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1 INTRODUCTION 

Mechanised sand quarries operating in the Old Alluvium of Sin-
gapore left ponds filled with silt and clay in suspension, after 
washing them off the sand used in the construction industry in 
early days. Among them was a 5.6 ha pond, about 12- 15m deep, 
which was required to be reclaimed for sand and granite stock-
piling. The pond consisted of silt and clay in stable suspension. 
The water was pumped out through a geosynthetic filter and the 
concentrated silt and clay were confined to smaller ponds of 
depths up to 5-6 m. The silt and clay slurry mix is approximately 
60:40; with quartz and feldspar forming the silt, while a mixture 
of kaolinite, illite and mixed-layer clay minerals formed the clay. 
The high proportion of mixed-layer clay minerals contributed to 
high swelling and compressible characteristics of the clay. Silty-
clay slurry has Atterberg limits of WL = 150, PL = 40 and about 
50% passing 2µm. Compression index (Cc/(1+eo) was about 1.5 
to 3.5.  

The dredging and removal of silty clay for reclamation of the 
pond was not considered on environmental issues and lack of 
proper dumping grounds which are both scarce and expensive. 
The reclamation solution adopted was in-situ capping of the silty 
clay with geotextile fabric of large elongation and adequate 
strength to meet the requirements of large settlements under the 
heavy stockpile. Seventeen smaller ponds were first created 
within the large pond by building earth embankments using in-
situ residual soils. Each geotextile (Polyfelt, TS 80: nonwoven 
Polyester, 80 kN/m at 60% strain) sheet sewn to a size of 40m by 
30m was then lifted over the small ponds and anchored with an 
all round earth bund 1m wide and 1m high. This was followed 
by construction of smaller bunds across the pond atop the geo-
textile. Lightweight construction machinery was deployed for 
construction over the geotextile placed at about level of 108 m 
RL, for about 1 to 1.5m above the geotextile. Normal machinery 
was subsequently used for the filling and compaction to a cap-
ping level of 114 m RL. Above this platform, granite stockpile 
was to be raised to a maximum height of 25m. 

For staged construction of the granite and sand stockpile, in-
struments such as inclinometers, peizometers, settlement plates 
at geotextile level, and extensometers were monitored once a 
week to gage the performance and stability of the capping sys-
tem. The field data are used to form the basis for controlled con-
struction of the the granite stockpile and todate the stockpile has 

reached a height of 25m without any instability problem. At this 
juncture, observed settlements of geotextile layer ranged from 
500mm to about 1500mm, and inclinometer data indicate the 
partitioning bund lateral displacements ranged from 100mm to 
350mm.  

2 SITE DESCRIPTION  

The project site was a defunct sand quarry located off Tampines 
Avenue 10 in Singapore. Since the termination of the sand quar-
rying operation in 1991, the site had been vacated and left be-
hind with an approximately 5.6 ha-water pond as shown in Fig-
ure 1 and 2, hidden around by steep sloping grounds and thick 
tropical vegetation.  Through the years, the pond had been col-
lecting silt and clay through sediment transport by nearby 
streams and surface runoff.   

Figures 1 and 2  Tampines silt pond 

3 CONSTRUCTION SEQUENCE  

The work started by trimming down the surrounding high 
grounds to provide accessibility to the pond level as shown in 
Figure 3.  Part of the periphery of the pond was reclaimed using 
the excavated residual soils within the project site and followed 
the reafter by the construction of a wide perimeter earth drain 
within the reclaimed area to divert all the incoming flows. Pump-
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ing from the large pond was carried out using two 300mm-
diameter pumps to draw out the supernatant water until the water 
level was near the silty-clay slurry as shown in Figure 4.  

The work continued by constructing a 20m wide earth em-
bankment across the middle of the pond coinciding with the old 
sand-quarrying platform. Further branching out of earth 

Figure 6. Subdivision into 17 small ponds by earth bunds 

embankments from the main earth embankment subdivided the 
pond into 17 smaller and manageable ponds (Figure 5 and 6). 

Capping was accomplished by employing long arm excava-
tors to lift a piece of prepared geotextile over the silt pond (Fig-
ure 7).  Anchored at one side from one end of the pond, the sheet 
of prepared geotextile was nicely spread over to the other side by 
the long arm excavators with the provision of about 1m width of 
geotextile for the perimeter anchorage (Figure 8).  1m wide and 
1m high of earth bund was then formed around the periphery of 
the pond using the excavated residual soil (Figure 9). 

The geotextile capping was followed by construction of “fin-
ger berms” of about 300mm high and 1m wide across the smaller 
subdivided pond atop the geotextile using the same long arm ex-
cavators.  These intermediate berms were widened progressively 
from either side to cover the entire geotextile.  During the con-
struction, the height of the berm and the behaviour of the geotex-
tile were monitored closely to prevent over-filling.  Sandy mate-
rials were used for the first 300mm thickness of the backfill to 
facilitate seepage of water across the geotextile.  Settlement 
plates were placed at the centre of the every capped pond, at 
300mm above the geotextile level.  Lightweight bulldozers were 
deployed after 1m to 1.5m of fill was placed over the geotextile 
for subsequent filling operations. Backfill material was taken 
from the Old Alluvium formation. Conventional earth moving 

and compaction machinery was subsequently used for the filling 
and compaction work. 

Figures 7 to 9. Sequence of geotextile capping 

4 GROUND INSTRUMENTATION 

Figure 10. Instrumentation of capped ponds  

To monitor the performance of soil improvement within the geo-
textile capped ponds during the backfill of earth and the 25m 
high granite stockpile, a detailed instrument plan was installed as 
in Fig.10.  

Figure 3.  View of the pond after trimming

Figure 4.  Construction of main earth embankment across the middle of the pond after dewatering

Figure 5.  Subdivision of the Large Pond into Smaller and Manageable Ponds
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There were in total: 17 settlement plates, one above the geo-
textile cap of each pond, 6 piezometers, 4 water standpipes, and 
7 inclinometers. These instruments serve as indicators of ponds 
stability during the rapid granite stockpiling operation. 

5 GRANITE STOCKPILING HISTORY 

The pond capping and granite filling took place over a period of 
950 days. For most of the ponds, the soil capping starts at RL 
108m, and finished at RL 114m, giving a 6m thick compacted 
soil capping above the TS80 geotextile layer. The capping was 
constructed with available residual soil from the site, and com-
pacted in lifts of 300 mm, being completed over a period of 350 
days. Subsequently, granite stockpile was built up uniformly up 
to RL 120m over the next 400 days. Finally, the granite hill was 
formed to RL 129 m in the last 200 days. 

GRANITE FILL HISTORY
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Figure 11.  Pond capping and granite fill history 

The settlements of the center of each ponds above the geotex-
tile layer was monitored during the whole operation. Some of the 
settlements of the pond capping during the granite filling were 
shown in Fig. 12. The settlements due to granite stockpile load-
ings only ranged from 0.5m to 1.5m for the 17 different ponds, 
with varying pond sizes and pond depths. 
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Figure 12. Settlements of capping during cranite filling 

6 PLAXIS FEM ANALYSIS OF GRANITE STOCKPILE 

The FEM mesh of the equivalent 2D ponds model through the 
center of the site is shown in Fig.13. 

The silt ponds were modelled with the Plaxis Soft Soil model 
(equivalent to Critical State type plasticity), using measured 
compression index values, Cc of 0.47 to 1.5 for various ponds. 
The ratio of kh/kv varies from 2 to 5. The compacted capping 
and granite materials were modelled with the simple Mohr-
Coulomb model with appropriate soil parameters of c’=5 kPa, 
φ’=32o, E’=20,000 kPa, ν’=0.3 for capping soil, and c’=0.1 kPa, 
φ’=45o, E’=50,000 kPa, ν’=0.3  for granite stones. 

The comparison of computed and measured settlements of 
Ponds 6-9, 15 and 16 immediately after completion of granite 
stockpile to 25m height is shown in Fig.14. The capping, and 
granite stockpiling were modelled as undrained loadings fol-
lowed immediately by consolidation computations for the dura-
tion of each fill lift in small thin lifts to accurately model the soil 
response during fill construction. Good agreement was achieved 
between field measurements and FEM computations. 

Settlements on 15-Aug-2001
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Figure 14. Settements of ponds after 25m granite filling 

The settlement response for Pond 7 with the process of gran-
ite filling was shown in Fig.15. Reasonable agreement of field 
observation and FEM computations can be observed. 

25m Granite Stockpile

Ponds: 16      15           9            8            7           6

Figure 13. FEM mesh of granite stockpile 
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Figure 15. Settlements of Pond 7 

The geotextile responses to granite filling were depicted in 
the settlements and slippage of geotextiles with the progress of 
construction. For the case of Pond 16, the FEM model geotextile 
settlements were shown in Fig. 16. The figure showed that with 
about 1m embedment of geotextiles from the pond edge, ade-
quate anchorage is obtained for 6m soil capping plus 25m gran-
ite fills. 
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Figure16. Geotextile settlements at Pond 16 

Figure 17 showed the FEM tensile force in the geotextile of 
Pond 16 during 3 stages of filling. At the end of stage of 6m 
thick pond capping, the maximum tensile force is about 0.4 
kN/m. For TS80, with EA of 28 kN/m, this meant a maximum 
strain of 1.4%. At the next stage, granite fill reached a height of 
4m at RL 118m, and the maximum tensile force obtained is 0.8 
kN/m, corresponding to a maximum strain of 2.8%. Clearly high 
strength geotextiles is not a requirement for this kind of applica-
tion. The main function of the geotextile is to serve as a separa-
tor and a filter for the consolidation of the silt slurry in the pond. 
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Figure17. Pond 16 geotextile tension  

For the filling from RL 118m to RL 128m there was no fur-
ther increase in geotextile tension, as Pond 16 is loaded with 
granite to a maximum fills elevation of RL 118m. Although ad-
ditional consolidation settlement is taking place, additional 
straining of geotextile is not occurring as seen by the settlement 
of the left-hand edge of Pond 16 on Fig.16, thus no additional 
tension is mobilised in the geotextile subsequently. 

7 CONCLUSIONS 

A quarry pond was successfully capped with light nonwoven 
geotextile of EA=28 kN/m and mass of 385 g/m2. From the field 
performance, it was evident that the primary function of geotex-
tile is to serve as a separation and filtration layer to allow for the 
consolidation of the silt slurry within the pond. By strategically 
portioning the large pond into 17 smaller ponds, efficient geotex-
tile capping was achieved and a 25 m high granite stockpile was 
constructed safely on top of the disused pond. PLAXIS FEM 
analysis can be used to model the capping and the response of 
geotextile to granite fill loads. By appropriate choice of soil 
model and parameters, the consolidation settlement response of 
the capped silt ponds was reasonably computed to agree with 
field behaviour. 
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