
1. 2120475 STRENGTHENING A MATRIX Background of the Invention The present
invention relates to a method of strengthening a particulate matrix,
comprising embedding 5  generally flat pieces of flexible, open mesh
structure in the matrix.  The word "strengthening" includes reinforcing
and/or stabilizing. In general terms, the matrix can be any particulate
matrix. whether load-bearing or not.  The structures 10 formed can be for
instance geotechnical structures, structural components for building, or
surfacing materials.  The maxtrix can be of.any suitable form, such as soil
(which includes rocks, stones, gravels, sands, clays and the like as well
as cement-stabilised 15 soil and cement-bound granular materials (normally
containing 2-12% cement); and mine spoil or slag), substances comprising a
hydrocarbon binder such as asphalt, bituminous asphalt or tar, substances
comprising a hydraulic binder or fill, such as cement, 20  concrete,
lean-mix concrete or plaster (which are considered as' particulate),
substances comprising a pozzolanic binder, and substances comprising a
resinous .   



2 binder, such as chip-board.  The matrix can be particulate and
non-cohesive or cohesive, or inherently substantially rigid; a material
such as clay or tar may be viscous and capable of large movement or
deformation, 5  or a material such as cement or concrete can be rigid and
incapable of large movement or deformation. Particulate matrices will have
natural void spaces which can be filled for instance with water and/or air.
3 The Invention The present invention provides methods as set forth in
Claims 1 or 25, matrices as set forth in Claims 24 or 26 and machines as
set forth in Claims 27 or 29.  The 5  remaining Claims set forth preferred
features of the invention.    4 The Pieces of mesh structure provide a
Positive interlock with the matrix, and thus do not rely entirely on
friction between or chemical bonding between the 



material of the piece and the matrix.  In other words, 5  Particles of the
matrix in different mesh openings are interlocked together.  In soil at
least, the mesh pieces .plus interlocked soil particles form aggregates of
particles within the soil mass.  Providing there are sufficient mesh
pieces, these aggregates  will interact 10 so that the whole mass of soil
will be interlocked ino a single improved mass.  The effectiveness of the
pieces depends upon them having tenaceous junctions or intersections which
enables each piece to interlock effectively with the matrix and properly
exploit the 15 strength of the material of the  piece without the piece
tearing apart.  In addition, each piece has high dimensional stability in
the plane of the piece, which enables the piece to withstand forces in its
plane and maintain the stability of the matrix. 20 Usually  asphalts are
graded so as to contain particles from a predetermined maximum size down to
a fine powder and it is believed that in matrices of the invention, the
large particles are anchored by the mesh  pieces and the smaller particles
are anchored by the larger 25 particles. In general,the mesh structure
pieces can be easy to    5 



manufacture, providing a cheap strengthening.  The strengthening can be
supplied in for instance compact rolls and be cut into the pieces
immediately prior to mixing with the matrix. 5 The mixing of the pieces
with the matrix is random (three-dimensional distribution in a random
manner), and the mesh structure pieces would not in general be parallel to
each other.  Thus, in the specific case of plasterboard or concrete panels
(or slabs), some pieces 10 may extend in the direction at right angles to
the faces as well as parallel to the faces, depending on the thickness of
the panel; with thin panels (or sheets), the pieces would be more generally
coplanar with the panel. 15 As each piece is small relative to the size of
the matrix as a whole, and as the mixing is random, the pieces can be
incorporated with ease in the matrix without advancedtechnology and without
great skill even though there is a large number of the pieces. 20
Nonetheless, it is surprisingly found that the pieces are highly effective
in strengthening the matrix, provided no substantial amount of extra void
space is created;,. for the purposes of this specification, the space
occupied by the material of a mesh piece itself is 25 not considered void
space - it is desirable, though not   



6 essential, that the inclusion of the mesh pieces should not decrease the
bulk density of the matrix (plus pieces). In general terms, the following
are examples of the 5 application of the method of the invention: soil
strengthening, including stabilization; the replacement of asbestos in
asbestos cement sheeting; general reinforcement of cement and concrete 10
products; plasterboard reinforcement; chip-board reinforcement: asphalt
reinforcement. There is a particular advantage with soil.  If the soil 15
on site is of poor quality, it is often practice to remove the soil and
bring in good quality particulate or granular material, i.e. non-cohesive
material; if the mesh structure pieces are mixed with the existing soil,.
its quality is improved.  The load-bearing capacity of 20 the existing soil
is increased, reducing the amount of fill required above the soil for e.g.
road construction.  When properly mixed in soil in the *     correct
proportions, the mesh pieces will act by altering the soil matrix to form a
relatively  



7 homogeneous mass with improved engineering behaviour, referred to as a
soil stabilization technique.  With optimum strengthening, the
incorporation of the mesh pieces can be equivalent to an increase in the
overall 5 soil angle of friction of 2 or [err] or by a load spreading
effect through the strengthened layer, resulting in an effective increase
in the width of the footing.  In addition, soil normally has no significant
elastic recovery; soil strengthened with the pieces 10 appears to have some
elastic recovery and could be particularly useful for dynamically-loaded
locations, such as sub-bases for runways, roads or railways. Furthermore,
at high strain (i.e. after significant movement), the strengthened soil
still has high load 15 bearing capacity and does not heave. If the matrix
is rigid, as in the case of concrete or * cement-stabilised soil or
cement-bound granular *  materials, the pieces can limit movement if
cracking occurs and provide some elastic recovery.for instance .20 in
cement-stabilised soil, one normally expects a large number of very small
cracks to be formed. Material of Pieces The preferred pieces are of
integral plastics material mesh structure comprising molecularly orientated



8 strands.  Plastics material mesh structures are easy to manufacture and
handle.  In specific cases such as concrete cladding sheets, the resistance
to corrosion is very beneficial.  If the method of making the mesh 5
structure is suitably chosen, there can be a large amount of orientation or
all zones of each piece can be at least partly orientated or even highly
orientated, avoiding wastage of plastics material and also maximizing the
tensile strength and modulus of the 10 pieces.  In the normal case where
the meshes are four-sided and four strands issue from each junction or
intersection, the mesh structure is preferably stretched in two directions
along the alignments of the strands. In practice, this can be done by
sequential biaxial 15stretching, stretching first along the alignment of
one set of strands and then along the alignment of the other set of
strands; or alternatively by stretching a diamond mesh in a single
direction, to stretch all the strands, opening the meshes up laterally, and
heat setting the 20mesh.  Biaxially orientated structures are preferred as
it is easier to achieve dimensional stability. In general terms, any
suitable integral plastics material mesh structure can be used, for
instance as 



disclosed in GB 836 555, GB 969 655. GB 1 210 354, GB 1 25250 478. GB 1 290
437, GB 2 034 240A or GB 2 035 191B; a deep strand structure such as that
of GB 1 210 354 is    9 very suitable because of better anchoring or
interlock - the strands are non-circular, being deeper than they are wide.
In general terms, if a plastics material is used, 5 preferred materials are
high density polyethylene (HDPE), polypropylene (PP) or polyesters.  HDPE
or PP can be orientated to a degree corresponding to stretch ratios of 6:1
or more, preferably 10:1 or more: the stretch ratios for polyesters are
less, for instance up loto about 5:1.  With e.g. asphalt reinforcement,
where the pieces will be mixed with the hot asphalt, a suitable high
temperature resistant plastics material, such as polyester, should be used;
the mesh structure may have been heat-set at a temperature of up to for l5
example [err] Materials other than integral plastics material structures
can be used, for instance non-metallic or organic-base materials such as
resin-bonded open mesh woven structures, a preferred such structure being a
20Leno weave.  For soils, the material should be 



non-biodegradable. Other Strengthening The invention can have significant
advantages if used in    10 conjunction with other strengthening in the
form of elongate members which extend part way or substantially right
through the matrix.  Such elongate members may be as disclosed in GB B 1
069 361 (where the elongate. 5 members could alternatively be made of
fibreglass, for intance with a protective water-impermeable coating). GB 2
035 191B. GB 2 073 090B or GB 2 096 531A.  The elongate members can be used
not only in soil matrices.' but also more generally, for instance in
matrices lOcomprising hydrocarbon, hydraulic or pozzolanic binders.
Tenaceous Junctions or Intersections The junctions or intersections of the
mesh must be tenaceous and should not rupture too easily under tensile
forces, in whatever direction the forces are l5applied to the piece.  This
is because the pieces will mainly be distributed in the matrix in a
multiplicity of directions, i.e. almost totally random.  As the matrix is
particulate, the effect of the pieces relies on interlock and this could
cause splitting of the 20junctions or intersections even if tensile forces
were 



applied along' the axes of the strands, unless the junctions or
intersections are tenaceous. In general terms, the expression "tenaceous
junctions or interesections" means that the junctions or    intersections
are not weak and can be stressed in any direction without rupturing too
easily.  Preferably, if opposed tensile forces are applied across the
piece, in whatever direction, the strands rupture (break or split) 5 before
the junctions or intersections do so.  It is however satisfactory if the
tensile strength at break of the junctions or intersections in any
direction across the piece and in the plane of the piece is not
substantially less than 50% of the average tensile 10 strength at break of
the strands: i.e., in practical terms, it is found that the junction or
intersection can be weaker than the strands and still perform in a
satisfactory manner, though this is not preferred. Isotropic Strength 5As
far as possible, isotropic strength is aimed for under opposed tensile
forces in the plane of the piece. This means that the tensile strength at
break in any direction across the piece is not substantially less than that
in any other direction across the piece, 2Owhether break occurs in a strand
or at a junction.  It 



is however satisfactory if the tensile strength at break in any direction
across the piece (and in the plane of the piece) is not substantially less
than 50% of that in any other direction across the piece.. In general
terms, 25 it is desirable to structure a square or rectangular    12 mesh
so that it has substantially equal strengths in the two directions in which
the strands extend. High Flexural Recovery The mesh pieces will be
generally flat prior to mixing 5 or embedding, i.e. at the most just
slightly curved due to the curvature of the roll from which they have been
produced.  The pieces will have some flexibility and will not normally lie
perfectly flat when embedded in. the matrix.  However the pieces should be
chosen in 10 relation to the material of the matrix so that they do not
create a substantial amount of extra void space in the matrix.  It is found
that the mesh pieces can fold over or wrap around to a certain extent
during embedding or mixing, a single fold reduces the effective area of a
15piece, and thus is not desirable, but interlock between the material of
the matrix and the pieces still occurs, and no substantial extra void space
is created.  It is believed that extra void space is created when there are



too many layers of the same piece in contact with each 20 other or very
close to each other - two layers, as in the case of folded pieces, do not
seem to have a pronounced effect.  Nonetheless, tight "condensation" of the
mesh pieces, e.g. rolling up, twisting up, balling up or crumpling up does
create extra void space; the 25 tight condensation would impede the
penetration of the    13 material of the matrix into the mesh structure and
would not achieve proper interlock between the pieces and the matrix:  in
addition, where a piece is for instance rolled up. there may be a
substantial void space in the 5 middle, into which the material of the
matrix has difficulty in penetrating.   It is therefore desirable to avoid
having a substantial number or proportion of pieces which are tightly
condensed. The pieces should have sufficient flexural recovery for 10 a
high proportion of them not to become condensed during embedding or mixing,
and this is termed "high flexural -recovery" herein.. The flexural recovery
can be thought of in terms of the stiffness or springiness of the material
of the piece, the material being capable of 15 high bending before
yielding.  Though it is believed that flexural recovery and/or flexural
stiffness are the 



underlying properties, the actual value of the flexural recovery or
stiffness of the mesh pieces need not be taken as the determinative
criterion; the length of the 20 piece, the nature of the matrix and the
method of embedding are important. Various tests can be devised for
determining if substantial extra void space would be created.  For
instance, the material may be chosen so that the piece 25 can be bent
through a predetermined angle without    14 excessive plastic deformation,
the test being carried out over a short period of time at the temperature
of incorporation into the matrix.  A suitable standardised flexural
recovery test is as follows: four samples 40 x 5   100 mm are cut, one
having its long sides parallel to one set of strands, and the others having
their long sides at [err] in each direction and at 90 to those of the first
sample.  If only smaller specimens are available, the results can be
estimated.  With the 10  samples horizontal, 60 mm of length are clamped
adjacent an edge having a radius of 3 mm so that 40 mm project out over
this edge.  It is considered undesirable if the tip droops by a distance
corresponding to an angle of greater than [err] measured along the chord of
the drooping 



15  piece.  The sample is then folded 90 down over the edge, held for five
seconds, released. and after a further five seconds the angle to which it
has reverted is read (again measured along the chord).  The flexural
recovery is the percentage of the original bend angle 20  which is
recovered, i.e. if the original droop is [err] and the sample returns to a
droop of b  (greater than [err]), the flexural recovery is 100 x (90-
b)/(90 - a)%.  In practice, it is found that, to the nearest degree,it is
possible to obtain 100% recovery, but reasonable quality 25  pieces have
95% recovery and it is-preferred not to -use pieces having a recovery of
less than 75% or better 83%.  The test can be carried out on specimens of a
15 different size, but the size itself of the piece determines the tendency
to, say, roll up during mixing, i.e. a larger piece will tend to roll up
more easily. For suitable soils. e.g. sands, a useful practical flexural
recovery test is as follows.  A sufficiently large sample of the
strengthened soil is put into a compaction vessel and compacted to British
Standard BS 5930-1981.  After compaction, a further 100 mm of the same soil
without the mesh pieces is added to cover the 10   surface of the compacted
mixture.  The sample is then 



transferred in the vessel to a heated oven where it remains for a time and
at a temperature suitable to dry out the sand and heat set the mesh pieces
in the form they have taken up during mixing and compaction.  After 15
cooling, the mixture is tipped from the vessel onto a metal grid which is
then vibrated until substantially all the soil has passed through the grid,
leaving the heat-set mesh pieces available for examination. Substantially
no mesh pieces should exhibit any 20   substantial degree of rolling,
balling, twisting or crumpling.  A like test can be carried out for
concrete or cement composites the cement merely being omitted or possibly
replaced with very fine sand. If a convenient strengthened soil sample is
required for 25   laboratory work, it can be prepared as follows.  Pieces
16 of the mesh structure are progressively added by tumble mixing to a well
graded sand (for example, Mid-Ross Sand), which sand contains a percentage
moisture content which will ensure ease of mixing - the moisture content 5
can be determined empirically.  The mixing is continued until the required
percentage of inclusion has been reached.  Mixing should then be continued
for a further one minute. 



High dimensional Stability 10  High primary dimensional stability in the
plane of the piece means that there is considerable resistance to
elongation when tensile forces are applied across the piece in a direction
parallel to a set of strands: this is important. High secondary dimensional
stability 15 means that there is considerable resistance to the meshes
closing up during mixing, particularly when tensile forces are applied
across the diagonals of the meshes.  If the meshes did close up on mixing,
the entry of the matrix material into the meshes would be 20 restricted.
It may be important that there is good recovery of the original mesh shape
after distortion. A useful measure of secondary dimensional stability
relates the "distortion load" to the weight of the piece per unit area.
The distortion load is that tensile    17 force which, when applied across
any diagonal of the meshes, reduces the area of the mesh opening by half
(related to its unloaded area).  Generally, the distortion load:weight per
square metre ratio may be as low as 0.5:1, 0.6:1 or 0.75:1 (ratios below
0.5:1 not being preferred but not being excluded), though preferred minimum
values are 1:1, 1.5:1, 2:1, 3:1 or 



3.5:1. The test should be carried out in the diagonal 10 directions.
Normally, if the secondary stability is sufficiently high, the primary
stability will be sufficiently high and need not be separately tested. The
test above can be applied for instance to pieces having very elongate
rectangular meshes or having square 15 or nearly square meshes. A simpler
calculation can be made for square or nearly square meshes if a modified
distortion load is considered as that which reduces the opposite diagonal
dimension by half - a rather smaller load need be 20 applied, and the
relative decreases differ because the different mesh sizes and weights
change the stiffness. The modified distortion load:weight per square metre
ratio is preferably at least 0.6:1 and may be at least 0.8:1 or 1:1, though
minimum values of 2:1 or 2.5:1 or 25 more can be realised with some
materials.    18 Density The relative density of the material of the pieces
of mesh structure may be important, depending on the method of mixing and
the consistency of the matrix for instance 5  before setting or
consolidation.  The pieces should 



remain distributed randomly throughout the matrix, i.e. should not all tend
to rise to the top or sink to the bottom. Tensile Modulus 10 The effective
tensile modulus of the piece should. ideally be similar to that of the
matrix if the matrix is rigid, using high modulus structures for matrices
such as concrete; however, the invention is still beneficial if the modulus
is lower.  Low modulus 15 structures can be used for matrices such as soil.
Proportion of Pieces to Matrix In any matrix there will be a large number
of pieces. For any particular matrix and mesh piece, there will be an
optimum number of pieces per unit volume to obtain 20 maximum improvement
of properties; this can be determined experimentally.  The proportion of
pieces used will depend upon inter alia the nature of the    19 matrix,
particle size distribution in the matrix, strand size, mesh pitch, overall
size and shape of pieces, and flexural stiffness and tensile stiffness of
the mesh pieces.  If the amount of mesh pieces is too great, the 5  mesh
pieces will grossly interfere with each other (and. may fold) and the
matrix/piece interlock action will be 



suppressed, reducing the strength of the matrix - thus inadequate strength
of the individual pieces cannot be compensated for by using'a very large
amount of the 10  pieces.  Nonetheless, there may be so many pieces per
unit volume that without the matrix present, the pieces would provide a
self-supporting mass of about the same volume - if, as is normal, strands
protrude from the edges of the pieces, the mass can be coherent to a 15
certain extent as protruding strands or even the corner of one piece can
engage in the mesh opening of another piece, the effect occurred
particularly when using larger mesh pitches.The effect was specifically
noted when pieces of 18 mm pitch mesh having just four 20  complete mesh
openings (2 x 2) were used at 0.5% w/w (dry weight) to strengthen sand. It
is believed that a preferred minimum is about 5,000 or 10,000 pieces per
cubic metre and a preferred maximum is about 500,000 pieces per cubic
metre, though the 25  number depends inter alia on the size of the pieces.
20 In general, the proportion w/w of the pieces to the matrix-is preferably
from about one tenth of that proportion at which the matrix has maximum
density to about two and a half times that proportion.  All. 



5   proportions are given herein for dry weight.  For soil, the proportion
is preferably less than about 2% or 1% but preferably more than about
0.05%.  For hydrocarbon, hydraulic and pozzolanic binder product's, the
proportion is preferably as for soil, or may be up to 5%. 10  Number of
Mesh Openinas in a Piece Preferably, each piece has up to a thousand, five
hundred or two hundred and fifty complete mesh openings. the more preferred
number being about twenty-five or twenty but for instance eight or nine
being possible. 15  It is also possible to operate with pieces having as
few as three or four complete mesh openings. Size of Pieces Each face of a
piece will have an area which is small relative to the size of the matrix
being strengthened. 20  The greatest dimension of the piece would be small
relative to the greatest dimension of the matrix, e.g. less than one tenth
or one hundredth or one thousandth of the matrix greatest dimension.  As
long as the mesh    21 structure pieces have small widths, they can be
quite long, for instance up to 300. 400 or 500 mm long, or even longer.
Nonetheless, it is preferred that the pieces be roughly square or at least
that the length be 



5   of the same order as the breadth, e.g. not more than ten times the
breadth and more preferably not more than twice the breadth. When
strengthening soil, the area of each face of the 2 pieces is preferably
about 10,000 mm  or less, the 10  preferred area being about 1,000 [err],
for instance 35 mm square or 30 x 40 mm.  If however the pieces are long
and relatively narrow, each face can have sizes significantly greater than
10.000 [err] ,for instance up 2 to 20.000 or 30,000 [err] 15  For
hydrocarbon binder products, the size of the pieces can be rather larger
than for soil. e.g. about 20,000 mm2 or less. For hydraulic or pozzolanic
binder products, the size of the pieces can be as for soil, though much
smaller 2 20  pieces, say down to about 100 mm  (area of each face) are
conceivable: the mesh size may depend on the size of the aggregate or
filler, but for instance for cement roofing sheets,the pieces may be much
smaller than for -  soil strengthening.    22 



Mesh Size and Strand Thickness It is easier to consider pitch than mesh
size. The pitch may be chosen in relation to the particle size of the
matrix.  For soil particle sizes, one normally 5   considers the D85 value,
which is the grid size through which 85% w/w of the soil passes.  It is
preferred that the pitch should be substantially greater than the particle
size, a preferred maximum-being 25 times particle size and a preferred
minimum being twice 10   particle size.  In general for strengthening those
soils and granular materials which are normally used, the pitch may be
between 5 and 40 mm.  For fine sand having a 1 mm D85 value, the pieces can
have a roughly square pitch of about 3 mm and a strand thickness of for 15
instance about 0.1 mm.  For hydrocarbon, hydraulic and pozzolanic binder
products having a maximum particle size of 20 mm. the pieces can have a
roughly square pitch of about 50 mm with a strand thickness of for instance
about 2 mm. 20   The Drawings The invention will be further described, by
way of example, with reference to the accompanying drawings, in    23
which: - 



Figure la is a schematic slice through a matrix strengthened in accordance
with the invention: Figure lb illustrates mesh pieces which are not in 5
accordance with the invention: Figure lc illustrates mesh pieces which are
in accordance with the invention; Figures ld and le are schematic,
theoretical figures illustrating the behaviour of the strengthened matrix;
10 Figures 2 to 4 are views of three different pieces of mesh structure
used in accordance with the invention; Figure 5 is a diagram showing the
tensile forces applied to a piece when testing the piece; Figures 6a and 6b
are graphs of bearing ratio and dry 15 density against mesh piece content.:
Figure 6c is a graph of load bearing capacity against strain: Figures 7 and
8 are schematic side elevations of first    24 and second soil
strengthening machines in accordance with the invention: and Figure 9 is an
isometric projection of a roll of mesh structure material which can be used
in the machine of .5  Figures 7 and 8. Figures la to le 



Figure la shows pieces 1 of integral plastics material mesh structure,
mixed randomly with a matrix 2.  The slice shown will have a finite
thickness. e.g. one tenth 10 of the height of the panel or layer, all the
pieces 1 (or parts thereof) within the slice being depicted in dashed lines
- for clarity, the pieces 1 are not shown cut off at the edges of the slice
and projecting parts are shown in full lines.  If desired, continuous, 15
elongate strengthening or reinforcing members 3 can be incorporated in the
matrix 2. -Figures lb and lc illustrate samples of mesh pieces recovered
after mixing and compacting in said practical flexural recovery test
described above.  Figure lb 20 illustrates the result of using unsuitable
mesh pieces which met the requirements of the test in only one direction.
Figure lc illustrates the.result of using suitable mesh pieces (Example 4
of Table 1 below).    25 Figure Ld shows a theoretical interlocked soil'
assemblage, with soil particles 2' interlocked by the filaments 1' of a
single piece 1.  Figure le shows interlocked assemblages in the soil mass.
5  Figures 2 to 4 The piece 1 of Figure 2 was a heat-set, orientated 



biplanar diamond mesh structure of GB 836 555.  The piece 1 of Figure 3 was
a heat-set biplanar biaxially-orientated square mesh structure of GB 1 250
10 478.  Figures 2 and 3 illustrate that the pieces can be "on the diamond"
or "on the square".  The piece 1 of Figure 4 was a deep strand structure as
disclosed in GB 1 210 354.  In each of Figures 2 to 4, there are
intersections or junctions 5 interconnected by highly 15 orientated strands
6; in Figures 2 and 3, the intersections 5 are unorientated whereas in
Figure 4, some orientation has occurred in the intersections 5. Figure 5
Various mesh structures were subjected to "hook tests" 20 to determine
their tensile strengths in various directions across the structure.  Tables
1 and 2 below give the results.  Each of the mesh structures were biaxially
orientated, having been stretched roughly to    .
26 the same stretch ratio in each of two directions at 90 the strands were
highly orientated.  Mesh structures 1 to 3 were as in Figure 3 and had been
stretched 4.5:1 overall.  The orientation passed into the intersections, 5
though there was some unorientated material in each intersection.  Mesh
structures 4 to 6 were biplanar mesh 



structures produced by the method of GB 969 655 and stretched 4:1 overall.
Mesh structure 7 was as in Figure 4. and had been stretched 6:1 overall,
without 10 heat-setting.  Mesh structure 8 was as in Figure 3. and had been
stretched 4:1 overall and heat-set at [err] As illustrated in Figure 5, the
forces were applied in four or six different directions A to D or A to F.
two being along the respective strands and two being along 15 the
respective diagonals.  These directions were chosen because the maximum
strength and the minimum strength should be represented, at least
approximately.  Tables 1 and 2 give the strengths at peak load together
with some details of the material.  In no case did the junction or 20
intersection break.  In each case, the minimum force at break was greater
than 50% of the maximum.  The extension at peak load for A and B is given
in Table 2 as a percentage (as an average for mesh structures 1 to 3)  The
thinnest part of any strand was roughly at its 25 mid-point.    27 Table 2
also gives the distortion load and the modified distortion load as a ratio
to the weight per unit metre of the mesh structure.  As the meshes were
square and the structures balanced, the ratios for loads on 



5  respective diagonals were very close to each other - Table 1 gives the
average.  In all cases, the mesh structures had high primary dimensional
stability.  In all cases, the materials passed said practical flexural
recovery test (mesh structure 4 is illustrated in Figure 10 [err]). Mesh
structures 7 and 8 were not available and were not tested, their unit
weights being estimated.  It is believed that they would comply with the
dimensional stability and flexural recovery tests. 15
Tabl e 1 Mesh                       Mesh   Pitch   Strand Thickness struc
Material  Unit wt        mm         (mid-point) mm -ture
gm/[err]   Direc- Direc-  Direc- Direc- tion A tion B  tion A tion B 1
HDPE      38.2      6.0      6.0    0.25    0.24 2      HDPE      14.5
6.0      6.0    0.25    0.21 3    -PP         17.4      6.0      6.0
0.23   0.19 4      PP       40         4.3      5.1    0.39    0.20 5
PP         18.5      6.2      7.2    0.24    0.17 6      PP        15.4
3.3      3.5    0.07    0.17 7      PP        60       10.0    10.0      *
* 8     Poly-   150        20.0    20.0    1.2       1.2 ester *strand
width 0.3 mm.. strand height 2 mm, averaged for each direction.  



28 Table 2 Ratio   % Extension Mesh   Hook Break Load (Peak Load Kg) of Max
to Peak struc  A    B    C    D    E    F        to Min  Load -ture
Break Load 1    1.44 1.40 1.65 1.74 1.66 1.72  1.24:1          27 2    0.98
1.04 1.37 1.30 1.16 1.23  1.40:1          25 3    1.38 1.18 1.67 1.52 1.50
1.60  1.42:1          15 4   .1.47 1.88 1.50 1.29  -    -    1.46:1   55
35 5    1.26 1.53 0.87 1.34  -    -    1.76:1   66    25 6    0.59 0.51
0.38. 0.35  -    -    1.69:1   55    100 Table 3 Mesh     Distortion Load
Modified Structure  Ratio (to 50%       Distortion open area)         Load
Ratio (to 50% diagonal Dimension) 1       3.7:1             2.61:1 2
4.2:1             2.35:1 3        5.3:1             4.98:1 4        6.5:1 5
4.0:1 .6        6.5:1 



Figures 6a to 6c Figure 6a illustrates the variation of the average (top. 5
and bottom) CBR value of a Mid-Ross Sand with 9.3% w/w moisture content
(believed slightly above optimum), as the content of the mesh pieces (x).
is altered (the content is given as % w/w of dry sand).  Figure 6b shows
how the dry density of the mixture (y) in tonnes per 3 10  m  alters with
the w/w content of the mesh pieces (x);    29 the density initially rises
because the pieces occupy some of the void space.  The mesh pieces were 40
x 40 mm squares of mesh structure 4, above (as in Example 4 of Tables 4 and
5, below).   The mixture was compacted in 5  accordance with BS 5930-1981,
and the bearing strength was measured in accordance with the CBR standard
test. The maximum in Figure 6a is at about 0.65% (though it extends roughly
from 0.5%.to 0.7%) and that in Figure 6b is about 0.32%.  Thus the maximum
strength occurred at a lo proportion of pieces which was roughly double
that which gave maximum density.  The inclusion of the optimum amount of
the mesh pieces increased the CBR value to a value over eight times the
original value.  However i't may. be economical to reduce the inclusion of
mesh pieces 



15 - for instance the CBR'value is more than doubled at 0.1%.w/w, compared
to unstrengthened sand. Figure 6c shows the variation of stress or load
bearing 2 capacity (in KN/[err]) against strain s (expressed as movement.
in mm) when Mid-Ross Sand with 9.3% moisture 20 content, placed 170 mm deep
in a 500 mm long x 75 mm wide x 500 mm deep tank is compressed by a square
section 75 x 75 mm plate moving vertically downwards. Curve W is for sand
alone; curves X. Y and Z are as for curve W but with the top 37.5, 75 mm
and 150 mm 25 respectively replaced by sand mixed with 0.1% w/w mesh pieces
as for Figures 6a and 6b.    30 When the maximum load bearing capacity is
exceeded, sand moves sideways and heaves up around the plate.  It will be
seen that the incorporation of the mesh pieces not only increases the
maximum load bearing capacity, but 5  also causing it to occur at greater
strains. The graph also shows in dashed lines the reversion as the plate is
unloaded from the point of maximum load bearing capacity.  In the case of
sand alone (W) there is minimal recovery or elasticity.  In the case of the
10 strengthened sand (Z) there is significant recovery or 



elasticity. Tables 4 and 5 below give the data for the optimum CBR values,
using mesh structures 4 to 6 to strengthen a Mid-Ross Sand with 9.3% w/w
moisture content. 15                             Table 4 Ex   Mesh
Average       Average    content   Area in Struc-    size of        no of
%   w/w   [err] per ture       mesh         mesh                  [err] of
pieces       open-                   soil mm           ings 1     4
40 x 40        63         0.64        290 2              40 x 40        30
0.31         303 3     5         40 x 40       131          0.10         98
4     6          40 x 40      121         0.30         353    31 Table 5
CBR % Example Top.           Bottom 1             11.0            21.5 2
7.0              12.5 3              5.8               7.5 4
4.5             11.0 Though Table 4 refers to square-shaped pieces, they 



could be elongate.  Specifically, as an example for strengthening soil, the
pieces of Examples 1 to 4 could 5 have a length of 400 mm and a width of 40
mm. The following Examples are theoretical.  Some details. are collated in
Table 6 below. Example 5   (strengthening soil) Using the machine of Figure
8 below, a mass of soil 10(which could be from [err]  up to 5 x [err]) is
strengthened.  The soil was Mid-Ross Sand having a D85 3 value of 1.7mm and
a dry density of 2000 Kg/[err] (moisture content was 9.3% w/w). Examples 6
to 9 (strengthening soil) 15 Example 6 is as for Example 5, but a lower
proportion of mesh pieces is used.'. Examples 7 to 9 use a lighter mesh
structure (in this case the mesh structure 6 had a unit    32 .0).
(strengthening concrete) x 50 mm concrete slab was formed by mixing jonal
mixer a graded aggregate with a of 10 mm. sand, Portland cement and the
ample 8 in the proportions (dry weight) :6.7 (the pieces were 0.3% of the
total dry 



parts water were also added.  The slab be in a usable state even if it
contained a of cracks because of a large number of mesh :e the cracks.  It
would be possible to use pieces.  Though the mesh structure 8 was
at-setting is unnecessary for use in this Example (as also in Example l1),
the particles in the aggregate which are large to sand enable a normal mesh
structure to ever, it would be possible to use a deep ture as in Figure 4.
strengthened asphalt) .m particle size gap-graded aggregate was he pieces
in an asphalt mixing machine, and was mixed with asphalt at [err]  The
applied to a road surface as a wearing i thick (and at least 10 m long and
3 m    33 wide).  The asphalt would show less rutting in a wheel tracking
test than unstrengthened asphalt. Table 6 Mesh  Unit  Average  Average
Content  Area  Pieces struc  wt  size of  no of    % w/w    in    per [err]
Ex  -ture gm/2  mesh       mesh      (dry)    m2    (nearest 



pieces   openings            per   thousand) mm        per
[err] piece              mat- (cal-              rix culated) 5  7     60
45x45       16       0.2        67   33000 6  7     60    45x45       16
0.1        33   16000 7  6      15    40x40    121        0.1       136
85000 8  6     15    40x40    121         0.5       680  425000 9  6     15
100x100   809         0.1       136   14000 10  8    150    60x60        4
0.3        48   13000 11  8    150    6Ox60        4       0.5        77
21000 Figures 7 to 9 5  Figures 7 and 8 show two similar machines, and the
same references are used for the same or like parts.  Each machine is in
the form of a vehicle or trailer.  Each machine has running wheels 11 and a
compaction roller 12.  Each machine has a support 13 for an e.g. one metre
10 diameter roll 14 of mesh structure which can be for instance two metres
wide.  As the machine travels along, the mesh structure is hauled off by
haul-off rolls 15 is divided into strips (say up to fifty strips) by
longitudinal slitting knives 16 and is divided into 15 pieces 1 by a rotary
cutter 18 which co-operates with a    



34 ledger bar. 19 below inclined guides 20: as an alternative, the roll 14
could be pre-slit into ribbon-like long narrow strips, as shown in Figure
9, each strip having at least two complete mesh openings across its width.
The pieces 1 are guided down by a funnel 21.  As the pieces 1 could stick
in the funnel 21, a blower (not shown) may be incorporated to blow the
pieces 1 down the funnel 21. In the machine of Figure 7, there is a rotary
multiple 10 tine tool 22 for placing or pushing the pieces 1 in or into the
ground..  The individual tines are of different lengths and can have for
instance a tip cross-section of 15 x 15 to 35 x 35 mm, being smooth
truncated cones. There can be about five thousand tines on the tool 22. 15
In the machine of Figure 8, the means for placing the pieces 1 in the
ground is in the form of a rotary tool 23 for digging up the top layer of
soil.  There is a shroud 24 which guides the thrown up soil to the bottom
of the funnel 21, where the loose soil is mixed with the 20 pieces 1. Both
machines can be provided with side curtains 25 to reduce the possibility of
wind disturbance of the pieces    35 



The machines are towed (or pushed) in the direction of the arrow.  Once the
pieces 1 have been placed in the ground, the ground is compacted by the
roller 12.    36 Claims. 1.  A method of strengthening a particulate.
matrix. comprising randomly embedding in the matrix a large number of
generally flat pieces of flexible, open mesh 5  structure without creating
a substantial amount of extra void space in the matrix, each piece having
an area which is small relative to the size of the matrix, comprising more
than one complete mesh opening, having tenaceous junctions or
intersections, having high 10 flexural recovery, and having high
dimensional stability in its plane. .2.  The method of Claim 1, wherein the
mesh structure is an integral plastics material mesh structure comprising
molecularly-orientated strands. 15 3.  The method of Claim 1 or 2, wherein
the strands of the mesh structure are non-circular, having a greater
dimension at right angles to the plane of the piece than the dimension in
the plane of the piece. 4.  The method of any one of the preceding Claims,
20 wherein there are at least ten thousand of the pieces 



per cubic metre of. matrix.    37 5.  The method of any one of the
preceding Claims, wherein, as measured in the plane of the piece, the
tensile strength at break in any direction across the piece is not
substantially less than 50% of that in any 5  other direction across the
piece. 6.  The method of any one of the preceding Claims, wherein the
tensile force which, when applied across any diagonal of a mesh opening of
the piece, reduces the .area of the mesh opening by half, is equal to at
least 10 50% of the weight of the piece per square metre. 7.  The method of
any one of Claims 1 to 5, wherein the mesh openings of the pieces are
roughly square, and wherein the tensile force which, when applied across
any diagonal of a mesh opening of the piece, reduces the 15 opposite
diagonal dimension by half, is equal to at least 60% of the weight of the
piece per square metre. 8.  The method of any one of the preceding Claims,
wherein the pieces have a flexural recovery of at least 83% as determined
by the standardised flexural recovery 20 test set forth herein. 9.  The
method of any one of Claims 1 to 7. wherein the pieces have a 'flexural
recovery of at least 75% as 



determined by the standardised flexural recovery test set forth herein.
.    38 10. The method of any one of the preceding Claims, wherein each
piece contains not more than one thousand complete mesh openings. 11. The
method of any one of the preceding Claims, 5  wherein each piece is roughly
square. 12. The method of any one of the preceding Claims. wherein the
pieces have a size of about 20,000 mm  or less. 13. The method of any one
of the preceding Claims, 10 wherein the matrix is soil. 14.  The method of
Claim 13, wherein the pieces are about 2% or less of the matrix (dry
weight). 15. The method of Claim 13,wherein the pieces are about 1% or less
of the matrix (dry weight). 15 16. The method of any one of Claims 13 to 15
wherein the pieces are about 0.05% or more of the matrix (dry weight). 17.
The method of Claim 16, wherein the pieces are about 0.2% or more of the
matrix (dry weight).   



18. The method of any one of. Claims 1 to 12, wherein the matrix has a
hydrocarbon binder, .19. The method of any one of Claims 1 to 12, wherein
the matrix has a hydraulic or pozzolanic binder. 5  20. The method of Claim
18 or 19, wherein the pieces are about 5% or less of the matrix (dry
weight). 21. The method of Claim 20. wherein the pieces are about 1% or
less of the matrix (dry weight). 22. The method of any one of the preceding
Claims. 10 wherein the matrix is also strengthened by elongate members
which extend part way or substantially right through the matrix. 23. The
method of any one of the preceding Claims, and including the steps of
providing a plurality of long 15 narrow strips of open mesh.structure in
coaxial, side-by-side rolls, each mesh structure strip being flexible,
having tenaceous junctions or intersections, having high flexural recovery
and having high dimensional stability in its plane, and furnishing said .20
pieces by dividing the strips 24. A matrix which has been strengthened by
the method    40 of any one of the preceding Claims. 



25. A method of strengthening a matrix,substantially as herein described
with reference to, and as shown in, any one of Figures la, 1c to 5, 7 and 8
of the accompanying 5  drawings, or as herein described with reference to
any one of the mesh structures or Examples of Tables 1 to 6. 26. A
strengthened matrix, substantially as herein described with reference to,
and as shown in, any one of Figures la, lc to 5, 7 and 8 of the
accompanying 10 drawings, or a matrix which has been strengthened as
described with reference to any one of the mesh structures or Examples of
Tables 1 to..6. 27. A soil-strengthening machine arranged to move over soil
being strengthened, and having: 15  a support for mesh structure; means for
dividing the mesh structure into pieces each comprising more than one mesh
opening: and means for randomly placing the pieces in the soil. 28. The
machine of. Claim 27, wherein the mesh structure 20  support supports a
plurality of long narrow strips of    41 open mesh structure in coaxial,
side-by-side rolls each mesh structure strip being flexible, having
tenaceous junctions or intersections, having high flexural recovery and
having high dimensional stability in its 



5   plane. 29. A  soil-strengthening machine, substantially as herein
described with reference to, and as shown in, Figure 7 or Figure 8 of the
accompanying drawings. The text of the specification has been reproduced by
photocopying the applicants original typescript.The original typescript may
be inspected on  the premises ofthe patent office    


