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}. ABSTRACT

This paper investigates the behaviour of geogrids (as geotextile related
materials) at exposure, storage and burial in soil in a hot dry climate.
Kuwait was chosen as it experiences a wide range of annual temperature
throughout the year, with air temperature rising to 45°C in summer and
dropping to 0°C in winter. It also has an extremely high UV radiation
level with long hours of uninterrupted sunshine on most of the days of
the years. Two geogrids presently used for reinforcement and soil
retainning wall applications in Kuwait, were fully exposed, stored out of
sunlight and buried in soil at the depth of 0.5 m and 1.5 m. The two
geogrids were an high density polyethelen (HDPE) uniaxial grid and a
polypropylene(PP) biaxial grid.

The samples of the material provided by the manufacturers were tested
on delivery, then after sustaining exposure, storage and burial in soil for
3, 6 and 12 months. The tests carried were constant rate tensile test
and wide width sustained load (creep) test with a loading period up to
1,000 hours. These results revealed some remarkably different responses
from the two products.
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2, INTRODUCTION AND HISTORY OF USE OF GEOGRIDS.
Geotextiles and related materials are permeable textile material (usually
synthetic) used with soil or rock to enhance the performance or to reduce
the costof man-made products structuree. Geotextiles are often classified
as "Woven or Non-woven"[3]. However, there is another group of materials
which are used called geotextile related materials. These include "“Grids",
"Nets”, "Meshes"” and "Composites”. They are not made by traditional
methods but by means of new innovative processes{2). It has been a
common practice for many centuries to reinforce iarge earth structures with
bundles or woven mats of reeds, rushes or bamboo.Bamboo fascines are
still used in embankment construction in South East Asia. Natural fabric
(cotton) was used to reinforce roads where results showed a reduction in
cracking and localized road failures. The first adoption of synthetic woven
geotextile was by Agerschou {1961), in coastal protection works [1].
Barrett (1966) reported that geosynthetics were first used in connection
with erosion control applications and as an alternative for granular soil.
From 1968,the American Federal Highway Administration monitored many
pavement overlay repair schemes where geotextiies and geogrids were
installed to control reflective cracking in the asphalt surfacing.

Only now with the recent development of geogrids and new installation
methods does the use of pavement reinforcement look justifiabte[2].
Geonets and meshes started to become established around 1968 when the
Japanese used polyethyiene nets exported fram Britain by Netlon Ltd as a
mean of alleviating the damage caused to embankments by seismic activity
and heavy rainfall. Moreover geogrids were used to reduce the risk of base
failures for embankments constructed over weak soil and increase stability.
McGown and Ozelton {1973) identified the three functions of* Separation®,
“Filtration”and”Reinforcement” for geotextiles and related materials ,while
Leflaive and Puig (1974) added “Drainage” as a fourth function(7].
Moreover, McGown, Andrawes and others have run a programme from the
1970's to the present at Strathclyde University to develop testing
techniques for geotextile$ and related material. The objective of "this

programme not only included the development of rapid easy tests 1o



Mansoura Engineering Journdal (MEJ) Vol.20,No.1.March,1995. c.3

perform, so called "Index Tests”, it aiso included tests which could be used
to obtain data for use in analytical design techniques, so called
“Performance Tests"[10]. Differem geosyn&hetic materials were conside.red
in this programme including Tensar geogrids{SR80,551,552 and AR1){11)

3. Manufacturing,Properties.and Functions of Synthetic Geogrids.

3.1 manufacturing of Polymer grids

Polymer grids are manufacturad from polymer sheets using the production
sequence shown in Fig.1a. The first stage invotves precise punching of a
reqular pattern ot holes into the sheet{11]. This is followed by carefully
controlled stretching of the sheet in one direction while it is gently heated.
The action of stretching thewsheet aligns the long chain molecules of the
polymer in the direction of stretch, giving the grid a high tensile stiffness
in this direction. If no further processing is carried out s the greatest
strength properties lie in this direction. This type of grid is named
"Uniaxial Grid”, Fig.1b. Another form ot grid may be produced by
.incorporating a second streiching stage when the uniaxial grid is pulled in
the transverse direction to give a "Biaxial Grid™ with square aperture
shapes, Fig.1c. In this case the term “biaxial™ means that both the
stretched ribs are aligned in two directons.

Subsequent to the development of“true” grids, “Welded Strip Grids” have
appeared. These consist of two se’s of geotextile strips intersect at 90°C
and are heat welded. In this grid, the stretching of the polymer’s molecule
chains is carried out during extrusion of the filaments that are used for the
core material. In this manner it is possible to use polymers with superior
creep and tensile properties, as well as achieving a greater degree of

polymer alignment within the prime strength directions(7],[21].(5].

3.2. Geagrids Propertes

Short term tensile load deformaton and long tesrm sustained loading (Creep)
praperties are the main properties uffecting the behaviour of geogridsi4).
3.2.1 Tensile load-deformaton properties

Axial tensile tests performed under constant rate measured in Kn/m giva an
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indication of tha tensile strength and the axial strain at rupture, These
values are greatly affected by strain rate and temperature since all polymers
are visco-elastic materials. For geogrids, the valuas of breaking load should
ba viewed in the context that ail polymer prqgucts exhibit time-dependent
behaviour which is a function of the stress level and temperature. The test
is performed according to British Standard BS 6906 {Part f) using 3 ribs for

uniaxial geogrids and 5 ribs for biaxial geogrids.

3.2.2 Sustained load-deformation properties(41,[101.{11]:

Although the results of short term constant rate of strain tensile tests give
reasonable assessment of rupture strength and strain which might be used
to tow-risk reinforcing applications such as unpaved roads, . they give
lite indication of how rupture joads or stains change with time. The latter
information i-; very important for the design of reinforced structures such
as steep sided embankments or vertical faced reinforced wall. Creep test
is always performed on a number of samples, each sample loaded with
ditferent value {usually a percentage of the maximum load obtained from
the short term tensile load test).All samples are loaded for long times up to
1.000 hours and strain reading is taken avery 5 seconds in the first 2 hours
and every 2 hours for the following 24 hours and then daily. Plots of %
strain versus time and Isochronous Curves {Load-strain values are 1, 10,

100 and 1000 hours) are obtained.

3.3. Functions of Geogrids[3],[51.[81:

Geogrids always perform at least one of the basic functions:

a) Reinforcement; or/and b) Erosion control.

a) Reinforcement

Geogrids reinforcement improve the strength of a soil in three different

ways. 1)Membrane reinforcement when a vertical load is applied to a
geosynthetic on a deformabie soil;
* Shear reinforcement when geosynthetic placed on a soil loaded in

a normal direction and then the two materials are sheared.

* Anchorage reinforcement when a tensile force develops and
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prevents it3 pulfing out of the soil.

b) Erosion control

A geotextile or related material, placed on a slope, functions as an erosion
control mat‘when it restric'ts movements and pfevents‘dispersion of soil
particles subjected to erosion actions of rain or wind, often whiie

vegetation, which will eventually perform this function, is growing.

4 TEST SITE, MATERIALS,AND TESTING PROGRAMME

4.1 TEST SITE

Test site is located in kuwait mainland with the following properties:

a)Soil types: The soil profiles show that:

(i) The soil on the site is mostly yellow, fine to medium sand.

{ii} A little silt is present at a d&p®W of 2 m.

{iii}  Free silt particles are present anly near the surface.

b} Particle size distribution: Particle size distribution test resuits show:

(i) All samples contained particles passing BS Sieve No 4 {4.76 mm)
and the percentage passing BS Sieva No 200 (0.074 mm) does not
excead 5% in any case.

{iiy  Tha coefficient of uniformity (C,) ranges between 1.8 and 2.5 which
means that the soil is poorly graded.

c) Water table and water content: No avidence of a water table was
found down 10 a depth of 4 m. The water content increasad with
‘ncreasing Jeoth, ranging ‘rom iess than 2 per cent at 1 Jepth af
0 2% m 0 ustaver 12 perzentaz ¥ 3 m,

d) Soil consistency: The soil was found to be non-plastic. Liguid limit
value ranged between 17.3% and no plastic limit(NP soil)

e} CBR values: CBR values measured at the optimum dry density and
were found to be in the range of 3.5 to 5%.

) Soil Chemistry: Chemical analysis of soil showed that

{i} Chloride content ‘C1’, ranging between §.007 and 0.176%.

{ii) Sulphate content as SO, content, ranges between 1.0 and 4.1%.
The amaunt of S0, ranges between 0.9 and 1.47%.

tiiiy  Organic martzer content ranges hatween 9.003 and 0.056%.
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4.2 Types of Geogrids [11]:

Two geogrids (Tensar SS1 biaxial, and Tensar SR80 uniaxial geagrid) were

| selected. The main reason for choosing these particular materials is that
%hey represent the range of®materials widely in use and Iso tHWse they

represent different physical structures and polymer.

‘ The polymer type used to manufacture the uniaxial geogrid is high density

| polyethylene(HDPE) and long term protection from uitra viclet attack is

‘ provided. The biaxial geogrid is manufactured from polypropylene(PP)and

' protected from ultraviolet degradation. Specifications are shown in fig{1).

4.3 Site Testing Programme
Samples were cut into a series of lengths sufficient to obtain all the
required test specimens for each situation to be tested. The size of the

samples were 1.0 m in the machine direction of the roll of 4.0 m in the

cross machine direction. The numbersof samples were as foilows:

a) One sample of each type of material was tested immediately to
abtain the basic "Control” set of data.

‘ b) Four samples aof each type were left open to all weathering

conditions at the site, including direct sunlight. These samples were

| called "Exposed” and samples removed for testing after 3, 6 and 12

months. The same test procedures were applied to test these

Ii samples as were used for the Control samples.

‘

f= c) Four samples of each type of material were subjected to all
weathering conditions except direct sunlight. These samples were
called "Storage”.

d} Four samples of each type of material embedded in sail at the depth

of 0.5 m from ground levei.

e) four samples of aach type were embedded in soil at the depth of 1.5
m from ground level.
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4.4 taboratory Testing Programme
a) Tensile test apparatus and procedure
- The principle.of the test procedur Jas was to grip a test specimen across
its entire width in a tensile testing machine which operated at a specitied
rate of strain and to apply a tensile force to the test specimen until it
ruptures.
Tha test specimens wera mounted centrally in the jaws (where the distance
between the jaws was determined as 315 mm for the uniaxial grid and 200
mm for the biaxial grid). For the geogrids, special clamps were used. The
top and bottom bars of the uniaxial grid test specimen were heid directly
by them, while for the biaxial grid a special technique of alloy casting was
« applied. After setting the machinel to a rate of strain of 10 per cent per .
minute, the machine was started. The test was continued until the
breaking point of the specimen. The failure mode of the specimen was
noted. The test data were recorded as follows:
a} The maximum load for each material was measured after sustaining
the different conditions and compared to the cantrol data.
b) The strain at maximum load for each material after sustaining the
different conditions were compared to the control test data.
c) The breaking load f~r each material after sustaining the different
conditions were compar.d to the control sample test data.
d) The strain at breaking load for sach material after sustaining the

different conditions.

biSustained Loading Test (Creep Test)[101,{11]:

Geotextiles and related materials generally exhibit visco-elasto/plastic
benaviour. ‘Whera performance Jata are to amplcyedin fundamentai anaivrical
designs of reinforced soil structures, long term load-sirain-temperature data,
aften termed the “creep” test is used(4]. The clamps and the cfamping
technique must be designed to ansure that no slippage of the materiai ocgurs
during load applicatian, that no stress concentration accurs at any point aicng

the ciamp adge and thac no change 'n gnysical or cremical sraperies casurs
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due to clamping[11). The dead loads used were lead bars chosen for the
advantages of low cost and high density. Two LVDT's were used to monitor
the displacement.s. A programmable data logger capabée of plotting cuwrves of

strain versus time automatically was used.

S.TEST RESULTS AND DISCUSSION
a) Constant Rate of Strain Tensile Test Results:

This test was conducted on geogrids in accordance with BS 6306 part 1.

1. Effects on the average maximum load of geogrids.
A comparison of the behaviour of average maximum load of geogrids over

the period of 12 months based on the control value are summarized in
Table (1). From results shown in the table, it is concluded that for uniaxial
grids there is a small increase in the force while there is no significant

change in the biaxial grid.

2. Effects on strain at maximum load of geogrids

A comparison of the perfcrmance of the strain at maximum load of
geogrids over the period of 12 months based on the control value are be
summarized in Table (2). From results shown in the table, it is concluded

that no remarkable changes on geogrids were observed.

3. EHects on the average break load of geogrids

A comparison of the performance of the average break load of geogrids
over the period of 12 months based on the control value are summerized
in Table (3). The resuits show that the affects on the average breaking load

on geogrids undergo the same effect as the average maximum load.

4. Efects on strain at break load of geogrids
A comgparison of the behaviour of the strain at break load of geogrids over

the period of 12 months based on the control value are in Table (4).
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From the above data, it is concluded that there is a very small

reduction in the strength of the product which was buried at the depth of

1 5 and 0.5 m for a perlod ranging upto one year for und:stnbuted soil

exposure

But, statistically |t is not a significant deterioration in strength

if it is compared to the exposed and storage deterioration. At the same

time there is some decrease in the displacement of the material.

b}

3)

Creep Test Resuits

Samples of creep resuits for all types are shown in fig(2) to fig(4):

(i

{ii}

The biaxial geogrid has a large creep especially suspended by
high loads for long terms. But, for short terms it has a rapid and
useful stress/strain response curva making it ideal-for a soil
reinforcement. This behaviour is due to the oriented
polypropylene which shows after time and high loads entirely
rupture of macrochains and subsequent molecular regrouping and
the "Pulling out™ of chains from crystallites. The uniaxial
geogrids show a good resistance to creep because of the good
properties of high density polyethylene.

There was no significant change in the behaviour of uniaxiai grid
on short or long terms in exposed, storage or buried conditions.
No change was observed in the hiaxial on short term under all
conditions on 10%, 20% and 40%, but a lot of samples of 60%

were broken.

Isochronous Curves(2].[10}):

The Isochronous curve . is the relationship between load per unitlength
of a geosynthetic and the carresponding strain value at a specific time
of loading. Fig(5) and Fig(6) show samples:

{a)The load limit for linear viscoelastic range;and

(b)The maximum possible load to be used for any specific time interval.
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i)

(1)

(2)

{3)

(4}

(5)

ii)

(1

CONCLUSIONS AND RECOMMENDATIONS

Biaxial Grid

The resuits of testing Netlon SS41 biaxial grids showed that load-strains
curves are quite similar in shape for all loading times and method and
duration of storing. Moreover, the following comments are recorded:
Ltong term loading resulted in great increase of strain values. For
instance, for control samples strain after 109 hours loading time was
14% while after 1,000 hours loading time it reached to 61%. The
same is applicable to sample buried at 0.5 m in soil for 3 months.
Maximum load at the same strain has decreased under all duration and
condition of storing than that of the control conditions. For examples
at 10% straln maximum loads were as following:

For samples buried 1.5 m in sail there was no change at all in respect
of duration of burying. The three curves of load-strain curves for 3,
6 and 12 months of burying samples at that depth are quite identical
for all loading times.

It seems that duration of exposing samples has no significant effect
on SS1 samples. toad strain curves for samples exposed to all
weather conditions are actually the same irrespective of duration.
Similarly duration of storing samples subjected to alli weather
conditions except direct sunlight, has no effect on the load-strain
curve. The three samples loaded at 60% of maximum load (7.8
KN/m) which were stored for 3, 6 and 12 months were broken down
w.hile the three samples loaded for 100 hours hase the same strain

(approx. 20%) at maximum load.

Uni-axiat Grid

Load-strain curves for uniaxial SR80, manufactured by Netlon
Company, UK, showed regular performance under all storing conditions
and duration. The following resuits are drawn:-

Neither the staring condition nor the storing duration has significant
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(2)

(3)

(4)

effect on load-strain curves for short and medium term loading. The
maximum variability in strain values at maximum load is in the range
+ 1% at loading timas 1, 10 and 100 haurs for load 10%. 20% and
40% of the-maximum load.

Faur cases of failure at strain ranges between 5 and 6% where
maximum load reached 28 KN/m. It means that this value should be
considered for safs design.

Load Strain curves of ditferent loading times are very close to each
other for each case and duration of loading. For instance atload of 26
KN/m, strains for 1, 10, 100 and 1000 hours are ranging from 4% to
5.5% for all durations and conditions of storing. Range of strain

. Vvalues Is reduced at lower loads.

Result showed excellent performance at all weather conditions over
the whole period of axposure on Short and Long terms or under high
loads.
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