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The use of geotextile in road building on soft soils
L'utilization des géotextiles dans les constructions routiéres sur sols mous

Commission on Geotextile of the USSR National Committee on Soil Mechanics and Foundation Engineering, Moscow, USSR (on
the basis of materials presented by: V.D.KAZARNOVSKY, Prot., MADI, Soyuzdomii, Moscow; A.G.POLUNOVSKY, V.I.RUVINSKY,
B.P.BRANTMAN, YU.V.PUDOV, Soyuzdornii, Moscow; N.V.TABAKOV, V.R. MAYER, Giprotumenneftegaz, Tumen; A.YA. TULAEV,
Prof., MADI, Moscow; B.P.BELOZEROV, Tchemigov Branch of Kiev P, Tchernigov; V..LKONIVETS, L.TL.GAYDA, VNIIMSV,
Tchernigov; YU.R.PERKOV, A.P.FOMIN, Giprodornii, Moscow; S.G.ZHORNYAK, PG.PESHKOV, A.A.TSERNANT, VNIITS,
Moscow; VM. TRIBUNSKY, TsNIIME, Moscow; L.M.TIMOFEEVA, Perm PI, Perm)

STYNOPSIS: The report deals with the use of geotextile interlayers as reinforcing elements in the
embankment foundation as well as for regulating the water-and-temperature regime and bearing oa-
paoity at the top of the subgrade bullt on soft solls. Data are given on investigating the durabi-
11ty of polycaproamide geotextileﬁ field data inoluded. Consideration 1s also given to proposals

e

on refining methods for testing t

geotextile strength, to experienoe of the applloation of geo-

textlile and similar interlayers in timber haul road struotures on soft solls as well as to the
use of geotextile in dralnage oourse struotures and for frost heave deformation oontrol.

1 MAIN TRENDS IN THE USE OF GEOTEXTILE IN CON-
STRUCTION OF HOADS OVER SOFT SOILS

With implementation of geotextlile into the pra-
otice of road bullding new possibilities have
arisen for decision of a number of problems
connected with construction of engineering
structures over soft soils. In application to
the road comstructlion these problems can be di-
vided into two types: those oonmeoted with bea-
ring capacity and deformation of the embank-
ment foundation and those connected with an im-
provment of the water-and-temperature regime

of the subgrade (in the case of soft solls the-
re are always conditions for subgrade overwet-
ting and frost heaving, eto.).

In the USSR appropriate methods of structu-
ral design with the use of geotextile interla-
yers are developed, regular observations on
the performance of these structures are oarr-
ied out and some preliminary conclusions on
their efficiency under various conditions are
obtained. The results obtained show that the
geotextile interlayers allow:

= to0 reduce the non-uniformity of settleme-
nts of the embankment foundations (this per-
mits to shorten the terms of comstruction of
road pavements on seotlions where the embank-
ments are bullt on deformable foundations);

i- to lower the non~uniformity of.frost hea-
ving;

- to improve the bearing capacity of structu-
res for temporary and acoess roads in the form
of thin-layered fills on weak foundation;

- to provide dralnage of the subgrade using
the geotextile interlayers as dralning and oa-
Plllary-interoepting layers;

- to increase the service life of road pave-
ments, etc. /1/.

However some problems remalned insufficient-
ly studied and their solution required long-
-term observations on real projeots.

2 DURABILITY OF GEOTBITILE

One of tendenoies in the production of geotex-
tile 18 towards its obtaining from polymer

melt,

In the USSR initially development of the te-
chnology and equipment for geotextile produo-
tion was oriented at polyoaproemide (PCA), the
most widely available polymer in this ocountry.
In connection with deficit in the original PCA
and a high cost of the latter a technological
prooess and equipment have been developed for
production of the geotextile from a secondary
polymer (regranulate) obtained from fiber was-—
te.

Sinoe a basio amount of the geotextile was
designated for road construotion in West Sibe-
ria, oharaoteristios of the materlals produced
were predetermined by structural solutions and
conditions of construotion and operation of
oil field roade: conventional strength
70-120 N/cm, rupture elongation 150-170%, wa-—
ter permeabllity 80 m/day, conventional modu-
lus of deformation 100 N/om, and conventional
modulus of elasticity 150 N/om.,

Por experimental sectioms trial lots of geo-
textiles of other oharaoteristios were also
produoed.

In the USSR, first road sections with the
use of polycaproamide geotextile materlals we-
re builg in oooperation with Giprodornii in
1975 on Mosoow-Gorky motorway. The polyoapro-
amide nonwoven materials were also used on a
number of road seotions built in the European
part of the USSR under the supervision of Gip-
rodornii,

In 19768-1979 experimental sections of earth
timber haul roads including struotural layers
of the polycaproamide geotextile were built in
the EKalinin and Novgorod regions. At the same
time temporary roads with the use of polycapro-
amide geotextile were constructed on swampy
areas and areas with a high underground water
level in the Leningrad region.

Sinoe 1980 in the BAM (Balkal-Amur Magistral)
reglon tests are oarried out of an embankment
structure laid over subsideous permafrost solls
with applioation of polycaproamide geotextile
in the subgrade foundation. However, a maln
proving ground where nonwoven fabrios of varil-
ous types are tested and implemented is the
0ll fields in West Siberia where about 6 milli-

1725



24/8

on sq.m. of the polycaproamide geotextile have
been used. The first road sectlon with polyoap-
roamide geotextlile 1n this region was built ne-
ar Samotlor in 1978 /4/.

To date the polyoaproamide geotextile has be-
en tested in varlous structures and under vari-
ous conditions: the embankment foundation over
swamp and mineral soft soils, ground sill, the
embankment body, and road pavement base cour-
ses /2/. Trial lot of the polycaproamige geo-
textile of surface density 700-800 g/m“ was
produced. However there 1s no common opinion
between specialists, especially in relatiomn to
durabllity of geotextile coming into contact
with peat and water in swamps. Laboratory stu-
dies allow to obtaln only a rough evaluation
of the durability but do not allow properly to
take into aooount complicated real conditlons.

Particularly when investigating in laborato-
ry the stabllity of polycaproamide geotextlle
in the aoild or alkall media at pH values appro-
aching the field ones, preference 1ls usually
given to strong mlneral aolds rather than orga-
nic ones. However in the soil, low-aotive hu-
mic aolds are prevalling., As Investigations
with the use of organic aclds carried out by
VNIINTM (Al1-Union Research Institute of Non-
-Woven Geotextile Materials) in 1976 shown,
physical-and-meohanioal properties of the poly-
oaproamide geotextlile subjected to the action
of hydroolorio aoid and alkaline medla with pH
from 2 to 5 and from 8 to 12,5 during 5 months
remalned at the level of those for original sam-
ples. Similar investigations in VEIINTK and
MI'I have shown that exposure of the material
to buffer hydrooloric-aoig media (pH values of
4-6, temperature 13 to 23°C) during a year
didn't impalr 1ts strength but with an increa-
se in the acidity of the medium up to pH value
of 2-3, all other things being equal, a 1.6
t0 3.7-f0ld reduction 1n strength was observed
as oompared with the strength of original sanm-
ple during the same period.

To evaluate an actual durability of geotex~
t1le it 1s also necessary to oonsider that un-
der oonditions of West Siberia, temperature in
road pavement sections with the geotgxtile n-
terlayer, as a rule, ranges from -10" to +5°C.
Temperature at whioh low mioroblologlioal aoti-
vity 1s stlll possible takes plaoce during 3
months, During the rest of the time microflora
is 1n the latent state and exchange processes
are halted. As investigatioms (in cooperation
with the Ukrainian Research Institute of Agri-
cultural Miorobiology) have shown, polycapro-
amlide geotextlle 18 to retain a suffiolent
strength and microbiological stabllity under
oonditions studied during at least 30 years.

It is taken into consideration that swamp wa-
ters 1n West Siberia do not oontaln agreesive
oations and anions, but oontain 1little amouts
of oalolum, magnesium and ferrous oatlons as
well as of 022, RCO,, 50;° anlons; low-aoti-
ve humic aolds are prevailing in the peat so-
11s and swamp waters. The acidlty of solls is
oharaoterized by pH values of 3,5-6.0, Data of
model tests have indicated that under the abo-
ve conditions indioes of the physical-and-me-
ohanical properties of the geotextile are to
be retailned during at least a 30 year perilod.

Along with the durabllity studies on models,
the geotextile specimens were regularly taken
from the road pavement structures under opera-
tion,
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As tests shown, after 9 years of service the
strength of geotextile was higher than a mini-
mum specified one (by 1.1-1.4 times) and the
rupture elongation reduced by 1,5-2,0 times.

Similar observations were carried ont by Gip-
rodornll on road sections in the oentral part
of the RSPSR, where the geotextile specimens we-
re taken periodically (every 1-3 years). A to-
tal perlod of observations on separate seotions
(7 sectlons in a whole) 1s 6-12 years. Each sec—
tlon consisted of a number of rumns differing in
the type of geotextlle and looatlon of the lat-—
ter in a road struoture. The use was made of
usually nonwoven, needle-punched geotextils
produced from poiyamide (PA), polyester (PE)
and polypropylene (PP) raw materials.

It is found that there 18 a sharp decrease in
the initial strength and further gradual stabi-
lization of a rate of thie decrease, and this
pattern  of the change in strength 1s most' clear-
ly seen in the oase of polyamide materials.
Strength Rt at time T may be determined by

formula

B,

ax Tb +1
where Bo = initial strength;

a,b - parameters depending on the type

of polymer (a= 0,09 and b= 0,5

for geotextile of PE and PP and

a= 0.4 and b= 1,0 for geotextile

of Pa).
Similar relationships for deformation characte-
ristios haven't been established due to a con-
slderable spread in data. However there is, as
a rule, a decrease in deformability.

3 ON EVALUATION OF THE GEOTEXTILE STRENGTH

In the textile industry strength oharacteris-
tlos are usually determined by the uniaxial
tenslon of speolmens with working area
100 x 50 mm in size. However the use of this
method for testling nonwoven geotextiles from
the staple fibers may introduoe large errors
in the determinatlion of design charamcteristics.

When testing standard specimens a oonsiderab-
le contraotion in the transverse direotion ta-
kes place before thelr rupture, Uniform distri-
bution of stresses and stralns along the len-~
gth and width of a speoimen 1s not provided,
and this results, as a rule, in the rupture of
the latter near {he 0lamps rather than in the
middle, In the process of tension along the
length of such specimens three zones are for-
med, whioh are characterized by different orie-
nta%ion of the fibers. While in the oentral zo-
ne the prooess of fiber orlentation along the
axis of tension 1s not disturbed, in the edge
zones this process 1s disturbed Gy the clamps
and the fiber orientation takes place at a cer-
tain angle to the axis of temsion. This expla-
ins why during the tests of standard strips
most ruptures ocour near the olamps in the ed-
ge zones, In the zone of speoimen rupture both
weak and strong seotions of the fabric may oo-
cur, and this results in a large scatter in da-
ta.

More rellable characterlstics of the materi-
als made of the staple fibers may be obtained
by increasing the width to length ratio. Using



available machines for the rupture tests it is
possible to test specimens 10 om wide. As the
test results for speoimens of the above width
and working length (1.e. the length between
the clamp:§ of 5-15 cm shown, the least soatt-—
er in data takes place at the working length
of 5 om. At tension of wider specimens more
uniform stress distribution is achleved throu-
gh the specimen width and their rupture, as a
rule, takes place in the middle between the
clamps.

Data obtained at the uniaxial tension of spe-
clmens were compared with the results of tes-
ting the same materlals by means of @& oiroular
tension device similar to that used in FRG. A
test method corresponded to DIN 54307-82,

As an index of geotextile tensility, an abso-
lute magnitude of speoimen deflention (but not
a relative ohange in the speoimen area) was ta—
ken, which seemed to be a more objeotive index.

This allows to establish a close correlation
between the results of uniaxial tension tests
of wide geotextile strips and those of oircu-
lar tension of speoimens: correlation ooeffi-
olents are 0.995 and 0.970 for rupture loading
and deformatlion indioes, respeotively, which
oonfirme that these tes£ methods are mutually
substitutive. However for the uniaxial tensile
tests of standard narrow speoimens similar re-
lation has not been found.

4 THE USE OF GEOTEXTILE IN CONSTRUCTION OF
TEMPORARY AND SPECIAL ROADS OVER SOFT SOILS

An expedienoy of the use of interlayers 1n the
form of woven and nonwoven synthetic materials,
grids and mats, waste synthetlo broadoloth and
mesh as well as glass-relnforoed bituminous pa-
per /3/ was oonsidered from two points of view:

- 1lnoreasing the quality and lowering the op-
eration cost of permanent roads;

- lowering the cost of temporary road buil-
ding.

Due to local deformations of geotextlle and
similar interlayers, whioh accompanied by the
stress redistribution, there oocurs lowering
in an unfavourable effect of the non-uniformi-
ty in strength of the subgrade soil, the non-
-uniformity of materials, and varia%ion in thi-
okness of road pavement layers. Thls enables
to reduoe expenditures on construction of the
timber haul roads through a deorease in the
road pavement thlclkmess, lowering the height
of an embankment, and using local solls lnste-
ad of imported materials. In the second case,
besides the above possibllities, the use 1s ma-
de of the geotextlle ability to take up loads
and transfer them to the adjacent soil areas,
which results in lowering the rut depth.

On the baslis of the laplacian law, general
equations of the elastlicity theory and some as-
sumptions a mathematical model has been develo-
ped, whioh permits to evaluate an influenoe of
geotextile on the strength of the road pave-~
ment structure taking into account thickness
of road pavement, modulus of deformation of the
road pavement material, modulus of soil defor-
mation, stamp diameter, load on the stamp, geo-
textile charaoteristics, diameter and dep%h of
a deformation basin of %he subsoil,

Stand tests by a stamp 34 om in diameter we-
re oarried out to check experimentally structu-
res including a 25 cm layer of preliminary oom-
pacted sand-gravels and an interlayer of glass-
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-reinforced bituminous paper laid over the sub-
soll, Tests were also conduoted on similar st-
ructures wlthout interlayers. The tests were
performed aocording to a generally used method
bug the stamp settlement was brought up to 10-
-12 om.

A relationship between an increase in stren-
gth of a struoture including glaes-reinforced
bituminous paper and a magnitude of deformati-
on (based on the results from five stand tests)
shows a satisfactory coincidence of theoreti-
cal and experimental data at a rut depth up to
6 om and later on an essential discrepancy
whioh is explalned by the faot that partial
ruptures of the mesh of glass-reinforced bitu-—
minous paper begin at a strain of 5-6 om with
a sharp lncrease with a further growth of defo-
rmations.

To verify the reliability of the above desi-
8n relationship, data were analysed on the oha-
nge in rut depth with a number of pasees of tim-
ber oarriers for the road pavement structures
30, 40 and 50 om in thiokness, with and without
geotextile /3/. The analysis has shown that
theoretical values of inorease in strength are
lower than corresponding experimental ones. Ho-
wever It 1s clearly enough seen an agreement 1in
general regularitles of the ohange in coeffi-
clents, espeoially in the case of the road pave-
ment 3 om thick.,

On the basis of these investigations specifi-
cations on the use of geotextiles for various
categorlies of timber haul roads as well as tho-
se on the design and comstruction of timber ha-
ul roads with geotextiles have been worked out.

The application of geotextile in the timber
haul road structures provides a 2-2.5 fold in-
orease in their quality indloes, strength and
service l1life., Even though the cost of road-buil-
ding materials is not reduoed, the construotion
cost lnoreases only by 2-6f at additional expen-
ses 2,0-2.5 thousand roubles for glass-reinfor-
ced bituminous paper and waste synthetlo broad-
oloth and mesh at 40-120 thousand roubles per
1 km of timber haul road.

5 THE USE OF GEOTEXTILE FOR REGULATING THE
WATER-AND-TEMPERATURE REGIME IN ROAD SUBGRA-
DES OVER SOPFT SOILS

To solve the problems of Improving the water-
—and-temperature regime in the upper part of
road subgrade under oircumstanoes when soft
overwetted solils are utilized and there are so-
urces of overwetting from below the geotextlle
is used for draining and frost-proteotive oou-
rses and some types of geotextile may funotion
as a capillary-intercepting interlayer /1/.

Similar successful experlence on the use of
geotextile in frost-protective courses lapping
the clay solls of increased molsture content
is gained in the railway comnstruction.

The protective course laid on the clay soll
surface may consist either of sand or of its
combination with nonwoven synthetio material
or nonwoven material placed direotly on the su-~
rface of baslo area under the ballast prism.
The thiokness of the draining soil oourse laild
over the geotextlile surface 1s taken according
to speclal speclfications on the design of ra-
ilway subgrades of olay solls with application
of the geotextile, The sand pad lald on the su-
rface of nonwoven material is speoified taking
into acoount the molsture content of clay soll
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at the liquid limit WL y the flow index IL
and the depth of freezing. At 'L 0.23 and
IL 0,25 the sand pad is not placed. At

0.23 WL 0.55, IL 0.5 and a depth of free-

zing up to 2,5 the pad thioknese 1s in the ran-
ge of 0,3 to 1.0 depending on values of the
above indloes, In the case of elther WL 0.55
or IL 0,5 the subgrade structure is designed
individually.

The thiocknmess of the protective layer of dra-
ining soll above the geotextile is oaloulated .
on the basis of a hypothesis proven experimenta-
1ly on the change in moisture regime of the
clay soll underlying the nonwoven material to-
wards a reduction of both a range of variation
in sol]l moisture content and an absolute humi-
dity. The latter results in an increase in sub-
grade strength and in a lowered frost heaving.

When calculating the protective layer, the
molsture content of clay soil is predicéed ta-
king into aocoount the change in its porosity
during swelling-shrinkage and freeze-thaw pro-
cesses for the most unfavourable combination,
On the basis of the ohange in the molsture oon-
tent of clay soll 1ts strength characteristics
and frost heaving indices are predicted as
well ae bearing capacity of the subgrade and
magnitude of frost heaving are determined,

Another important practical result of the ge-
otextile application 1s the possibility of sub-
stantlally wider utilisation of local solls,
undrained ones included, for bullding the sub-
grade structures. For instance, under conditio-
ns of the North of West Siberia the applicati-
on of subgrade structures including the geotex-
tile interlayers and envelopes has allowed to
provide a required reliability of a route at
subgrade construction on a round-the year-ba-
sis utilizing local silty sand and sandy loam
and maintaing the raplid pace of comstruotion.
An effiolency of the geotextlle application in
these reglons, as compared with other enginee-
ring solutions requiring the use of imported
draining solls, 1s assessed as follows: 10-20%
reduotion in the construotion cost, 18-36% of
labour saving and 30% of emergy saving,

In the field of rallway comstruction design
sohemes are under development which are based
on analytic and numerio methods applied in me-
chanics of contlnua.

The analytic methods are reduced to setting
up the equilibrium equatlons for lnteracting
structural elements - probable blocks of soil
displacement and geotextile interlayers or en-
velopes supporting these blooks. Thereby it is
taken into acoount the fact that either during
construotion process a soll is subjected to re-
lative deformations of 2-4% in magnitude cau-
sing the reinforcing elements to work or speoi~
al engineering measures are provided to oreate
a preliminary elongation up to 4-68.

Numerlo methods are implemented in a paokage
of applied programs whioh is based on the me-
thod of finite elements with the use of models
of the "flow" type of non-linear soll mecha-
nics.,

The application of the above programs makes
1t possible to establish speoifloations on the
properties of geotextiles utilized for soil
mass relnforoement as well as to determine ra-
tional sohemes for the plaoement of reinfor-
olng elements of specified characteristics in
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the earth structure.

Praotical applioation of the above method
for substantiating the sohemes of embankment
reinforcement for Surgut-Urengoy and Yagelnaya-
~Yamburg railway lines and subsequent observa-
tion the project behaviour proved the efficien-
cy of placing the geotextile in the form of
reinforcing sheets, olosed and semi—closed en-
velopes.

Investigations have shown that the geotexti-
le interlayers oan have a distinct effect on
the magnlitude of frost heaving, with lowering
the nonuniformity of the latter /1/. This al-
lows, if required, to reduoe the thickmess of
fros%-protective iayers as well as to utililze
more widely local soils of increased frost hea-
ving for subgrade construotion, To take into
account the effect of the geotextlile lnterlay-
er on the magnitude of frost heaving of the
subgrade foundation , appropriate design sche-
mes and methods are proposed. A methodlos sug-
gested by the Perm Polyteohmical Institute al-
lows to determine both deflection oaused by
the settlement and buckling resulting from the
frost heaving and thrust occuring in the pro-
cess of geotextile deformation. In the design
scheme Vinkler model 1s applied.

One of available measures of regulation of
the water-and temperature regime is dewatering
of the upper part of the subgrade by the use
of dralnage sand courses. Their thiokness hB

1s found by calculations. Local sands mostly
have a coefficient of filtration not more than
2.,0-2.5 m/day at demnsity equal to 1 according
to the standard method taken in the USSR. With
such sand quality, for imnstance for silty so-
118 on excessively moist road sections in the
central reglons of the European part of the
USSR, thickness hs is usually at least 0.5 m.

Due to difficulties of the ground right-of-
-way for pit worklng out, during recent years
the cost of sand increased at least 2,0-2,5 ti-
mes, and the haul distance now exceeds 20-25km.

In order to reduce a required truck fleet
the Moscow Highway Institute (MADI) has propo-
sed to increase a drainage capacity of dralmna-
ge layers by laylng down the geotextile on the
subgrade surface. The ooeffloient of longltudi-
nal filtration of the geotextile (in uncompre s-—
sed state) produced in this country is about
60 m/seo., The thiokness of geotextile underly-
ing the sand layer 1s reduced from 4 mm to 3mm
while the coefficlent of filtration 1s, in ave-
rage, decreased by 3%, 1.e. 1t 1s about
38.5 m/day.

On the basls of numerlo computer-alded solu-
tion of a two-dimensional problem using a fini-
te—element method appropriate nomograms have
been worked out for various conditions to dete-
rmine the thickmness of a dralnage course inclu-
ding the sand laid over the geotextile
(V.V.Borovikov, MADI).

Under most unfavourable conditions whioh, ac-
cording to the USSR current standard, are oha-
racterized, by unit excessive water
q = 10 1/m“/day, a total thiclmess of a draina-
ge sand course lald over the geotextile 1s re-
duoced by at least 25-40% as compared with that
for a dralnage layer without the geotextile.

In Mosoow on many streets and thoroughfares
drainage oourses with geotextile are placed
with a 20 cm average reduction in th%okness,
the total area being about 160,000 m“, This
also allows to reduce an earthwork volume as



well as to decrease the need in constructilon
transport by 30%,

Geotextlle 18 also used instead of filtrati-
on £11ling around both drain pipes and low dra-
inage, which results in a 2,0-2,5 -fold inorea~
se in productivity as compared with applicati-
on of multi-layered filtration £illing of high-
-gtrength frost-resistant erushed stone. Six-
-year observations carried out by MADI have
shown that frost heaving on sectlons with geo-
textile 18 less than that on seotions without
geotextile and does not exoeed an admissibdle
level. The coefficlent of filtratlion of geotex-
tile is many times higher than that of sand
and therefore a veloclty of water runoff from
the drainage course inoreases and more efficle-
nt dralning of the subgrade top 1s achleved.
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