to graimn for pine archaeological wood
and the control wood are shown 1n Table 5.

Table 2 ;. E, characteristics tor pine archaeological wood and the control wood.

Wood sample Number | Density of sample Bending Archacol./ | Eymodulus. Archacol./
of samples P>, kgm™ strength, MPa | Control. +% GPa Control. +%
Core — ground 8 457 747+ 5.96 -7.4 8.61 +0.69 ~13.5
Sapwood — ground 10 4435 749 =785 —12.5 9.14 = 0.95 ~16.7
Core — water 8 473 73.5=7.66 8.9 8.56 +1.23 14.0
Sapwood — waler 11 455 645+ 17 24.6 B.o3 L 1.73 22.2
Core. control 37 446 80.7 = 14.5 9.95+1.6
Sapwood. control 37 487 836+ 127 1097214
Table 3 Compression o, E, charactenstics [or pine archaeological wood and the control wood.
Wood sample Number Density of sample Compressive Archaeol ./ I modulus, Archaeol./
of samples pio. kgm strength o.,MPa | Control, +% E.. MPa Control, +%
Core — ground O 457 44 4 £ 365 F2.8 2078 £ 025 F4 9
Sapwood — ground 21 445 51.10 + 4.03 +10.4 2.049 +0.23 -3.4
Core — waler 12 473 46.5 £ 3.26 HT.0 2271 £ 028 F14.7
Sapwood — water 7 4355 50.0 + 3,99 +8.0 2341 +0.34 =104
Core, control S0 446 432+ 5.6 — 1.98 +0.20 —
Sapwood. control 50 487 463 + 4.8 = 212+029 —
Table 4 Schear 1., E; charactenistics for pine archacological wood and the control wood.
Wood sample Number Density of sample | Schear strength Archaeol./ E, modulus, Archaeol./
of samples Pl kg~1n_3 T.. MPa Control. £% E.. MPa Control. +%
Core — ground D 457 8.70 = 0.56 —11.8 414 + 48.6 ~335.0
Sapwood — ground 10 445 791131 —-26.7 409 + 78.1 +27.8
Core — water 9 473 924=078 6.3 505 + 36 +61.8
Sapwood — water 10 4535 7.84 092 274 394 + 64 .4 +23.1
Core, control 30 446 986+ 1.1 300+ 523
Sapwood. control 30 487 10.80 £+ 1.06 320 + 62.8
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Table 5 Characteristics of ultimate strength 1n cutting perpendicular to grain for pine archacological wood and the control

wood.

Wood sample Number of samples Density of Cutting Archaeol./
sample py. kgm ® strength, MPa Control, + %

Core — ground 36 457 21.74 = 441 —~16.2

Sapwood — ground 39 445 2556 + 487 9.4

Core — water 24 473 23.18 £ 2.80 —~10.6

Sapwood — water 26 455 26.88 £ 4.56 4.7

Core, control 32 446 2594 + 4 22

Sapwood, control 37 515 2820 +4.13 -

Table 6 Cocfticient of swelling a4 1n radial direction, Uy 10 tangential direction and oy volume for pine archacological wood

and the control wood.

Wood sample Density of Coetlicient of swelling a. %/%
samples pi,. ke:m (yad Uie oy
Core — ground 457 3.0 8.2 1.5
Sapwood — ground 445 3.0 8.2 [1.5
Core — water 473 3.4 9.1 12.8
Sapwood — water 455 3.4 9.0 2.9
Sapwood, control 507 4.1 8.7 13.0

It can be seen that the characteristics of ultimate
strength 1n cutting perpendicular to grain for pine
archaeological wood decrease by 4.7 + 16.2 %.

CoefTicients of swelling for archacological and
control pine wood are shown 1n Table 6.

As can be seen, coeflicients of swelling for
archaeological wood 1n radial direcion and
throughout the wvolume are lower than the
corresponding indices of the control wood by 0.8 +
26.8 %. The mdices 1n the tangential direction for the
archacological wood located in ground are lower by
5.7 % than the corresponding indices of the control
wood, but those are by 3.3 + 4.4 % higher for the
samples, located 1 water than i the case ol the
control wood.

CONCLUSIONS

1. For pine (Pinus sylvestris 1..) wood, which had
been located Tor 70 years 1in sea walter in a marine
1shing pier (the Baltic sea, the gulf of Riga), n
the 2.5-3.0 m deep water and driven into the sca
bottom at the depth about 1.5 m, in comparison
with the control wood, the mechanical and
deformation properties change selectively. 1e
[rom +61.8 % (shearmmg modulus of elasticity L)
to —27.4 % (schear strength, 1.).

2. Compressive strength, o, 1in axial direction 1s
higher by 2.8 to 10.4% than the corresponding
values of the control wood.

3. A considerable  decrease 1n mechanical

characteristics 1s for shear strength, t,, (-6.3 + -
27.4 %), but at the same time, the greatest growth
1s for shearing modulus of clasticity E, (+23.1 =
+61.8 %).

4. Tensile strength for heartwood, located both 1n
ground and water, 18 higher than the
corresponding 1ndices ol the control wood (+
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10.0 = +12.3%), but for the sapwood part located
in sea water and ground, tensile strength 1s lower
than the corresponding indices ol the control
wood (—8.8 + -32.3%).

5. Volume coefficient of swelling o for
archaeological wood, in comparison with the case
ol control wood, 1s lower by 0.8 = —11.5%.
[ence, the form stability of this wood improves.
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