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B Introduction

A geocomposite in geotechnics is a
product combined in a production facil-
ity, in which the geotextile constitutes
at least one component (PN-EN ISO
10318:2007). According to Wesotowski
[1], it is a material manufactured of at
least two geosyntetic products combined
with each other the following ways: me-
chanically (stitching through, needling),
thermally (welding) or chemically (glue)
used in contact with the ground, rocks and
other geotechnical materials in engineer-
ing constructions [ 1]. The major incentive
to manufacture composites is the willing-
ness to obtain a material which combines
the best properties of separate geotextiles
and related products. The composition
of the composite depends on the role
which the composite is bound to serve
in certain constructional solution [2].
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Abstract

In the following article the authors present production technology for modern geocompos-
ites obtained by mechanical needle-punching technology and spun-lace technology. The
influence of the mass per unit area on mechanical parameters as well as that of the mass
per unit area and load on hydraulic parameters were analysed. It enabled the authors to
find out what mass per unit area is the most advantageous for geocomposites as underlays

in hydrotechnical buildings.
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The composites are used as underlays
in order to reinforce subgrades, railway
sub soils, building yards and car parks,
stabilise and protect against the ero-
sion of slopes, construct retaining walls
and standalone walls out of the ground,
strengthen river channels, shores, land-
fills, etc. [3]. These geocomposites are
useful in buildings to prevent water ero-
sion processes. Constructions built using
geotextiles often serve very important
functions [4], that is why these construc-
tions have to operate together with care-
fully selected geotextiles which are to
separate, filter, protect, drain and also
strengthen [5, 6].

According to the authors in [4], spun-lace
geotextiles, which have not been used in
geotechnics so far, can be combined with
mechanically - needled geotexiles to cre-
ate a modern geocomposite characterised
by a combination of the properties of
the materials mentioned. Mechanically
needled geononwovens have very good
hydraulic properties obtained thanks to
their spatial structure and considerable
porosity. Moreover they show smaller
tensile strength and static puncture re-
sistance and considerable elongations
at the maximum load [4]. However,
hydrodynamically needled geotextiles
show considerable tensile strength with a
relatively small mass per unit area. Us-
ing these materials as separate layers in
earthen structures and in hydrotechnical
buildings makes it possible to make a
choice between functional properties and
using additional layers of building mate-
rials [7].

B Plan of experiment

The design of the experiment was based
on assumptions contained in publications
by the following authors [8 - 13]. Polypro-

pylene geotextiles manufactured by two
different methods — mechanical needling
(M, =[200 300 400]Tg/m2) and hydrody-
namic needling (M, = [100 200]Tg/m?2)
in order to obtain the construction of a
geotextile geocomposite were taken into
account arbitrarily. The geononwovens
were combined into a geocomposite by
mechanical needle-punching [7, 14].

As for the choice of machines indispen-
sable to carry out tests, the following
criteria were taken into account: the pos-
sibility of carrying out production tests
and future mass production of the geo-
composite, the possibility of processing
raw materials of different chemical and
physical properties, the possibility of
manufacturing geotextiles of a vast vari-
ety of basis weight and the most possible
width of the finished product.

Technological tests were carried out us-
ing the following units [7, 14]:

1. Unit AQUAJET — a unit aimed at ob-
taining nonwovens by Spun—lace nee-
dle punching technology, where deli-
cate water needles directed at a fibre
web under high pressure are the ele-
ment combining the fibres in the fibre
web. The width of the finished prod-
uct is 320 cm, the scope of the basis
weight for the unit is 30 — 220 g/m2,
the possibility of processing fibres of
thickness amounting to 1.7 — 6.7 dtex
and length 38 — 60 mm, the possibility
of processing different types of raw
material (PET, PP, PE, PCV, and blend
of raw materials).

2. Unit FEHRER - aimed at the produc-
tion of geotextiles by mechanical nee-
dle punching technology on one side
and on both sides. The needle punch-
ing of the fibre web is performed by
steel needles with cuts, causing the
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Table 1. Basic parameters of the process of manufacturing geocomposites; D - needled
punched geononwovens, S - spun-laced nonwoven, K - geocomposite.

Item Needle punched Spun-laced .
Parameter Geocomposite
number geononwoven nonwoven
PP100%
. PP100% PP 100%
1 Raw materials 15dtex/60mm 2 2dtex/40mm 15dtex/60mm Spun-
laced nonwoven
2 Preparatlor_\ of raw Equipment for precisely defining the percentage of fibres
material
3 Process of FEHRER unit AQUAJET unit FEHRER unit
manufacturing
4 Speed, m/min 3.0 7-9 3
5 Type of needles FOSTER F 206/3B - FOSTER F 206/3B
Depth of needling,
6 mm 10 - 10
7 Amount lof needling, 30 } 30
pilcm?2
Mass per unit area D/200 S/100 ﬁﬁgg - 3?32
8 after needling, D/300 S/200 K/500 — 521 '2
2 D/400 B ’
g/m K/600 — 610.7
9 Width after needling, 320 320 320

cm

drawing of fibres in the cross machine
direction. The width of the finished
product is 320 cm, the scope of basis
weight for this unit 70 — 1000 g/m?2,
the possibility of processing fibres of
thickness amounting to 1.7 — 110 dtex
and length 38 — 87 mm, the possibility
of processing different types of raw
materials, such as PET, PP, PCV, PE,
and blend of raw materials.

Generally the plan of the experiment
consisted of two stages which include
Table I):

1) manufacturing mechanically needled
geotextile and hydrodynamically
needled geotextile.

2) obtaining a geocomposite
(M,=[300 400 500 600]Tg/m?) from
the mechanically needled geotextile
and hydrodynamically needled geo-
textile.

Obtaining geocomposites by combining
components of appropriate mass per unit
area was suggested. The following per-
centage of the components was chosen
arbitrarily:

A
Xi Object of Yw
=" investigatons [ =

Figure 1. Object of investigations; x;- input
variables, Y,, — output variable, Z — non-
measurable disturbances.
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D/200 + S/100 = K/300, where the
needle-punched geotextile constitutes
approximately - 66%,
D/300 + S/100 = K/400, where the
needle-punched geotextile constitutes
approximately - 75%,
D/300 + S/200 = K/500, where the
needle-punched geotextile constitutes
approximately - 66%,
D/400 + S/200 = K/600, where the
needle-punched geotextile constitutes
approximately - 66%.

B Methods of data analysis

As a result of the experiment conducted,
aimed at establishing a modern geocom-
posite in the form of an underlay, supple-
mentary characteristics were determined
approximating the real characteristics of
the object of the investigations. The form
of the supplementary characteristics,
also called the mathematical model or
the function of regress, was determined
separately for every output variable y,, €
Y,, (see Figure 1).

The output of the object as a function
of the input: x|, xo and non-measurable
disturbances — Z were determined as fol-
lows:

J;ur :f(xlax27 bOablabb bk) (1)

where:
X1 i xp - settings,
b — coefficients of function of regress,
k=1,2,3, .., k- number of coef-
ficients of regression equation.

In order to obtain a useful regress equa-
tion and also satisfy the requirements of

the significance at a determined probabil-
ity level (o = 0.05) the following condi-
tion must be met:

F‘(‘alc:F(K';N_K'_I)ZFL'H}’ (2)

where:

F_,i; - the critical values of F-Snedecor’s
statistics determined for K’ and N - K’ - 1
degrees of freedom at significance level
o =0.05.

This condition can be met by the mod-
els including the different numbers of
K’ coefficients occurring in the equa-
tion of regress. Sometimes the choice of
“the best equation of regress is needed”,
which was taken into account during the
analysis:

increases in squares of coefficients of

determination - R2,

values of F-Snedecor’s statistics -

FK;N-K - 1),

values of partial statistics of

the terms of regress equations -

Feir(K; N-K - 1).

I Methods of investigation

Investigations were conducted in accord-
ance with the scope and kind of testing
of geotextiles properties adjusted to the
function which these materials fulfill in
the construction, mainly as drainage, fil-
tration and separation layer. Physical and
mechanical properties of the geotextiles
were characterised by the following pa-
rameters: mass per unit area (PN-EN ISO
9864), thickness at a particular pressure:
2,20,200 kPa (PN-EN ISO 9863), tensile
strength, elongation at maximum load
(PN-EN ISO 10319) , static puncture re-
sistance - the CBR method (PN-EN ISO
12236), and dynamic puncture resistance
- cone drop test (PN-EN ISO 13433). The
hydraulic properties were characterised
by the water flow capacity (PN-EN ISO
11058), water permeability in the plane
(PN-EN ISO 12958), and characteristic
opening size (PN-EN ISO 12956). All
parameters were determined according to
ISO harmonised standards for functions
drainage, filtration and separation [7, 15].

Results of the research
on mechanical properties

The main aim of the research was to de-
termine the influence of mass per unit
area on basic mechanical and hydraulic
properties and find out what mass per
unit area is most advantages for the geo-
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composites applied as underlays in geo-
technical buildings.

Statistical parameters of mechanical
properties of the geononwovens are
shown in Table 2.

Note for Tables 2 and 3: D - needled
punched geononwovens, S - spun-laced
nonwoven, K - geocomposite, Mp =mass
per unit area, eyip, = thickness at pres-
sure 2 kPa, eyop, = thickness at pres-
sure 20 kPa, e)ookpa = thickness at pres-
sure 200 kPa, Fpyp = tensile strength
in machine direction, F.xyp = tensile
strength in cross machine direction,
Emp = elongation at maximum load in
machine direction, Exyp - elongation at
maximum load in cross machine direc-
tion Fcgr - static puncture resistance,
Fp - dynamic puncture resistance, statis-
tics: X - mean value, Vo, coefficient of
variation, U — mean error.

Statistical parameters of mechanical
properties of the geocomposites are
shown in Table 3.

In the next part, the influence of changes
in the mass per unit area of the compos-
ites on their mechanical properties was
checked. In order to show changes in me-
chanical properties of the composites in
the function of changing their mass per
unit area, substitute characteristics were
determined -

e=f(M,).F,=f(M,), E=f(M,),
ﬁCBR:f(Mp)’ ﬁD:f(Mp)

approximated with straight lines. Coeffi-
cients of the regression function, the co-
efficient of the multidimensional correla-
tion and computational statistics — Fi .
and critical statistics Fisher — Snedecor’s
F it are shown in the diagrams.

However, substitute characteristics for
elongation at the maximum load and

Table 2. Statistical parameters of mechanical properties of the geononwovens.

Parameter | M, €2kPa, | ©20kPa,  ©200kPa,
g/m2 mm mm mm

X 210.8 2.54 1.81 1.0

D/200 | Vo, 0.28 1.89 1.18 3.65
u 8.51 0.03 0.02 0.03

X 316.5 3.01 2.23 1.23

D/300 @ Vo, 1.12 6.21 4.04 5.05
u 8.51 0.09 0.03 0.04

X 406.8 3.21 2.81 1.8

D/400 | Vo, 0.32 1.09 2.66 4.15
u 8.51 0.02 0.05 0.05

X 111.2 1.04 0.84 0.7

S/100 Vo, 0.57 10.4 6.83 217
u 8.51 0.08 0.04 0.01

X 195.6 1.29 1.14 0.8

S$/200 Vo @ 0.35 1.94 7.44 3.9
u 8.51 0.02 0.06 0.02

Femp, | Frexwmp, | Emp, | Exwp, | Feer, | Fp,
kN/m | kN/m % % kN mm
7.3 12.2 119.2 1 109.1 1.3 22.4
1.23 0.82 0.34 0.42 264 | 3.12
0.1 0.12 0.50 0.57 0.04 | 0.57
13.8 19.9 120.2  115.2 2.2 18.0
0.69 0.49 0.09 0.38 4.7 2.62
0.12 0.12 0.14 0.55 0.13 | 0.59
16.9 259 130.1 121 3.2 12.0
0.48 1.24 0.37 0.22 543 | 3.93
0.10 1.40 0.60 0.33 0.22 | 0.59
6.3 7.2 47.2 56 0.32 25
4.67 2.32 0.86 1.01 6.87 14
0.37 0.3 0.51 0.7 0.03 | 0.52
11.23 | 11.23 54.5 77.2 1.91 22
0.46 0.97 1.72 0.51 0.57 | 1.31
0.06 0.15 116 | 0.49 | 0.01 | 0.39

Table 3. Statistical parameters of mechanical properties of the geocomposites.

Parameter Mp, | exkpa, | €20kPa, | €200kPa,
g/m2 mm mm mm

x | 328.8 3.16 2.72 1.59

K/300 Vo @ 0.10 1.19 3.52 5.09
u 8.51 0.03 0.07 0.006

x | 414.4 3.62 2.64 1.77

K/400 @ Vo, @ 0.04 1.25 0.83 1.79
u 8.51 0.03 0.02 0.02

x | 521.2 4.2 3.1 21

K/500 @ Vo, | 0.16 2.69 3.86 4.23
u 8.51 0.08 0.09 0.06

x | 610.7 4.4 3.6 24

K/600 Vo, & 0.06 1.78 2.48 1.28
u 8.51 0.06 0.06 0.02

movement at static puncture were not es-
tablished.

Analysing the data shown in Table 3 and
the diagram shown in Figure 2, it can be
assumed that the more parameter — M,
increases, the more the thickness of the
composite at a pressure amounting to 2
and 200 kPa increases linearly. Substitute
characteristics at a pressure of 20 kPa
were not established.

Analysing the data shown in Table 3
and the diagram shown in Figure 3, it

Frmp, | Fexmp, | Emp, | Exwmp, | Fesr, | Fp,
kN/m | kN/m % % kN mm
6.0 6.3 89.8 82.8 21 18.2
0.95 0.58 0.30 0.23 344 | 2.32
0.07 0.05 0.34 0.24 0.09 | 0.52
6.9 8.5 95.7 92.7 24 17.4
1.8 1.36 0.49 0.51 2.83 | 2.97
0.14 0.14 0.59 0.59 0.08 | 0.64
8.1 8.9 97.5 95.3 3.1 14.0
0.98 0.77 0.19 0.03 1.10 | 3.37
0.10 0.08 0.23 0.04 0.04 | 0.59
9.6 9.1 99.1 96.8 3.8 121
0.82 0.07 0.40 0.18 2.08 | 2.61
0.10 0.08 0.49 0.22 0.10 | 0.39

can be assumed that the more param-
eter — M,, increases, the more the ten-
sile strength measured in the machine
direction — Fyp of the geocomposites
increases linearly. Substitute character-
istics were not found in the cross ma-
chine direction.

Analysing the data shown in Table 3 and
diagram shown in Figure 4 (see page
110), it can be assumed that the more
parameter — M, increases, the more the
static puncture resistance of the compos-
ites FcgR increases linearly.

Fuo = 0.012M, +2.25

R?=0.9877 Feay =160 Foy =185

6.0 35.0

5.0 30.0

40 eap =00043M,+ 1914 3 £ 30

£ R?=0.9692 Foyy = 62.93 Foy= 185 2 200
g 3.0 [

S oo xopa=00028M,+0723 , 4 u 150

b % Re_qeses Fea = 146.14 Foy =185 10.0

1.0 50

0.0 0.0

300 350 400 450 500 550 600 300 350

M,, g/m?

Figure 2. Influence of changes in the mass per unit area — M, on
the thickness — e of the geocomposites at a pressure amounting to

2 kPa and 200 kPa.
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400 450 500 550 600
M,, g/m?

Figure 3. Influence of changes in the mass per unit area on the
tensile strength measured in the machine direction— F,yp.
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5.0

4.0 > 25.0
= Fegr = 0.0058M, + O-L/ £ Fo =-0.0217M, + 25.19
x 3.0 £
£ /Mgna Fou =97.23 Fo = 185 a K\\F&H}.QSS? Foe=62.93 Foy = 185
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w 2.0 15.0
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1.0
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Figure 4. Influence of changes in the mass per unit area — My, on the
static puncture resistance Fcpgp of the geocomposites.

Analysing the data shown in Table 3
and diagram shown in Figure 5, it can
be assumed that the more parameter M,

increases, the more the dynamic puncture
resistance of the geocomposites — Fpy de-
creases linearly.

Table 4. Parameters of hydraulic properties of the geononwovens, *) Methods of investiga-
tion.

Parameter D/200 D/300 D/400 S/100 S/200

Water flow capacity in their plane gng I/m's
Flow direction - MD

where i = 0.1, at load: 2 kPa 25x%x10-3|42x103 45x102 1.1x 103 1.8x10-3
20 kPa 1.3x10-32.8x10-3|3.7x10-3|4.5x104 7.9 x 104
50 kPa 7.9%x1041.7x103 | 1.6 x10-3 25x 104 4.4 x 104
100 kPa 3.9x%x104|13x103 1.2x 103 1.6 x 104 2.8 x 10-4
where i =1, at load: 2 kPa 21x1036.9%x103|14x10-2 3.9x103 5.1 x 103
20 kPa 1.7%x10-3 1 3.3x10-3|3.7x10-3 |14 x 103 1.2x 103
50 kPa 1.6 x10-3 | 2.3x10-3|2.7x10-3 |54 x 104 5.1 x 104
100 kPa 1.3x104 20x10-3  1.5x 103 | 2.3 x 104 | 3.3 x 104
Flow direction - XMD

where i = 0.1, at load: 2 kPa 1.9%x10-3 1.5%x102|1.8x10-2| 6.8 x 104 4,2 x 10-3
20 kPa 1.3x10-3  28x10-3  25x 103 |4.2x 104 |1.8x 103
50 kPa 8.1x104|14x103 2.0x 103 3.8x 104 1.1x10-3
100 kPa 7.7%x10492x104 1.1x103 2.2x 104 9.8 x 10-4

where i =1, at load: 2 kPa
20 kPa 76x103|12x102 1.8x 102 4.4 x10-3|3.1x10-3
50 kPa 1.7x10-3 | 3.1x10-3|3.7x10-3 | 1.6 x 103 1.8 x 10-3
100 kPa 6.8x 104 1.3x103/25x10-3 1.1x103 1.4 x 103
24x104|12x103 1.5%x 103 7.1x 104 | 8.1 x 10-4

Water permeability in the plane without

23x10222x102 21%x102|24x102 2.1x102
load Vlys0 m/s

Characteristic opening size Ogg mm 0.110 0.095 0.089 0.090 0.089

Table 5. Parameters of hydraulic properties of the geocomposites, *) Methods of investiga-
tion.

Parameter K/300 K/400 K/500 K/600
Water flow capacity in their plane qng I/m's
Flow direction - MD
where i = 0.1, at load: 2 kPa 45%x103 | 48x103 | 51x103 | 57x10-3
20 kPa 1.3x10-3 | 3.8x103 | 42x103 | 45x103
50 kPa 55x104 | 14x103 | 1.5x103 | 29x103
100 kPa 39x104 | 12x103 | 1.1x103 | 1.8x103
where i =1, at load: 2 kPa 7.8x103 1 9.28x10-3 | 87x103 | 9.5x 103
20 kPa 38x103 | 54x103 | 54x103 | 6.4x103
50 kPa 16x103 | 42x103 | 3.8x103 | 45x103
100 kPa 9.1x104 | 36x103 | 3.1x103 | 3.2x10-3
Flow direction - XMD
where i = 0.1, at load: 2 kPa 56x103  6.2x103 | 6.8x103 | 7.1x103
20 kPa 22x103 | 45x103 | 47x103 | 6.1x10-3
50 kPa 9.8x104 | 3.1x103 | 3.9x103 | 2,8x10-3
100 kPa 52x104 | 92x104 | 3.7x103 | 24x103
where i =1, at load: 2 kPa 6.1x103 | 98x103 | 1.2x102 | 9.7 x 103
20 kPa 34x103 | 52x103 | 6.3x103 | 7.1x103
50 kPa 19%x103 | 3.1x103 | 42x103 | 4.8x103
100 kPa 9.7x104 | 29x103 | 3.1x103 | 3.4 x10-3
Y/\{ater permeability in the plane without load 3.0%x102 | 23x102 | 2.1 x 102 1.9 x 102
H50 M/s
Characteristic opening size 0gg mm 0.100 0.095 0.089 0.081
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Figure 5. Influence of changes in the mass per unit area — My, on the
dynamic puncture resistance of the geocomposites — Fp.

Results of the research
on hydraulic properties

Parameters of hydraulic properties of
the geononwovens are shown in Table 4,
whereas of the geocomposites are shown
in Table 5.

Analysing the data shown in Table 5 and
the diagram in Figure 6.a, for the ma-
chine direction MD it can be assumed
that the more load — Ny increases, re-
gardless of the mass per unit area value,
the more the water flow capacity in the
plane of product — g of the geocom-
posite decreases. Further load growth —
Ny influences changes in the water flow
capacity parameter in the plane of prod-
uct — qpe. Composites of a mass per unit
area amounting to Mp = 500 — 600 g/m?
at load Ny = 2 — 20 kPa are character-
ised by the biggest water flow capacity.
As for functioning as drainage and filtra-
tion (roads, car parks, etc.), lighter geo-
composites can be used with a mass per
unit area — M, = 300 — 400 g/m2 without
lowering their water flow capacity, which
is a great advantage of these geocompos-
ites. Whereas for the cross machine di-
rection XMD (Figure 6.b), it can be as-
sumed that in the range of load Ny = 20
— 50 kPa, regardless of the mass per unit
area value — M, , the water flow capacity
in the plane of product — qyg of the geo-
composite decreases. Further increase in
the load — Ny influences changes in the
water flow capacity in the plane of prod-
uct — qug. Geomposites at load — Ny = 2
— 50 kPa are characterised by the biggest
water flow capacity. As for functioning
as filtration and drainage, when aimed
at roads, car parks, etc., composites of a
mass per unit area M, = 300 — 400 g/m?2
can be used, which can be at a maximum
load amounting to 50 kPa. proving very
well that the components out of which
the geocomposite aimed at functioning in
soil conditions is made of were carefully
selected.
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Figure 6. Diagram of water flow capacity regression of the geocomposites — g = f (N M

2L

) where i = 0.1 yp; R? = 0.937; R = 0.968;
23.56; Fopip = 3.33.
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Figure 7. Diagram of water flow capacity regression )/unction of the geocomposites -

G, =[N, ;M )where i = I yp; R? = 0.932;

R = 0.965; Fege = 27.46; Fopiy = 3.33, G, = f(N,;;M , Jwhere i = 1 xyp; R2 = 0.909; R = 0.953; Fge = 20.108, Feyyy - 3.33.

Analysing data shown in Table 5 and the
diagram in Figure 7.a, for the machine
direction MD, it can be assumed that in
the scope of load — N = 20 — 50 kPa,
regardless of the mass per unit area val-
ue — M,, the water flow capacity in the
plane of product — g of the geocom-
posite decreases. The composites at load
Ng = 2 — 20 kPa are characterised by the
biggest water flow capacity. As for func-
tioning as filtration and drainage aimed
at roads, car parks, etc., geocomposites
of mass per unit area amounting to — M,
=300 — 400 g/m2 can be used, which
can be loaded to 50 kPa, proving very
well that the components out of which
the geocomposite aimed at functioning
in soil conditions is made of have been
carefully selected. Whereas for the cross
machine direction XMD (Figure 7.b),
it can be assumed that in the load range
Ng =20 — 50 kPa, regardless of the mass
per unit area, the water permeability de-
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creases. A further load increase influenc-
es the change in the water flow capacity
parameter in the plane of product — qye.
Geomposites at load Ny = 1 — 20 kPa are
characterised by the biggest water flow
capacity. As for functioning as filtration
and drainage aimed at roads, car parks,
etc., geocomposites of mass per unit
area — M, = 300 — 475 g/m2 can be used,
which can be loaded to 20 kPa, proving
very well that the components out of
which the composite aimed at function-
ing in soil conditions is made of were
carefully selected.

Analysing the data shown in Table 5, it
can be assumed that water permeability
in the plane without a load, expressed by
transmissivity — Vigso m/s, decreases to-
gether with an increase in the mass per
unit area — Mp,, whereas the characteris-
tic opening size — Og( decreases together
with an increase in the mass per unit area,

which directly influences the drainage
and filtration function of the geotextile.

As for the result of the statistical analysis
of mechanical and hydraulic properties
of the geocomposites, it was found that
for functioning as drainage, filtration and
separation, lighter geocomposites, mean-
ing of smaller mass per unit area in the
range of 300 — 400 g/m2 , can be used
without lowering mechanical and hy-
draulic properties.

I Conclusions

1. The technological identification car-
ried out enabled the creation of mate-
rials of smaller basis weight that meet
requirements concerning geotextiles
to be used as an underlay in different
kinds of engineering objects without
worsening their properties.
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2. The statistical modelling carried out

enabled to define the influence of the
mass per unit area on forming me-
chanical parameters such as thickness,
tensile strength, elongation at maxi-
mum load and resistance to static and
dynamic puncture.

. As for hydraulic properties, it can be
realised that the more the mass per
unit area decreases, the more the wa-
ter permeability in the plane without
a load and characteristic opening size
increases, whereas the flow capacity,
load and mass per unit area influence
the water flow capacity in the plane
significantly.

. The geocomposite suggested com-
bines the properties of mechanical-
ly-needled and hydrodynamically-
needled geotextiles, thanks to which,
together with a smaller mass per unit
area, underlay materials of very high
mechanical and hydraulic parameters
are obtained that meet requirements
concerning geotextile materials aimed
at functioning with the ground.
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On behalf of the Board of the Polish Chitin Society | have both a pleasure and an honour to invite you to participate in the
XVII Seminar and Workshop on “New Aspects of the Chemistry and Applications of Chitin and its Derivatives”
which will be held in Zywiec, Poland, September 18th — 20th, 2013.
The aim of the conference is to present the results of recent research, development and applications of chitin and

chitosan.

It is also our intention to give the conference participants working

exchange their experiences in a relaxing environment.

in different fields an opportunity to meet and

Best regards

Malgorzata M. Jaworska Ph.D., D.Sc., Eng.

For more information please contact:

CONFERENCE SECRETARY
M. Sklodowskiej-Curie 19/27, 90-570 t.6dz, Poland
tel. (+48) 42 638 03 339, fax (+ 48) 42 637 62 14,
e-mail:_ptchit@ibwch.lodz.pl www.ptchit.lodz.pl
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