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Theme lecture: Use of geosynthetics and geotextiles in geotechnical engineering 

Exposé sur le thème: Utilisation des géosynthétiques et des géotextiles en géotechnique

Rudolf Floss -  Technische Universität München, Germany

A BSTR A C T: The elected  subjects o f  the Repo rt are divided up in tw o parts, the first one w ith reference to  the Papers o f  the D iscus­

sion Sessio n 5.2, the seco nd  part g iv es some new s on the recent German research, esp ecially  on prestressed  geosynthetic reinfo rce ­

m ents fo r so il-bearing  layers and on the behaviour o f  geosynthetic reinfo rced  slopes. Co ncerning  the Sessio n Papers there w ere 

reg istered  16 reports alltogether, 14 papers in Eng lish, 2 in French. The themes o f  these papers can be devided up into the 

item s:Testing  and perfo rm ance o f  geo textile filters, design and perfo rm ance o f  drains and preload ing, bearing capacity o f  geosynthetic 

reinfo rced  system s, steep slope and embankment stability , special testing on reinforcing  effects, case history  studies. The fo llow ing  

presentation summarizes some ind ications and remarks show ing the progress in research and development.

Part I: News on Research and Development with reference
to the Session Papers

(1) The influence on the thickness and the filter characteristic 

values (o pening size, w ater perm eability  behav io ur and the 

behavio ur in the turbulence test) caused  by  stretching  o f  

geo textiles in co ntact w ith so il w as determined . A  proposal 

fo r a criteria and fo r the classificatio n o f  the flexib ility  (FK) 

o f  streched  geo textiles is based  on results o f  the plunger 

puncter test and the m axim um  stretching  in the biaxial ten­

sile test. A  basically  d ifferent behav io ur betw een the d if ­

ferent bonded  geo textiles w as founded  in these tests.

(F. Saatho ff, Germ any)

(2) Mud pumping can be simulated  by a new  filtration-test. 

This test is m ainly  based  on the so il-retaining  requirem ents 

o f  the filter. The w eight o f  the subgrade so il passing the 

filter caused  by  the repetitive load ing is measured  and 

hence a So il Co ntam ination V alue (SC V ) is calculated . 

The SC V  correlates system atically  to  the Effectiv e 

Opening Size (EO S) o f  the geo textile in depend ence on the 

so il. (S. V . Ramasw am y, Ind ia)

(3) Research w ork is done on the speed ing up co nso lid atio n by 

vertical band-shaped  drains and the vacuum preload ing. In 

the com pariso n o f  the co nso lid atio n surcharge and under- 

pressure-suction there are sig nificantly  d ifferences in the 

total and effectiv e stress state and acco rd ing ly  in the co n ­

so lidation rate. In both so il impro vement methods stress 

decreases w ith depth, but in the case o f  surcharge the rate 

is significantly  slo w lier. The vacuum co nso lid atio n doesn't 

cause co nso lid atio n belo w  and outside the v ertically  

drained area. The pumping tim e is almo st some tim es shor­

ter than the trad itional surcharging  tim e. (P. V epsalainen /  

N. Punm alainen, Finland )

(4) A  case study d eals w ith a particular app lication o f  G eo tex ­

tile French Drains (G FD ), in w hich the geo textiles have a 

satisfactory p erfo rm ance used  to  intercept the groundw ater 

flow  in order to dew atering and avo id  a piping pro blem.

(V . Trueba, M exico )

(5) The practical analysis o f  preload ing and vertical drain ef ­

fects on the co nso lid atio n o f  so ft clay  is co nnected  w ith se­

veral uncertainties. Fro m  the data o f  full - scale field  tests 

it is concluded  that the co urse o f  settlement agrees better

w ith the co nso lid atio n equation based  on no n-Darcian flow  

than w ith the co nv entio nal D arcian flow  theory. This fact 

has been co nfirm ed  in previous studies. A no ther po ssible 

explanation may be a gradual d ecrease in the co effic ient o f  

conso lid ation during the course o f  settlement.

(S. Hansbo , Sw ed en)

(6) The main applicated  test metho d  fo r the investigation o f  

bearing capacity and defo rm ation o f  multilayered  systems 

are large scale laborato ry  or field  load ing tests compared  to 

calculatio n results made by FEM . The simplest and there ­

fo re o ften used w ay fo r field  load ing is the applicatio n o f  

plate bearing tests, but it has to  be consid ered  that these 

tests are not suitable to  v erify  the changes o f  normal and 

shear stresses at the interface o f  the so ft so il layer and the 

reinfo rcem ent. Up -to -no w  the results and the conclusio ns 

o f  such com pariso ns are no t consistent. The causes may be 

on the one side the d ifferent test co nd itions and the d if ­

ficulties in the determ ination o f  the reinfo rcem ent and soil 

parameters in the FEM -calculatio ns, on the o ther side the 

d ifferences o f  interfacing  the reinfo rcem ent betw een or in­

side the layers and the d ifferences in the stiffness o f  the 

reinfo rcing geosynthetics.

(7) Research w ork at Helsinki University o f  Techno -lo g y  by 

laboratory model testing has the co nclusio n that a reinfo r­

cement betw een a so ft subgrade and a sand layer does not 

significantly  d ecrease settlements or increase the bearing 

capacity in the range o f  small d isp lacements (<  40 m m ). 

The best benefit o f  reinfo rcem ent is reached  fo r large d is­

p lacem ents and w hen using tw o reinfo rcem ents. In this ca­

se the reinforcem ent d ecreases the shear stresses at the top 

o f  the so ft layer. A nother result is that the density o f  the 

com pacted  super structure has larger effect on the bearing 

capacity than the stiffness o f  the reinfo rcem ent. (A . A alto  / 

P. Friberg / E. Slunga, Finland )

(8) For the examination o f  the effect o f  ho rizo ntal geo synthe­

tic layers fo r reinfo rcing  so ft so ils beneath foundations, a 

reduce scale-m o d el w as p laced  in a centrifuge. The results 

show  that the bearing  capacity o f  the so il can increase i f  it 

is reinfo rced  by o ne or tw o  geosynthetic layers. But it has 

to consid er, that the d eform ation o f  the so il increases as 

w ell. (T. Dubreucq /  P. D elm as, France)
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(9) Large scale laborato ry  inv estigatio ns by plate bearing  tests 

supported by  FE analysis have v erified  that the use o f  w o ­

ven and non w oven geo textiles in granular bearing  layers 

can improve the bearing  capacity. But the beneficial e f ­

fects o f  the w oven reinfo rcing  geo textiles is only essential 

at large defo rm ations. The tw o  layer so lution w ith a w oven 

geo textile in the bo tto m  and a geogrid  in the granular m a­

sses increases the bearing  layer stiffness and results in si­

gnificant impro vement o f  the d eform atio n characteristics 

both fo r static and cy clic  lead ing. (A . W atn et. al, Norw ay)

(10) The results o f  tw o natural scale tests are presented  in 

w hich a steep sand embankment reinforced  w ith tw o d if ­

ferent geo textiles (w oven and nonw oven) w ere loaded  up 

to the break po int. A  d ifferent failure m echanism  in the 

embankment occurred , depending on the used geo textile. 

Due to the co rrelatio n betw een d eform ation and load , it is 

p ossible to  sp ecify  a critical load . In this co nnectio n the 

nonw ovens have show n m o re effic ient behavio ur than the 

w ovens. (E. Baraize et al., France)

(11) On the basis o f  centrifuge m o deling  it w as v erified , that 

marginally insitu slo pes can be stabilized  by high strength 

non-w o ven geo textile strips. The strips perfo rm  the dual 

functions o f  reinfo rcem ent and drainage. On account o f  

their survivality it is p o ssible to  d rive them into  existing  

slopes in a sim ilar m anner as to  driving w ick drains into 

the ground, thus requiring  little o r no excav atio n. But 

m o re study is necessary on the driving m echanism  and on 

m inim izing  the d isturbance to  the slo pe during installa­

tion o f  the strips. (Th. F. Z im m ie /  M . B. Mahmud, 

USA )

(12) In Germany m o re exp erience and kno w led ge could  gath­

ered o f  piled  and reinfo rced  embankm ents in areas o f  so ft 

ground.

In the case o f  a track railw ay line an embankm ent w as 

founded on driven p iles w ith co ncrete p ile caps and rein ­

fo rced  by three layers o f  high tenacity  po lyester geogrids. 

The m easurements reveal a satisfacto ry  perfo rm ance o f  

this structure w hich w as cho o sen instead  o f  conventio nal 

deep replacem ent o f  the so ft peaty so ils. (E. Gartung et. 

al, Germany).

In another case a road em bankm ent w as founded  on so ft 

peaty ground by sand co lum ns (d iam eter 0,6 m, d istance 

1,25 m) reinfo rced  by  a g eo textile co ating  instead o f  soil 

replacement. The co ating  o f  the co lum ns w as composed  

o f  a reinfo rcing  sew n geo textile o f  po lyester threads and a 

geo textile filter. This geo textile com po site is subjected  to 

ring tension fo rces, g iv es a radial supporting o f  the sand 

co lum ns in co nnectio n w ith the surrounding so il and gua­

rantees the filter effect. The installation o f  the co lum ns 

need  a p re-filling  fo r w o rking and w as carried  out by  se­

veral vibratio n driving o f  casings. (H .-G . Kem p fert et. al, 

Germany).

Part II: News on German Research Results 

(examples 1996 / 97)

At the Institute o f  Foundatio n Eng ineering, So il and Ro ck M e ­

chanics o f  the Technische Univ ersität M ünchen the load and 

deformation behaviour o f  prestressed  geosynthetic reinfo rce ­

ment fo r so il-bearing  layers and no n-prestressed  reinfo rcem ent 

for steep slopes w ere themes o f  extensiv e research in 

1996/ 97.

1. Research on prestressed geosynthetic reinforcements for 

soil-bearing layers

The idea to  prestress the reinfo rcem ent on a d efined  level be ­

fo re loading arises fro m  the requirem ent that o nly very low  

system d eform atio ns are allo w able fo r bearing layers w ith spe­

cial usability .

First o f  all a techno lo gy fo r prestressing o f  geosynthetics was 

developed  and perfo rm ed fo r the foundation o f  sport grounds 

on so ft subgrade. Lit.: Flo ss, R .; Go ld , G ., Prestressed  G eo ­

synthetic Reinfo rcem ents fo r so il-bearing  System s. Pro cee ­

d ings Geo synthetics 97 Co nference Lo ng  Beach, Califo rnia, 

USA , M arch 10 - 13, 1997.

Furthermore the influence o f  d ifferent degrees o f  prestressing  

o f  the reinfo rcem ent w as analyzed  using the Finite Elem ent 

Method (FEM ). By  prestressing  the reinforcem ent the stress 

state o f  the granular bearing  layer is m o dified . The prestres­

sing operates m ainly  in ho rizo ntal d irection and so the ho ri­

zontal stresses are increased . W hen the load ing in vertical 

d irection is brought on the layer, there is an increase in v erti­

cal stresses. So  several load  steps can be brought up, until a 

stress state co m parable to  the hyd rostatic stress state is achie ­

ved. The increase o f  the second  invariant o f  the stress de­

viator, w hich is important fo r the yield ing  o f  the system, 

happens on higher load lev el. The results are:

- The d eform atio ns o f  the granular bearing  layer itself are re ­

duced, because p lastic d efo rm ations are o nly reached  on a 

higher load level.

- Because o f  the higher load  level in the granular bearing  lay ­

er, there is given an essentially  improved  load  spreading and 

stiffer load reaction o f  this layer. Therefo re bigger areas o f  

the subsoil are claim ed  and sm aller d efo rm ations result fo r 

the w hole system. This is the essential effect fo r the reducti­

on o f  the system d efo rm ations, because the main part o f  the­

se deformatio ns result fro m  the so ft subsoil.

- The mo st significant reduction o f  the vertical deformatio n 

w as calculated  by  the system  w ith the thickest granular layer 

(0,5 m ). But the prestressing  generally  show s better effects 

fo r system s w ith low er stiffness o f  the reinfo rcem ent. The 

reason fo r this is, that a high stiffness o f  the reinfo rcem ent 

has a good perfo rm ance even w ithout prestressing.

2. Research on load and deformation behaviour of 

geosynthetic reinforced steep slopes

2.1 The main to p ic o f  the research on reinfo rced  steep slopes 

w as the influence o f  the bond  betw een soil and geosynthetic 

reinfo rcement on the d eform atio n behav io ur o f  the co m po site 

system. Reinfo rced  shear tests and in-so il tensile tests w ere 

carried  out w ith a num ber o f  nonw ovens and w o vens. The 

tests with the nonw o v ens show  an increase o f  the tensile 

strength and stiffness o f  the system , a d ecrease o f  the creep  

deformation and the d eform ation rate acco rd ing  to  the soil 

surcharge. But the co m pariso n betw een the w o vens in so il and 

w ithout so il show  no  clear d ifference in the d eformatio n creep 

behaviour.

The results show  clearly  the increase o f  tensile strength and 

stiffness accord ing  to the so il surcharge and have to be trans­

formed into a material law  fo r using in FE-calculatio ns, analy ­

tical approaches and practical designs. The results o f  that 

material law  show  a goo d  agreem ent w ith the test results fo r 

the range o f  usual w o rking loads.
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Calculations o f  load -settlem ent characteristics and d eform a­

tion behavio ur o f  reinfo rced  steep slo pes with the Finite 

Elem ent M etho d  show  the necessity  o f  in-so il tensile tests 

w ith nonw ovens. The investigations and co m pariso ns w ith full 

scale tests dem onstrate that so il reinfo rcing  w ith nonw ovens 

can be effectiv e. (D o cto ral-thesis o f  A . Bauer, Germ any)

2.2 In another research and thesis w o rk a large biaxial test 

d ev ice w as developed  to  inv estigate the load -d efo rm ation be ­

haviour and interactio n o f  m ultilayered  geosynthetic reinfo rce ­

ments in sand: .

Tests under plane strain co nd itions acco rd ing to  the real situa­

tion in site w ere carried  out (m axim um  load 1000 kN/ m2) with 

three layers o f  geo synthetics (geo grid s, w o vens and no nw o ­

vens) in sand and also  fo r sand w ithout reinfo rcem ent. The 

size o f  the test d ev ice w as sufficient fo r a nearly full scale test. 

The d ifferent stress-d efo rm atio n-behav io urs w ere compared. 

On the basis o f  these tests the co m po sit behav io ur w as d escri­

bed approachingly with a m echanical mo del.

The reinforcem ent by nonw o v ens results fro m an increase o f  

the shear fo rce intensity, but w ith unchanged  stress-/ strain b e ­

haviour o f  the reinfo rced  so il. D efo rm atio ns necessary to 

achiev e reinforcem ent effects are sm aller w ith geogrids than 

with w ovens. The analytical approach can be used to  pred ict 

the d eformatio ns o f  steep slo pes, even w ith nonw ovens. 

(Do cto ral-thesis o f  M . N im m esgem , Germ any)

Su m m ary  (P art I and  II)

(1) The perfo rm ance o f  geo textile seperators and drains is 

confirmed  by  research and exp erience, so  in generally  the 

application can be recom m end ed  fo r highw ay and railw ay 

engineering. But the assumption must be a careful d esi­

gning on the basis o f  representativ e investigations on the 

ground and hyd ro log ical co nd itions. A ttentio n is necessary  

on the d istinct behavio ur betw een d ifferent bonded geo ­

textiles caused  by stretching  under load.

(2) In the case o f  preloaded  and vertical drained  so ft clay  mo re 

research should  be useful on the gradual d ecrease o f  the 

co effic ient o f  co nso lid atio n during the course o f  

settlements.

(3) An essential requirem ent fo r the d urability  o f  geo textiles 

and geogrids must be the resistance against abrasion and 

other damages by  co v ering , co m paction and traffic 

loading.

(4) The know led ge on the chem ical d urability  and on the creep 

behaviour o f  geo synthetics need  m o re research and practi­

cal exp erience. The situation is on this field  the sam e as 

befo re.

(5) The main applicated  test metho d  fo r the investigation o f  

bearing capacity and d eform ation o f  multilayered  system s 

are large scale labo ratory or field  load ing tests compared  

to  calculatio n results made by FEM . The simplest and 

therefo re o ften used w ay fo r field  load ing is the app lica­

tion o f  plate bearing  tests, but it has to  be consid ered  that 

these tests are not so suitable to  v erify  the changes o f  nor­

mal and shear stresses at the interface o f  the so ft so il layer 

and the reinfo rcem ent.

(6) A cco rd ing  to the present state the best effect o f  reinfo r­

cing bearing  layers seem s to be reached  by using tw o rein­

fo rcem ents, but the effic iency  is co m p lex influenced  by 

both the quantity o f  d isp lacem ent and stiffness o f  the rein ­

fo rcem ent as w ell as the density o f  the super structure. 

These co m plex influences have to  be seen seperated  fo r 

static and dynamic load ing. A lso  the effic iency  o f  pre­

stressing the reinforcem ent could  be an essential step fo r 

further d evelopment o f  geo synthetic structures.

(7) Calculations o f  the load -defo rm ation behav io ur o f  reinfor­

ced  steep slopes with the Finite Elem ent M etho d  show  the 

necessity o f  in-so il tensile tests w ith nonw ovens. The in­

vestigatio ns and com pariso ns w ith full scale tests demon­

strate that so il reinfo rcing  w ith nonw ovens can be 

effectiv e. The reinfo rcem ent by  nonw ovens results from 

an increase o f  the shear fo rce intensity.
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