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STABILIZATION OF SLOPES IN RESIDUAL SOlLS WITH GEOFABRIC 

STABILISATION DE PENTES AVEC DES GEOTEXTILES DANS DES SOLS RESIDUELS 

BÖSCHUNGSSICHERUNG MIT GEOTEXTILIEN IN VERWITTERUNGSBÖDEN 

WOVf~;1 geo!r'i.D::,ic :w,-s been used successfully in Si:1gapo!'e 
:0 stal)!!~ze a steep slope in resinual soil alld 
weai.hcren J'oc~~. Geofabr.:c waf; wJ'i1~)p(! ... i Eli~()l:~Jd d;'ü'::'nR 
cons-:'sti.Eg of c~ean granular materinls. The drains 
wP,'e 'Q"_?cPc1 in dpell t:,enc:'!f.'s alO!lg" t~lC R~.C';)t~ c~·ltt.i:Jg 
aet.os; pote~t!aJ sliding surfaces in the soil. The 

:~~~~~ :~,~~ e~s~e::e [l~~~:l:~~'e':7()" ~ n "~h: fsi~~~:~:' :l~~~\~r: W~~l~ 
inc~easp t~p stah:lity. 

IIIJTROOUCTION 

Landslides in the resid~a~ SQ~'S or weathered rocks of 
Singapore are generally rain induced and shallow 
(Ramaswa~y, and Aziz, 1980, Pitts, 1983). This iS also 
the case for landslides in residuai soils and weathered 
rocks in ge~erai (Bra'ld, 1984). These slooes when dry 
or pa,tia 1 iy sa~urated are normally staole at 
incli~atio"s exceedi~g the effective angle of internal 
friction, <p', of the soil as determined by drair>ed 
direct shear or triaxial tests. When partially 
saturated, the negative pore water pressures impart to 
the so; 1 an effective stress which is higher thai' the 
corresponding tctal stress. The shear strengt~ of the 
soil is thereoy increased, enaoling the slopes to 
remain stab1e even when the incl ination exceeds the 
e~fect've f~ictio~ a~gle (<P'). After a heavy rainstorm, 
or aseries of rainstorms, the soi 1 becomes saturated 
or almost satürated because of the infiltration of the 
rainwater into the ground. Then the negative pore 
pressures originally present in the soil are eliminated 
or drastically reduced, causing a large reduction in 
the effective stress and of the shear strength. The 
slope may then become unstable and fail. 

STABILIZATION Ur SLOPES 

Many methods can be used to increase the stability of a 
slope and to reduce the risk for landslides. These 
methods may be adopted singiy or in combination. The 
choice depends primarily on the cost and the 
consequences Of failure (Broms, 1975). The more 
commonly used slope stabilization methods in Southeast 
Asia include geometrical methods, drainage methods and 
restraining structures. 
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In Singapur wurde ein Gewebe erfolgreich zur Stabilisierung 
einer steilen Böschung aus Verwitterungsgestein eingesetzt. Mit 
Geotextil ausgekleidete und rni t grobem Kies gefüllte Dränagen 
wurden in tiefe, die möglichen Gleitlinien schneidende Gräben 
verlegt. Das Geotextil hat sowohl Filterfunktion als auch Ver
stärkungsfunktion, was die Böschungsstabilität erhöht. 
In diesem Artikel wird das Verfahren beschrieben sowie die 
Bewehrungswirkung der Längsdränage rechnerisch erfaßt. Nach 
dem Einbau der Dräns wurden keine weiteren Bewegungen 
beobachtet. 

Geometr;CB1 met~ods incll!de slooe flattening, 
excavation at the top o-F t~~e slope, toe c'; 11 ing 8r1d 
repiacement of slipoed material by free drain'ng 
material or by recomDacted s~ip deoris. Drainage 
methods include installation of surface and suosurface 
drains and lining the slopes with a CO'lcrete alJron. 
Restra;n'ng structures include concrete gravity 0" 

canti lever walls, gabion structures, crio wal's, earth 
reinforcement, emoankment piles and ground anchors. 

USE OF GEOFA8RIC FOR STABILIZING S~O~ES 

lhe use of geofabric as tensile reinforcement to 
stabilize built-up slopes or embankments has oee~ 

described in Holtz (1985). The fabric is usuaily _ " 
placed in horizontal iayers within the slope. Where an 
emoankment is constructed on soft ground, t~e geofabric 
is usually placed at the base of the embankment. 

Another way to stabilize siooes with geofabric is 
descrioed herein. With this new method the stability 
of existing unfaiied slopes can De ircreased, failed 
slopes can be stabilized, or new steep slopes or high 
embankments can be constructed wi thout exceed i ng the 
bearing capacity of the soi l. In these appl ications, 
the function of the geofabric both as tensile 
reinforcement and as a filter is utilized. The concept 
is illustrated in Fig 1. 

The geofabric which is wrapped around drains consisting 
of clean granular materials is installed along the 
slopes as shown in Fig 1. The drains will reduce the 
pore water press ure within the slopes during the rainy 
season. Thereby the shear strength is increased. The 
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Fig. 1: Schematics of slope stabilization 
using geofabric wrapped drains 

geofabr;e then aets as a filter around the drains whieh 
prevents the migration of soi 1 (internal erosion) 
withili the slooe into the dl'8ins. The geofabrie also 
reinforees the' soil along potential 51 iding zones or 
planes. 

O~e add i t i ona 1 advantage wi th the new method isthat 
the temporary deerease of the stability of the slope is 
only marginal during the eonstruetion of the deep 
trenehes required for the drains. Only a limited width 
of the siooe is affeeted. When eonerete gravity or 
cantilever 'walls are used the stability of the slope 
can be reduced considerably during the construction of 
the walls. 

Spaeing of Drains 

The requirea spacing of ~~e d~ains wrapped in geofabric 
as well as the dimensions of the drains depend on the 
pore water press ures in the slooe w~ich ca~ be 
eva 1 uated by means of a f 1 ownet. . An examp 1 e of a 
flownet that corresponds to steady state seepage after 
a prolonged rainstorm is shown in Fig 2. The granular 
material in the drains ~as been considered to be 
infinitely pervious in relation to the slope material. 
The pore water pressure in the s 1 ope wi li be reduced 
considerably by the drains both aOove and between the 
drains as can be seen from the flownet. 

For many applications, 0.5 m wide and 1.0 m high drains 
which are spaced 3.0 m apart would be reasonable. The 
flowlines above the drains will then be almost vertical 
as shown in Fig 2 and the excess porewater pressures 
wi 11 be sma". 

Depth of Drains 

lhe geofabric wrapped drains can be used to increase 
the stability of existing unfailed slopes or .as 
remedia1stabi lization of fai led slopes. The dra, ns 
should be located deep enough so that they intersect 
potential sl ip surfaces in the soil .. T~e re.quired 
depth of the drains depends on the d,ff,cult1es of 
excavat i"ng trenches a l ong the s10pes wi th ,a bac~hoe. 
The maximum depth ;s aDout 4 m. For s10pes ,n res,dual 
soils or weathered rocks this deptl"l i s usually 
sufficient because most 51 ides in these materials are 
shallow. less than 3 to 4 m. 
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Fig. 2: Flownet showing steady state seepage 

Required Tensile Strength 

The required tensile strength of the geofabric can be 
ea 1 culated as shown in Fig 3 by considering the force 
polygon for the sliding soil mass above possible 
sliding surfaces in the soil. The sliding surface is 
often located at the contact between the completely 
weathered and the under lVi ng part i a 11 y weathered 
material. 

Fo~ a planar siid<ng surfaee, the orientation of the 
geofabric and at the drains should be perpendicular to 
the resultant of the normal reaction force and the 
force that corresponds to the mObilized shear strength 
along the potential failure sur~ace, as shown 'n Fig 3 
in order to utilize the fabric effectively. For slopes 
where <Pu = 0 the orientatio.n of the geofabric should be 
parallel to the sliding surface in order to reduee the 
requi red tensi le resi stance. The optimal orientation 
of the geofabric is also governed by the maximum depth 
that can be obtained with the avai1able eonstruction 
equipment. 

The required number of layers (N) of the geofabric in 
each drain can be determined as follows : 

N = FsRs 

a1' 

••• (1 ) 

where R is the force per unit width (kN/m) to be 
resisted oy the fabric, 5 is the drain spacing of the 
slope (m), T is the tensile strength per unit width 
(kN/m) of the fabric, a is the effective perimeter of 
the drain (m) and Fs is the factor of safety. 

Deformation 

The geofabrics ava i iao le i n the market generally 
require an elongation of from 14% to 50% be fore the 
ultimate .tensile strength of the fabrics i s mobil ized. 
~he stra,n required t o mob i lize the ultimate streno~h 
1S much l ess for Woven than for non-woven geofabr i ~s 
Only woven geofabr;cs should therefore Pe used . Th~ 
bran~s of . geofanric manufactured specifically as 
tens,le re1nforcement for 50il have a ruoture strain of 
about 14%. In v;ew of the large S1: sin required at 
failure, a ractor of safety of at least three should be 
used in the des i gn. 
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Fig. 3: Computation of design tensile reinforcement 
to be provided by geofabric 

ihe length, L, wnich is reauired to transfer tre load 
in the fabric to the surround!ng soi' can be calculated 
as fOllows : 

••• (2) 

<' (~j(o~ ... b(T~ i tar ql~ 

where (T~ ~s the vertical effect"ve stress at mid 
height (center) of the drains, K is the lateral earth 
pressure coefficient for the compacted granular 
material in the drains, h is the height of the drains, 
b is the width of the d"ains a~d I)la is t"e :'rictio!' 
angle between the geofabric and the soil. The transfer 
length will be about 1.25 m for a 0.5 x 1.0 m drain 
located at 3 m depth. I t has been assumed ; n the 
calculations that the force in the fabric is 35 kN/m, 
that the unit weight of the soil is 20 kNjm' and the 
friction angle ~a is 25 degrees. The reouired transfer 
length is t~us re'atively s~all. 

The deformation 6 of the geofabric to mobilize 
therequired tensile force can be calculated from the 
following equation 

L 
_e_ 

6 = x 100 
... (3) 

where e is the percent elongation needed to mobilize 
the required tensile resistance of the geofabric and L 
is the transfer length. In the case the strain 
required to mobilize the required tensile force in the 
fabric is 5% then the elongation will be 63 mm at a 
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'transfer length of 1.25 m. It has been asumed that the 
strain in the fabric increases linearly within the 
anchor zone. Thus the elongation required to develop 
the tensile force is relatively small. 

Compaction 

Ouring the construction of the granular fill drains it 
is important to compact the fill carefully. The 
compaction will increase the lateral earth pressure and 
therefore the friction between the fabric and the soil. 
Thus the transfer length is then reduced. For a well 
compacted fill a value of k equal to at least 1.0 can 
be used in the calcu'ations of the t!"ansfer length, 
The lateral earth pressure is highly dependent on the 
degree of compaction of the granular fill. 

A second important point with respect to the compaction 
of the granular fill drains is that the compaction 
should be done in the downhill direction in order to 
pretension the fabric. Ir. this way, the elongation of 
the fabric which is necessary to mobilize the required 
tensi le force wi 11 be reduced as weil as the required 
displacement of the slope. 

STABILIZA1ION OF ALANDSLIDE Al NTI 

In the following sections, the remedial works for the 
stabilization of alandslide on the campus of the 
Nanyang Technological Institute (NTI) in Singapore is 
descr1bed. 

The landslide occurred in early 198/1., during aperiod 
of heavy rainfall, on the NTI campus in the western 
part of Singapore. One student dormitory, 810ck E, was 
iocated at the toe of the slope. At the crest were two 
other dormito!"ies. An existing ~:..bble wali which had 
been constructed along the whole length of the slope 
with height varying from 1.70 m to 3.50 m failed during 
the 1 ands 1; de as can be seen in F i 9 4. The average 

, '"." -- ..... _>~ I. 

Fig. 4: SUde at NTI block E showing backscar 
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height of the siope was about 7 m. Ihe inclination of 
the slope was 37° prior to the failure. A scupper 
drai n at the toe of the rubb 1 e wa 11 was damaged and 
closed up as a result of the movement of the slope. 
The ground immediately in front of the displaced rubble 
wall heaved about 200 mm. 

The whole sliding 501 I mass continued to move at a slow 
rate during the rest of 1984. Large cracks appeared on 
the displaced rubble wal i. The total displacement of 
the wall was approximately 700 mm in the end of 1984. 
The toe had moved about 300 mm. 

Site Investigation 

The failed slope was investigated using both weight and 
ram sounding tests. In addition, undisturbed block 
sampies were taken to determine the shear strength a~d 
other properties of the soil in the laboratory SUC1 as 
water content, liquid and plastic limits. 

Ihe weight penetrometer is the most commonly used 
penetration testing method in the Scandinavian 
countries (Broms and Bergdahl. 1982). It is also used 
extensively in Japan as described by Fukuoka (1974) and 
in the Phiii;:>pines. Because of its iight weight, the 
weight penetrometer has been found to be particularly 
useful for investigations of the stability of existi~g 
slopes and of failed slopes which are not conveniently 
accessible to conventional soil investigation equipment 
such as driliing rigs and co ne penetrometers. 
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Cut-slope before 
landslide ----------. 
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rubble wall 
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Ten weight soundings (WST) were carried out at two 
sections through the failed slope in order to locate 
the failure surface (Lim and Yau, 1985). Fig 5 show 
the results along one of the two sections. 

The s10pe ; s composed of residualsoil and highly and 
oornple~ely we~thered sedimentary rocks of the Jurong 
For~atl0n. WhlCh st ehe site is mainly mudrock . The 
graln Slle dlstribution of the s10pe material is 9% 
grav~l (latel'itic). 7% sand and 84% silt and clay size 
~artlc l es. rhe l·quid limit is 56% and plasticity 
, ndex 29% . The average natural wa ter con ent of the 
slide material was 33%, just a few percent above the 
plas tie l i mit. Conso1idated drained direct shear tests 
on block samples of the slide material gave c' = 0 and 
a peak friction angle (.') D~ 26 degrees. Consoiidated 
drained ring shear tests indieated a residual frietion 
angle (.~) of 16 degrees a'1d a residual cohesion (c') 

_ r 
equa ~ to zer~. Thus the residuai friet;on angle WölS 

conslderably lower than the peak friction angle. The 
undrained shear strength (cui w~ ie ~ is highly var'ao1 e 
was determined to be 50 to 100 kPa. 

lhe loeation of the sliding surfaee as inferred froiT' 
the riST resu 1 ts i s shown in Fi 9 5. The depth and the 
shape of the failure surface agree weli with the 
loeations of the sean at the crest and the bulge at :he 
toe of the siope. 
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Fig. 5: Weight sounding test results and failure surface 
- Profile I, NTI block E Slide 
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Remedial Stabilization Works 

The remedial stabilization works at the Block E slope 
consisted of the installation of eight fabric-wrapped 
crushed rock drains. The drains, 0.5 m wide and 1.0 m 
high, are spaced 3.0 m apart. Based on the sliding 
surface shown in Fig 5, and a residual friction angle 
for the soil (~r) of 16°, the required tensile force 
of the geofabric is 85 kN per m of the slope or 255 kN 
per drain. For each drain, four layers of 3.4 m wide 
FOV polyester fabric with a ultimate tensile strength 
of 70 kN/m (238 kN per 1 ayer) at 14% e 1 ongat i on were 
used. The faoric was wrapped around the two sides and 
t~e buttorn of each drain. A cross section of the slope 
with the drains is shown in Fig 6. 

\ll \11 
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The reconstruction of the slope was carried out in May 
and June 19B5. Fi 9 7 and 8 show the progress of the 
construct i on. The up to 4 m deep trenches for the 
drains were easy to excavate using a backhoe at the 
top of the slope (Fig 7). A temporary bench was cut at 
the middle of the slope so that the lower part of the 
trench next to the crib wall could be reached and 
excavated. The granular material in the trench was 
compacted using a plate vibrator (Fig B). Temporary 
supports (struts) are recommended in the trench for 
safe~y during the construction. Horizontal strips were 
olaced in the slope to prevent shallo)'/ slides during 
~he backfilling. Geofabric was also p)aced behind the 
crib wall as a filter. Figure 9 shows the completed 
stabilized slope. The reconstruction of the slope was 
completed in June 1985. The slope has since then 
wi thstood several heavy rai nstorms. No further 

n:: JA; 8 layers of 
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Fig. 6: Slabilization scheme - NTI block E slide 

lhe drains are connected to the crib wall at the lower 
end of the slope for drainage. The crib wall was filled 
with crushed rock to allow discharge of the water from 
the transverse drains. 

Horizontal layers of fabric were also placed in the 
slope between the ground surface and the transverse 
drains to increase the stabi 1 ity of the slope with 
respect to shallow slides above the transverse drains. 
The far end of each fabric strip was anchored in the 
crushed rock dra in. Another 1 ayer of the fabr i c was 
placed along the drains between the horizontal strips 
as a filter to prevent the soil above from being washed 
(eroded) into the drains. 
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movements of the slope or of the crio wall have been 
observed except on one side beyond the stabilized part 
of the slope where a minor sl ip has occurred after 
a heavy ra i nstorm. The cr i b wa 11 has .therefore oeen 
extended in order to stabi 1 i ze also th, 5 part of the 
slope. 

CONCLUDING REMARKS 

Woven geofabri c has been used successful1y in Singapore 
to stabilize a steep slope in residua l so;l ~nd 
weathered rock.. Geofabric was wrapped around dr a:ns 
cons;sting of clean granular material s. The dra~ ns 
were placed in deep uenches olong t~e slope .cuttlng 
across potential s lid i ng surfaces ln the 50,1. The 
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Fig. 7: Trench excavation for drain 

Fig. 9: Completed reconstruction of the slope 

fabric will then function both as a filter around the 
drains and as reinforcement in the slope which will 
increase the stability. 

The appl!cation of the method to increase the stability 
of a _fa'l~d slope on the NT! campus in Singapore is 
descr,bed ,n the article as well as the method that was 
use to eva 1 uate the effect iveness of the drai ns as 
1 ong i tudi na 1 rei nforcement. No further movements of 
the slope have been observed after the installation of 
the drains. 
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Fig. 8: Compaction of crushed 
rock gravel in drain 
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