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Experiments on the use of synthetic non·woven materials for road structures 

Experiences sur I'utilisation de non·tisse synthetique dans les ouvrages routiers 

RESUME On a d~crit les essais sur utilisation du non-tisse Bidim dans les ouvrages rout
iers, r~alis~s en 1975. On a construit trois planches d'essais: un remblais sur terrains 
marecageux, deux structures dans un d~blai humide inclu une planche avec Ie sol enveloppe 
par Ie mat~riau traite au bitume. Cet essai a pour but l'assurance de r~sistance et de 
stabilit~ de la chausse~ a l'utilisation du sol argileux local au lieu du sable d'apport 
et egalement l'amelioration de dimensionnement du sol de couche de forme du fait de l~li
mination de son decompactage au 00ur8 de 1 'exploitation des routes. D'apr~s les premiers 
resultats des observations sur la dens1t~ et la teneur en eau du sol, des performances des 
chauss~es etc. on a pu constater que l'emploi des non-tisses pour les buts pr~vus etait 
progressif. Toutefois, on ne peut tirer une conclusion d~finitive qu'apres les etudes ult~
rieures. 

In reoent years difficulties in delivery of 
imported soil and the neoessity in reducing 
the volume of earth works encounter more 
and more often in road construction. This 
faot conoerns both the imported soils for 
embankment construction and the imported 
sands and sandy gravels for draining and 
frost-resistant layers, bases and temporary 
road pavements. 

One way to reduce the volumes of imported 
soils needed is the use of non-woven synthe
tio materials. The latter are used: on sec
tions with bases of low bearing capaoity to 
provide the passage of vehicles; to prevent 
the granular materials and subsoil from mi
xing together; to prevent silting up the 
drainage structures and the frost-resistant 
and draining layers; and also as a toe-fil
ter in structures of slope reinforcement. 

Non-woven materials for road construction 
should have the following properties: ~echa
nioal tensile strength, sufficient permea
bility, oapab1l1ty to retain fine soil par
ticles, resistance to chemical and biologi
cal attack. 

One of the widely used materials meeting 
all these requirements is the non-woven 
synthetic material uBidlm" produced by the 
French company "Rhf>ne-poulenc-textilen~) It 
Was the very material that was used in ex
periments carried out by Soyuzdornii toge
ther with the company in 1975. 

The aim of the experiments was to study the 
effectiveness of using the non-woven mate
rial for embankment construction under dif
ficult soil and hydrological conditions. 

X}MM. Godar I. and Kurashova T., represen
tatives of the company, took part in this 
work. 
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For these experiments, some 10 000 m20f 
"Bidim", including the bitumen treated one 
(called "C oletanche NT "in this oase), and 
400 m of drainage pipes from PVC with fil
ters of "Bidim" were supplied by the French 
oompany. 

Grades "U-34" and "U-44" of the material 
3.4 and 4.4 mm il'. thickness and 300 and 
400 g/m2 in mass, respectively, were used 
in the experiments. Tensile strengths of 
the materials were from 10 to 22 kgf/cm2and 
relative elongations at rupture were from 
50 to 70 percent. Radial permeability was 
3· 103m/sec without load and from 4·104 to 
3·10-4 m/seo under loads of 1 and 2 kgf/cm~ 
respectivelyjnormal permeability was from 
5·10-4 to 4010-4 m/sec under the same loads. 

Permeability data show that the material 
has isotropic properties. The same may be 
said about the other characteristics. 

Water absorption was equal to 0.4~ at 6~ 
relative humidity and 25°C and to 0.6-0.~ 
at 10~ relative humidity and 25°C. 
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In trial tests "Coletanche" of 4 mm thick 
was used. It was made. of non-woven fabrio 
(about 300g/m2) penetrated with bitumen of 
grade SM 2 (4.5 kg/m2). This material has 
the following strength characteristics: Ul
timate tensile strength at 20°C is about 
r 

·25 kgf/cm, relative elongation at rupture 
is 4~, and resistance to penetration of a 
rod 6 mm in diameter is 80 kgf.Under normal 
pressure the seepage of water through the 
material is not observed. Only using speci
al instrumentation made it possible to mea
sure its permeability that Rroved to be less 
than 10-8m/day. 

"Coletanche" is practically impervious even 
at relative elongation up to 30-40%. It is 
not subjected rotting and is resistant to a 
number of chemicals, excluding hydrocarbons. 

During experiments three test sections were 
built: one was on a temporary road crossing 
the swamp and two others were on a motorway 
within wet cuts. The subgrade structures 
are shown in Fig. 1. 
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Fig.1 Subgrade and pavement structures with non-woven synthetic material: a - common struc
ture with a frost-resistant layer; b- structure with non-woven material reducing the 
non-uniformity of soil heaving; c - structure with a capillarybreaking layer from non-wo
ven material; d- structure with "soil in envelope" of bituminous treated material; 
e- structure on swamp with non-woven material in the subgrade bottom; f- structure on 
swamp with two layers of the material: 1- sand; 2- asbestos cement pipe;3- orushed stone; 

4- pipe of PVC; 5- non-woven material; 6- bitumen treated material; 7- loam 



Construction was completed on the section 
on swamp in 1975 and on other sections in 
1976. 

The first section 172 m long was laid on 
the swamp of type 1 according to the engi
neering classiffication of swamp types. As 
to the nat=e of groundwater recharge this 
peat bog was the upland one. Due to ext
remely dry Summer of 1975 the groucd water 
level in the swamp and the moist=e of peat 
somewhat decreased. The nat=a1 moisture of 
peat immediately before the embankment con
struction was 275 to 73~, the porosity was 
83-93*, the degree of decomposition was 9~ 
and the ash content Was 3D*. The relative 
settlement of the peat determined on data 
of compression tests under 0.2 kgf/cm2 was 
160 mm/m. The depth of the swamp mainly was 
1.5m reaching sometimes 1.8 m 

This section was a part of the access road 
to the sand-gravel quarry. On the test sec
tion as well as on the whole access road it 
was intended to construct an embankment 8m 
wide from sand gravel in order it can with
stand traffic without any additional 
strengthening its upper part or laying a 
pavement. The test section was divided int~ 
six lengths aocording to the type of embank
ment structure:embankment 30 cm high with 
the material of grade U-34 in the bottom, 
20 m in length; the same with the material 
U-44, 70 m in length; embankment 80 cm high 
with the material U-34 in the bottom, 32 m 
in length; the same with U-44, 20 m in 
length; embankment 80 cm high ( with re
serve for settlement) ino1uding two layers 
of U-34 ( one in the bottom and another at 
30 cm distance from the bottom ), 20 min 
length; the same with U-44, 20 m in length. 
The last two structures were in the middle 

of the section within the largest depth 
and highest moisture of peat. An excess of 
the embankment height was made to provide 

the reserve for peat settlement. In the 
case of the first two structures the depth 
of swamp was 0.5 to 1.2 m 

For embankment oonstruction a sand gravel 

with 3D* gravel and about 99* of partioles 
larger than 0.1 mm was employed. The mate
rial has a fineness modulus of 2.52, filt
ration coeffioient of 2.5 m/ day, total 
oontent of si1t-01ay particles not less 
than 1*, maximum density at standard com
paction 1.88 g/om3 , and optimum moisture 
10.~. 

Reoently upon oomp1etion, the access road 
was opened to heavy traffic with passage 
150-200 trucks of the types "KrAZ" and MAZ" 
daily. 

In aooordanoe with a technology of the em
bankment oonstruction the provision was 
made for removal of trees from a outting, 
laying and stitching "Bidim" and its cove
ring with sand gravel course of proper 
thickness. 

"Bidim" was delivered on the site in rolls 
5.2 m wide and 300 m long. Two sheets of 
"Bidim" were spread through the width of 
the embankment. Unrolling the sheets Was 
performed manually, one sheet upon another, 
then the sheets were stitched together 
along one edge by longitudinal stitch and 
unfolded. Stitching was performed by means 
of portable sewing machine "Union Speoia1" 
produced in FRG. A double ohain stitch was 
used for this operation. The rate of sew
ing was 7-8 lin. m per minute. 

The ucrol11ng and stitching the sheets 
were performed by a orew of 4-5 operators. 

On test sections in a wet out the teohno1o
gy of laying the material was the same as 
above. The difference was in larger width 
of laying the material. 

The sheet spread was oovered with sand 
gravel. The sand gravel was delivered by 
dump trucks and leveled by a bulldozer. 
The depth of sand-gravel course was main
tained within the range of 30 cm in com
pacted state. Compaction was performed 
by a self-propelled pneumatic-tired roller 
D-551 weightening 40 tons, wheel pressure 
being 4.25 kg/cm2• 
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It should be noted that bursts of the mate
rial 1.5-2 m in length with peat bulging 
took plaoe during oompaotion of the first· 
layer at pioket 2+53 along the axis of the 
road and at pioket 2+86 at 2 m distanoe 
from the right edge.The bursted areas were 
oleaned from sand and peat, oovered with 
the fabrio with overlaps and then filled up 
again. 

After filling-up and oompaotion of the first 
layer of sand gravel the seoond fill-up 
layer was laid by the same teohnology. On 
seotions with two layers of "Bidim" eaoh of 
them was separated by a fill-up layer. 
Observations on test seotions have shown:the 
embankment quiokly gained stability and good 
oompaotness Under the aotion of traffio. The 
test seotion has a negligible tendenoy to 
rutting as oompared with adjaoent seotions 
of the acoess road.Any significant differen
oes between sections with U-34 and U-44 were 
not found. On the adjacent sections where 
the natural base was of overwetted clayey 
partially peaty soil the embankment was oom
paoted worse and deep ruts appeared; traffio 
conditions were unfavourable. 

Pit sampling through the full depth of the 
embankment has shown that fine peat partio
les do not penetrate the fill-up soil. Peat· 
under the embankment consolidated and had a 
settlement of 30 cm.As the results of vane 
tests have shown the strength of peat be
neath the embankment was Coond .= 0.4 kgf/cm~ 
The moisture oontent dropped from 275 ~ to 
209 ~. 

A year after "Bidim" had been plaoed, dU
ring pit sampling the speoimens of the ma
terial were cut from sheets and subjected 
to uniaxial tensile test. It was found that 
neither strength and· deformability nor the 
appearence of "Bidim" had ohanged. Further 
observations on the section will permit the 
changes of bearing capacity, density and 
dynamiC behaviour of the embankment with 
"Bidim" to be characterised more oompletely. 

In wet cut two structures with "Bidim" ( "b" 

and "CO ) were laid. The aim of the experi
ment is to reduce thickness of frost-resis
tant layer. To solve this problem a study 
is made of the possibility of using "Bidim" 
both for leveling the v Bl"iabili ty of pave
ment frost heave ( type "bIt in Fig.) and as 
a capillBl"ybreaking layer ( type "c" in 
Fig.). It is supposed that "Bidim" will al
so divert a free water to drainage struotu
re with pipes (d=150 mm ) of PVC. Accor
ding to the aims of the study in the struo
ture of type "b" "Bidim" was laid on the 
depth of 0.8 m immedeately beneath a sand 
underlayer of the road pavement whereas in 
the type "c" it was laid on the depth of 
1.2 m from the pavement surface and oovered 
with olayey ( light loam) soil.For the 
type "b" the non-woven material of grade 
U-34 was used; it was laid in one layer on 
a half of the seotion (total length of the 
seotion is 50 m ) and in two layers on ano
ther half. In the struoture of type "c" the 
material of grades "U-34" and "U-44" was 
laid in three layers on two seotions 30 m 
long, respeotively. To determine the effeo
tiveness of "Bidim" a structure meeting the 
existing design standards was oonstructed 
in the same out ( type "a" in Fig. ). 

A road pavement on the sections of test 
structures and of referenoe one was as fol
lows: the upper pavement layer of sand as
phalt 4-6 cm thick, the lower pavement lay
er of ooarse asphalt oonorete 5-9 cm thick, 
the base oourse of coated maoadam 8 om 
thiok, the subbase of oement and slag sta
bilized soil 20 om thiok, the subgrade of 
sand 0-40 em thick on seotions with "Bidim" 
and that 80-90 am thick on a seotion with
out "Bidim". 

The results of soil tests have shown that 
"Bidim" is supported on heavy loam inter

bedded with watersaturated sand and morainic 
sandy loam. Stable groundwater level was 
marked on a depth of 1.3 m from the pave
ment surface. 

Apart from the aim pointed above the effi
oiency of drainage pipes of PVC with fil-



ters from "Bidim" laid below trenches is 
stUdied. 

In another wet cut on the same road a 
structure "soil in envelope" ( type "dO ) 
with "Coletanohe" was built. The length of 
this test section is 62 m. 

The aim of this experiment is, first, to 
provide the strength and frost-resistance 
of road pavement using local clay soils 
instead of imported sand for sub grade con
struction and, second, to reduce a requi
red thickness of a pavement by limiting the 
the losses of density inthe prooess of road 
service. To solve this problem study is 
made of using the "Bidim" treated with bi
tumen for a structure "soil in envelope". 

In this structure the soil under a oarri
ageway to a depth of 1 m from the bottom 
of the pavement is isolated by the materi
al "Coletanche" from all the sides. The 
sub grade was constructed from heavy loam 
at 1-2 ~ optimum moisture content. 

A road pavement on this test section is as 
follows: the upper pavement layer of fine 
asphalt oonorete of the type "A" 3.5 cm 
thiok, the lower pavement layer of Coarse 
asphalt concrete 5 cm thick, the basecourse 
of coated macadam 8 cm thiok, the subbase 
of cement stabilized soil 20 cm in thick
ness, the sand underlayer 5 to 10 cm thick 
on the section with "soil in envelope" and 
that 80 to 100 om thick on the reference 
section. 

The rolls of "Coletanohe" ( sheets 4.3 m 
wide and 70 m long ) were also unrolled 
manuallY,however the sheets were not 
stitohed but gas welded. To determine the 
effectiveness of using the non-woven syn
thetic material for reduotion of frost-re
sistant layer thiokness the following is 
kept under observation:traffio oomposition; 
deformations of pavement surfaoe; density 
and moisture content of subgrade soil; tem
perature regime of road pavement and sub
rade. 

Observations on pavement deformations in
clude: leveling at 2 m intervals and measu
ring the irregularities 3 to 4 long on each 
traffio lane with straight edge of the 
types PKR-4 and PKR-6U as well as measuring 
the cross fall at 2 m intervals using a 
straight edge of the type PKR-3. 

Observations on density and moisture con
tent of the subgrade soil are carried out 
through the use of internal gamma densimeter 
( ITP-2 ) and neutron moisture indicator 
( NIV-2 ). During the autumn of 1975 bore 
holes for radioisotope measurements were 
drilled and equipped on the test and refe
rence sections. At the same time measure
ments of density and moisture content of 
soils were performed with n3 m increments 
from the bottom of road pavement down to 
2 m depth from its top. 

A study of thermal regime of pavement struc
tures is conducted by the method of hydrau
lic analogies using a calculator ( hydrau
lic integrator of V. S. Lukiyanov's system) 
which is an analog device permitting nume
rical solution of the problems of unsteady 
process of heat transfer. This design me
thod is based upon a principle of strict 
mathematical analogy between changes in wa
ter levels in the integrator tubes and 
those of the function in question. Thereby 
a space is considered 1n acoordanoe with 
the finite differenoe method. The air tem
perature values in the region of test sec
tions are accepted as boundary conditions. 

Alongside with the observations on test sec
tions, the study of effectiveness of using 
"Bidim" in road construotion includes labo
ratory tests. In particular, a possibility 
of the use of "Bidim" for frost-heave pro
tection is oonsidered. Tests are oonducted 
in an installation ( 1.2 x 2.7 m in plan 
and 1.0 m 1n height) containing soils with 
different susoeptibility to frost heaving. 
The installation is put in a freezing cham
ber. Frost penetrates in the soil from the 
top ( the soil has thermo-insulation ). 
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Tests are carried out with water inflow the 
level of whioh is regulated. The installa
tion operates in oomplex with soil tempera
ture reoorder "KSP-4".Meas.urements of pave
ment deformations on sections with "Bidim" 
and without it are performed during the test. 

Beside the observations. stated above, in 
1977 it is planned to oonduct measurements 
of pavement strength, state of drain pipes 
of PVC, settlement of an embankment on the 
swamp eto. 

~1rst results of observations on the test 
seotions carried out in 1976 as well as the 
results of laboratory tests are indioative 
of the perspeotivity of using non-woven ma
terials to reduce the earthwork volume but 
any final conolusions may be drawn only af
ter further observations. 


