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THE USE OF GEOTEXTILE AGAINST SETTLEMENT OF SOFT CLAY UNDER CYCLIC LOADING 

l:EMPLOI OE GEOTEXTILES CONTRE LE TASSEMENT DES ARGILES MOLLES SOUS CHARGE CYCLIQUE 

DER EINSATZ VON GEOTEXTILIEN ZUR VERMEIDUNG VON SETZUNGEN IN WEICHEM TON 
UNTER ZYKLISCHER BELASTUNG 

A nI/mber of 10w embankment highways and rai1~/ays have 
recently been constructed on soft cl ay grounds in Japao. 
This type of embankment frequent ly suffers from the han:1-
ful differential settlement and rutting and the pumping 
of mud for subgrades which are induced by traffic loads. 
The sn~ll-scaled model tests were conducted at the 
laboratory in order to find a design method of unpaved 
and paved roads on soft foundations reinforeed with the 
geotexti1es and to provide a basis for the selection of 
a compatible embankment geometry and reinforeement lay­
out. According to the results of model tests for adapta­
tion of the several kinds of geotextiles, it was proved 
that applieation of a geogrid is most preferable for con­
trolling the differential settlement of the fill on soft 
grounds under eyelie loading. This may be aseribed to 
the high rigidity of the geogrid and eminently frietion­
al res i stanee force exerted beb/een geogri d and soi 1 s. 

INTRODUCTION 

Soft e1ay subgrades under cyel ie l oading sometimes 
exhibi t the predominant deflection leading to the hann­
fu1 differential settlement of pavement and the pumping 
of mud at subgrades. Genera ll y speaking, clay subgrades 
subjected to cyelic loading including I·/ave and I·,ind 
actions is so complex that its mechanism has not been 
clarified yet. As one of the promising eountermeasures 
against cyelie loadin!) of elays, adaptation of the geo­
textiles has been proposed (1, 2 & 3). However, rein­
foroement by a geomesh has not suceeded in preventing the 
settlement due to eyelie loadin!). 
The present paper explores the best way hOl'1 to use the 
geotextile for governing the settlement or the r utting 
of unpaved and paved roads on soft clay grounds. Three 
kinds of geotexti l es, geomesh, geomesh pipe and geogrip 
were tentatively selected to investigate the mechanism 
of soft clay grounds under eyelic loading ~lith a inclu­
sion of a ,geotextile as well as to determine the most 
suitable material on this matter. Laboratory model tests 
will also provide a basis for the seleetion of a eompati­
ble geometry and reinforeement layout. 

BRIEF REVIE:~ 

As afore-mentioned, geotechnical engi~eers in Japan have 
been involved in a number of opportunites to come across 
the eonstruction of earth and building struetures on soft 
grounds . At such an opportunity, they have been foreed 
to se l ect an appropriate improvement method for rein­
forcement of the soft gound and t he fill or foundation 
on it. The first attempt of the use of a geomesh as a 
eategory of soil improvement to rei nforcement of cl ay 
subgrades for asphal t pavement v/as proposed by Yamanouchi 
(1) and thereafter was applied to improvement of bearing 
capaeity of a soft reclaimed land. 
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In letzter Zeit sind eine Anzahl von Bahnstrecken und 
Landstraßen mit niedriger Böschung auf \1eiehem Lehmgrund 
gebaut worden. Dieser BOShU!l!Jstyp leidet häufig unter 
untersh iedl ieher Setzung und durch Vel'kehrsl as ten verur­
sachtes Ausfahren und flerauspumpen von Schlanlll aus dem 
Planum. 1m Labor l'lurden l>lodellversuehe in kleinen Mi\3-
stab durehgefuhrt, um ei ne Entl1urfsmethode für ungepfl as t­
erte straßen auf mit geotextilverstärkten ~,eiehen Funda­
menten zu finden und eine Grundlage für die l'lahl einer 
verträglichen Böshungsgeometrie und Verstärkungsnordnung 
zu finden. Entsprechend den Ergebnissen fü r NodellprD ­
fungen fur die Verwendung verschiedener Geotextllarten 
wurde bewi esen. da e die Anl'lendun!) von Geogitten die beste 
I~ethode ist, um unterschiedl i che Setzung des Damms auf 
weichem Grund unter zyklischer Last ist. Dies kann der 
hohen Starrheit von Geogitten und der hauptSächlich rei­
bungsbedi ngten Wi derstandskraft zl·/i schen und Boden zuge­
schrieben werden. 
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Fig. 1 Load intensity-settlement relations of 
soft elay-geomesh systems (Yamanouchi : 
1967) . 

Fig. 1 shows the typical results of load intensity and 
settlement relation obtained from small-scaled model tests 
at the laboratory (~) whieh were aimed at improving the 
bearing capacity of a soft clay (G = 2.65, "'L = 113%, I 

5 P 
= 42 , natural water content "'i = 110 - 120%) by laying the 
geomesh over soft elay beneath the granu lar fill. The 
test results proved that if the geomesh \1aS laid tooc1ose 
to the surface of clay layer the effect of geomesh must 
not be produced sUffieiently because the surcharge load 
on the !)eomesh was to~ sma11 to mobilize the shearing 
resistance of the geomesh against elay. 
For the purpose of investigating the reinforcement effeet 
of the geomesh on'soft grounds under eyel;e loading, the 
same kinds of model tests were carried out by Yamanouehi 
as shown in Fig. 2. The experimental results were given 
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15 Fig.4 (a) Cross section of nodel embanknent tests 

Fig. 2 Variations of settlement of model grounds 
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Fig. 3 Sand fill-clay layer systems with geomesh 

in Fig. 2 with those on cyclic load under a 6 kPa load 
intensity. The load intensity in this case was chosen 
by taking the load spreading effect due to the pavement 
into consideration. 
In spite of the success in improvement of soft grounds 
under sustained loading, adaptation of the geomesh was 
not available for improvement of soft grounds undercyclic 
loading. This was explained by Fig. 2 which showed the 
variations of settlement with number of load cycles in 
laboratory model tests. Fig. 3 illustrates the model 
systems of sand fill-soft clay layer involved in model 
foundation tests. In Fig. 2, there was not essential 
difference of settlement between soft grounds with and 
without the geomesh. 
The same behaviour regarding the effect of geomesh was 
observed at the in-situ vehicle running test over an 
embankment on soft clay ground at the field (1). Figs. 
4 (a) and (b) summarize the results of vehicle running 
tests over the soft Ariake clay ground. This field tests 
was carried out to make sure of the effectiveness ofquick­
lime stabilized layer, including the use of geomesh, 
against settlement of soft clay subjected to traffic 
loads. It is understood from Fig. 4 (b), the use of geo­
mesh is not the advantageous side at least for settlement 
control of soft grounds in comparison with the other 
stabilization methods. 
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Fig. 4 (b) Variations of settlement 

Fig. 4 Vehicle running tests on soft clay 
ground (Kohoku bypath, national route 
34, Saga pref., Japan) 

Considering the brief review on the use of the geomesh to 
improvement of soft clay grounds, it is suggested that 
another new adaptation method for development of the new 
material will be anticipated to proposed for reinforce­
ment of soft grounds particularly under cyclic loading. 

CONCEPT OF SETTLEMENT CONTROL BV GEOTEXTILES 

Settlement constrainment of soft clay grounds by means of 
the geotextile is expected by both the high rigidity of 
the material and the frictional resistance between soils 
and material. The former is concerned with surpression 
of compression and consolidation and the latter is rela­
ted to constrainement of lateral displacement of the 
ground. In terms of this consideration, it is concluded 
that a geotextile used for the purpose of settlement con­
trol at soft grounds should be required to have the fol­
lowing properties: 
1) High rigidity for smooth distribution of the applied 

stress toward the depth 
2) High tensile strength to follow the large deformation 

and deflection 
3) Strong frictional resistance to constrain the lateral 

displacement 
To satisfy these requirements, the multiple laying of the 
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geotextile with the high rigidity and frictional resist­
ance force is reccomended because the structural effect 
may be developed in the soil-geotextile systems as shown 
in Fig. 4. Therefore, producing the cubical form of the 
geotextile as shownin Fig. 4 is most preferable for re­
inforcement of the soft ground judging from both view­
points ofsettlement and bearing capacity. 
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TEST PROGRAM 

To detect a geotextile suitable for reinforcement of soft 
clay grounds under cyclic loading, additional model tests 
were carried out at the laboratory. The test program 
shO\~n in Tab 1 e 1 i 5 di vi ded i nto two types I and II 
which are schemed to simulate the paved and unpaved roads, 
respectivel y . Index properties of clay used for soft 
ground are listed in Table 2. 
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SERIES I : The apparatus for the model test series I is 
the box type (100 cm in height, 100 cm in depth and 50 cm 
in width) as shown in Fig. 5 , made of the lucite supported 
by the steel frame and is eCluipped by the markers to ob­
serve the movement of soil particles. The surface of 
lucite is drawn by the painted cross sectional straight 
line and is applied by the silicone grease to lubricate 
the both sides of the lucite box and to reduce the fric­
tion hetween lucite and clay. The model clay ground is 
produced as a block of clay with approximate 20 cm in 
depth by consolidation from a slurry which is sandwitched 
by the upper and lower sand layers. 
As metioned previously, the geotextile is laid horizontal­
ly either over the surface of clay layer or among the 
upper sand fill with 17 cm in height, as illustrated in 
Fig.5. Mechanical properties of the geotextiles involv­
ed in tests are summarized in Table 3. 
Once the clay has been consolidated by a surface load to 
the required extent for 30 days, the loading platen is 
removed and the cl ay a 11 o\~ed to swe 11 back until an equi­
librium state is achieved. After this process, a cyclic 
load with frequency of 0.1 Hz. is applied to the surface 
of the upper sand fill over the period of 130000 cycles. 
For the main series of tests, the width of the rigid 
footing plate \~as 30 cm and 15 cm. 

The loading sequence of each test is sChematically illus­
trated in Fig. g together with that in the test series 
II. The vertical displacement and the lateral heave are 
measured by means of the dial gauges installed on the 
surface of fill. Besides, the vertical earth pressure 
and pore-water pressure also monitored during both pre­
consolidation and cyclic loading processes. The loca­
tions of the pressure cells and the manometers are shown 
in Fig. 5 . 

Table Summary of laboratory model tests on use of geotextile 

Tes t 
series 

I 
(Unpaved) 

Ir 

(Paved) 

Test Materi al 
No. 

0 Geogrid 

D-l 

E Geomesh-pipe 

F 

G No 

y No 

Z Gogrid 

°vo 

(kPa) 

10 

11 

5.1 

lIo r 

(kPa) 

10 

40 

10 

200 

N 

(cycles) 

130000 

200000 

Table 2 Index properties of soft clay used in tests 

Index Ariake cla}' Ariake clay 
Ir 

Specific gravity Gs 2.46 2.63 

Liquid limit wL (%) 108 117 

Plasticity index Ip 76 78 
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(Hz. ) 

0.1 

0.18 
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cy1inder 

-' Pressure cell .: Manometer (unit : cm) 
Fig. 5 (a) Apparatus for model tests (series I for 

unpaved road) 
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Strain ga 

Aspha lt 
Grave1 

Crusher 

Clay 
1ayer 

(unit : cm) 

Fig. 5 (b) Apparatus for model tests (series Ir for 
paved road) 

Fig. 5 Apparatuses for small-scaled model tests at laboratory 

Table 3 Mechanical properties of geotextiles 

Tesile strength 
Product (tl/rn) 

WaiD 
Geogr;d (TENSAR,SS2) 15000 

Geomesh (NETLON,Z-31) 7000 

Geomesh-pipe (NETRON, PDS-50) -

l'Dr=lOkPa ,f=O.l Hz (Series r) 

llOr=200kPa,f=0.18Hz (Ser;es II) 

L-L-----------------~ t 

Fig. 6 Loading sequence for both tests 

Weft 
32000 

7000 

-

SERIES 1I : Different fl'om the test series I for unpaved 
roads, the series 11 is aimed at simulat;ng the behaviour 
of paved roads under eyelie loading. The apparatus for 
model tests is made of the conerete box (150 cm in length, 
150 em in width& 100 em in depth)as illustrated in Fi(J. 
5 (a). The cl ay 1 a:yer with 6,0 cm in th i eknes s i s eovered by 
the simul a ted asphalt pavement. Two hyer geogl'ids are 
plaeed over the erusher ram layer (20 cm in thickness) and 
among the granular arrangement erusher s tone 1 ayer (1 5 em 
in thiekness), respeeti vely. Vertiea 1 di spl aeement of the 
surface of a model pavement aremeasured by each dia1 gauge 
whieh is attaehed over the surfaees of pavement, erusher 
stone layer and crusher ram layer through the iron bars, 
as shown in Fig. 5 (b). The loading sequence is slightly 
different from the series 1. That is, sueeessive to the 
preconsolidation pressure with 5.1 kPa, the model;zed 
ground is sUbjeeted to cyel;e loading with 200 kPa in in­
eremental cyelic load intensity and 0.18 Hz. in frequeney 
of eye1ie loading. The number of load appl;eation is 
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Fig. 7 Systems of soft clay ground-geotextiles 
in laboratory nodel tests 
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2QOOOO cycles for each test. 

TEST RESULTS 
Experiments for Unpaved Road 
(1) Vertical displacement : The vertical resudual dis­
placement, hP, observed ln model tests for an unpaved 
road reinforced with and without geotextiles at each re­
moval of applied cyclic load, 6o r , is plotted against the 
number of load cycles in Fig. 8. According to the com-

o r--------------------------------, 

5 

E 10 -
E 

'J:: 1 5 

20 

(0) Geomesh-pipe 

( 6.) Geogri d 

(x) ~Jithout f]eotextile 

Test E 
h~ ;15mm 
Test 0 

h~;14",," 

Test G 
h\' ;37mm 

Fig. 8 Variations of vertical displacement of model 
grounds wi th and lvi thout geotexti 1 e under cycl i c 
loadin!] 

parison of the variations of residual displacement versus 
the number of load cycles, settlement of soft grounds 
reinforced with a geogrid tends to converge at a specific 
number of load cycle. In other words, there is the point 
of inflection of settlement curve. On the contrary, set­
tlement of the soft ground gradually becomes eminent in 
the region of the large number of load cycle, while all 
the settlement curves trace al~ost the same line at the 
beginning of cyclic loading. Therefore, it is concluded 
that the function of geotextile reinforcement is fulfill­
ed only when the soil-geotextile system experineces the 
large dispacement. 
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From a comparison of the converged settlement of each 
model test due to cyclic loading which is deduced by the 
extrapolation method (5) as indicated in Fig. 8, the rein­
forcement Ivith the geogri dis mos t promi si ng for res tri ct­
ing settlement of unpaved roads on soft clay ground. This 
trend may be attributed to the stress re-distribution and 
its reduction due to the effect of so called "restrained 
layer" produced between granular fill and geotextile (3). 
(2) Deformation behaviour : Deformation behaviour of model 
ground is illustrated in Fig. 9. The model ground right 
below the loading surface without geotextiles is apt to 
deform vertically and hence this suugests that settlement 
of the soft ground under cyclic loading should be consoli­
dative. The effecto of reinforcement of the pavement with 
geogrid on the soft ground is to diminish the settlement 
and to govern the lateral displacement. 
The variations of the vertical earth press ure measured at 
the mid-place of clay layer with the number of load cycle 
are shown in Fig. 10. The earth pressure in clay layer 
without geotextile is on the increase with the number of 
load cycles particularly at the later portion of curves 
of residual displacement versus the number of load cycles. 
This is the result due to no other than the fact cyclic 
load is distributed toward the depth of model ground 
because the restrainment is developed by the frictional 
resistance accompanied by large deformation. In these 
cases, particularly, one of the reasons why the vertica} 
earth pressure was time-dependentduring cyclic loading 
as can be seen in Fig. 10 might be relevant to the lateral 
confinement of the apparatus. 

Experiments for Paved Road 

Let us consider the effect of the ge09rid buried in the 
crushed stone for mechanical stabilization. The variations 
of rsidual displacement of the loading surface of paved 
model ground with the geogrid are illustrated in Fig. 11. 
It is made clear from the comparison of the settlement 
versus the the "number of load cycles relation with and 
without geogrid the layout of geogrid is effective for 
controlling settlement due to cyclic loading. However, 
a difference does not seem to be so eminent that we are 
not sure of the usefulness of the geogrid to settlement 
control at the soft ground. This tendency is almost the 
same as seen in the model test to simulate the unpaved 
road (see Fig. 6). It is, therefore, concluded that the 
effect of a geogrid aga~nst residual setttlement or 
deformation of the ground becomes larger because both soil 
and geogrid should behave as if they were incorporated 
each other. 

Ovo=lOkPa 

60 r =lOkPa 
f =O.lHz 

Cyclic load 
(without g.) (geomesh-pipe) r---- 30cm 
Test G: ----> Test E' -I 

(geogrid) 
Tes t 0 . ----?o 

N =130C0Jcycies 
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I l 1 1 
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Fig" 9 Deformation behaviour of model grounds with and without geotextiles for unpaved roads 
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Fig. 10 Variations of vertica1 earth pressure with 
number of load cyc1es 

Test Y (0) 

Test Z (e) With geogrid 

15~~~~~~~~~~~~~wu~~~~ 
10 10] 104 

Fi g. 11 

N (cycles) 
Variations of vertica1 displacement of model 

ground for paved road with and without geogrid 

The distribution of settlement dsp1acement in mode1-paved 
grounds accompanied by cyc1ic 10ading is il1ustrated in 
Fig. 12. Settlement of the paved road under cyc1ic 10ad­
ing is rather consolidative not on1y without the geogrid 
but also with the geogrid, though the geogrid p1ays a 
ro1e in reducing the settlement of soft grounds. 

(cm) 

30 40 50 

f::,. ~~ 
0.5 With A geogri ./- l~ithout ge09ri d 

1.0 
,/'" 

. / 

1.5 

Displacement 
(em) 

0 .• : At surface of pavement 
f::,.,&: At surface of crusher ram 

0, . : At surface of c1ay 1ayer 

Fig. 12 Distribution of vertical di splacement of ~odel 
grounds with and without geogrid at N = 10 
cycles 
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CONCLUSION 

By simplifying the problems of cyelic loading on a 1ayer 
of fi11 on soft e1ay ground, it has proved possible to 
identify the essential differences in behaviour between 
systems with and without geogrid at the base of sand fi11 
and pavement, by means of smal1-sea1ed tests in the 1abo­
ratory. 
The significant1y better perfonnanee of the systems in­
eorporating a geogrid has been shown to be the resu1ts of 
the reinforcing action of the geogrid, which inter10cks 
with the sand fi11 or crusher stone and shows the frie­
tiona1 resistance deve10ped at the base of the fi11 or 
pavement. 
The restrained effect by tensi1e or pull-out resistanee 
seems to be more exerted in the geogrid than in the geo­
mesh. Subsequently, settlement of grounds with a geogrid 
is 1ess than with a geomesh due to this restrained effect 
between fill and geogrid. 
Presumab1y, settlement contro1 effeet of soft c1ay ground 
depends not only upon the rigidity of the material but 
also upon the frietional resistanee among material, 
granular fill and soft clay. 
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