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ABSTRACT: This paper deals with the discharge and absorption capacity tests conducted in the laboratory on newly 
developed and fabricated four different types of prefabricated vertical drains (PVDs) made from combination of both 
natural and polymer geotextiles, commercially available polymer-based PVD and natural PVD. The newly developed PVDs 
are made from single layer nonwoven polyester sheath as filter wrapped around a core of coir ropes or coir mats and single- 
layer nonwoven jute sheath as filter wrapped around a core of cardboard or corrugated polyester, designated as composite 
prefabricated vertical drains (PC - PVD, PN – PVD, JC - PVD and JP - PVD). The natural PVD is made from single-layer 
nonwoven jute wrapped around a core of coir ropes. The rubber-membrane-confined short term discharge capacity tests 
were conducted at different compressive stresses and hydraulic gradients. The test results of the composite PVDs are 
compared and discussed, with the results from polymer based PVD and natural PVD. 
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1 INTRODUCTION 

Soft soil stabilization using prefabricated vertical drains 
(PVDs) are applied worldwide. The use of PVDs along 

with pre-compression accelerates the primary 
consolidation of soft soil. The commercially available 

synthetic PVDs have both filter and core made with 

polymer materials and is not biodegradable. The 
increasing environmental awareness and sustainability, 

and the high cost of petroleum products, are lead to the 
utilization of substitutes made from natural products 

(Balan, 1995, Banerjee & Kumar, 2000, Beena & Babu, 
2007, Asha & Mandal , 2012 and Asha & Mandal, 

2014). Natural materials like jute and coir are 
biodegradable in nature having high water absorption 

capacity, filtration capacity and low cost (Banerjee & 
Kumar, 2000, Asha & Mandal , 2012 and Asha & 

Mandal, 2014). But natural PVDs have less discharge 
capacity than commercially available PVDs (Balan, 

1995, Banerjee & Kumar, 2000, Beena & Babu, 2007, 
Asha & Mandal , 2012 and Asha & Mandal, 2014). For 

commercially available PVDs, the filter materials 
exhibit small opening size and less absorption capacity 

but are almost free from clogging, and core structure 
will not flatten during the consolidation process. So it 

has high vertical discharge capacity hence exhibit high 
efficiency (Banerjee & Kumar, 2000, Asha & Mandal , 

2012 and Asha & Mandal, 2014). The use of natural 
and synthetic geotextiles together in the development of 

PVDs can combine the advantage of both, are named as 
composite PVDs. In the present paper, the discharge 

and absorption capacity of four different types of newly 
developed and fabricated composite PVDs were studied 

and compared with commercially available PVD and 
natural PVD in detail. 

2 COMPOSITE PREFABRICATED 

VERTICAL DRAINS 

The newly developed and fabricated four different types 
of composite prefabricated vertical drains are shown in 

Figure 1, and these composite PVDs are compared with 
a natural PVD and a commercially available polymer 

PVD. The physical properties of all the PVDs are given 
in Table 1. 

Among four composite PVDs, two of them had 
nonwoven needle punched adhesive bonded polyester as 

filter sheath and the other two had nonwoven jute as 
filter sheath. First composite PVD is made from single 

layer nonwoven polyester as filter sheath wrapped 
around a core of coir strands of five numbers and each 

coir strand was separated by longitudinal stitches 

designated as PC - PVD. Second composite PVD is 
made from single layer nonwoven polyester as filter 

sheath wrapped around a core of nonwoven coir 
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designated as PN – PVD. Third composite PVD is made 

from single layer nonwoven jute as filter sheath 
wrapped around a core of corrugated cardboard 

designated as JC – PVD. The fourth composite PVD is 
made from single layer nonwoven jute as filter sheath 

wrapped around a core of corrugated polyester 
designated as JP – PVD. The natural PVD is fabricated 

from single layer nonwoven jute as filter sheath 
wrapped around a core of coir strands of five numbers 

and each coir strand was separated by longitudinal 
stitches designated as NPVD. The commercially 

available synthetic polymer PVD had nonwoven 
polyester filter sheath and corrugated polyester core 

structure designated as PPVD. 

Table 1 Physical Properties of PVDs 

 

 

Fig. 1 Prefabricated vertical drains: (a) PC – PVD, (b) PN 
– PVD, (c) JC – PVD, (d) JP – PVD, (e) NPVD and 
(f) PPVD. 

3 DISCHARGE CAPACITY TESTS 

Discharge capacity of all the PVDs confined in a rubber 

membrane, were conducted in the laboratory in 

discharge capacity test apparatus fabricated by the 
guidelines provided in ASTM D 4716 and Asha & 

Mandal, 2012. The apparatus is a rectangular steel 
configuration consisting of bottom unit, top unit and a 

loading plate. The internal dimensions of bottom unit is 
200 mm x 100 mm and  an internal dip of 25 mm. 

Bottom unit consist of small inlet and outlet weirs for 

the entire width and the inlet weir is connected to a 

constant head water tank. The internal depth of the top 
unit is 25 mm. A rectangular loading plate of 150 mm x 

100 mm x 25 mm is inserted into the top unit and the 
units are held together by screw connections. The test 

set-up is shown in Figure 2. 

200 mm long sample is soaked in water for 24 h and the 

rubber membrane wrapped sample is placed at the weir 
top level of bottom unit. The gap between the sample 

and the base of the bottom unit is sealed using thick 
rubber sheets. Another rubber membrane is placed at 

the bottom of top unit and the loading plate is placed, 
then the screws are tightened. The test is conducted at 

normal compressive pressures of 10, 50, 100 and 250 
kPa with varrying hydraulic gradients 1, 0.5, 0.25 and 

0.1. A constant head water tank is used for passing 

water through the sample and water is collected at outlet 
using a measuring jar. The time required to collect 

water is noted and  the discharge capacity is calculated 
by dividing the quantity of water collected in the 

measuring jar per unit time by the hydraulic gradient. 

 

Fig. 2 Discharge capacity test set - up 

4 ABSORPTION CAPACITY TESTS 

The water absorption capacity of the composite PVDs, 
PPVD and NPVD were determined according to ASTM 

D 1117 and Asha & Mandal, 2012. The test method is 
designed to determine the water absorption capacity of 

PVDs with time. 200 mm long PVD specimen is used 
for the test. The dry weight of all PVD specimens are 

noted. Then all the PVD specimens immersed in a 
plastic container of 100 mm deep, containing water at 

85 mm deep. The PVD specimens removed from water 
and wet weight is noted after soaking periods of 2, 4, 8, 

16, 24 or 32 h. The specimens are allowed to drain in 
vertical position for 10 minutes before taking the wet 

weights. The specimens immersed in water are shown 
in Figure 3. The water absorption capacity of PVD 

specimen is calculated by dividing the difference 
between the wet and dry weight of PVD by the dry 

weight of PVD. The absorption capacity of all PVDs 
were found and reported as percentage of dry weight. 

Property 

(Unit) 

Type of PVD 

PC – 

PVD 

PN - 

PVD 

JC - 

PVD 

JP - 

PVD 
NPVD PPVD 

Width (mm) 100 100 100 100 100 100 

Mass per unit 

length (g/m) 
48 62 219 227 215 102 

Thickness at 

20 kPa (mm) 
4 7.5 10 9.5 17 5 
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Fig. 3 PVD specimens immersed in water: (a) PC – PVD, 
(b) PN – PVD, (c) PPVD, (d) JP – PVD, (e) JC – 
PVD and (f) NPVD. 

5 TEST RESULTS AND DISCUSSION 

5.1 Discharge capacity tests 

The discharge capacity of Composite PVDs, NPVD and 
PPVD against normal compressive pressure at different 

hydraulic gradients 1, 0.5, 0.25 and 0.1 is shown in 
Figure 4. The discharge capacity of all the PVDs 

decreases with the increase in compressive pressure at 
all hydraulic gradients. The discharge capacity increases 

with decreasing hydraulic gradient for composite PVDs, 
NPVD and PPVD. 

The discharge capacity of PPVD is almost same under 
different compressive pressure at constant hydraulic 

gradient due to stiff core structure, and increases with 
decreasing hydraulic gradient. The discharge capacity 

of PC – PVD is almost similar or greater than the 

discharge capacity of PPVD at 10 kPa, but decreases 
with increasing pressure.The higher discharge capacity 

of PC – PVD at lower pressure is due to the gaps 
present around the coir strands. Among composite 

PVDs, lowest discharge capacity was observed for JC – 
PVD, which is lower than NPVD. Beyond 200 kPa, the 

discharge capacity of JC –PVD was almost negligible. 
The discharge capacity of PC – PVD and JP – PVD is 

higher than NPVD but lesser than PPVD. The discharge 
capacity of JP –PVD is almost same under different 

compressive pressure similar to PPVD, because both 
PVDs have same core structure. The discharge capacity 

of PN – PVD decreases with increasing compressive 
pressure. The discharge capacity of PC – PVD, NPVD, 

PN – PVD, and JC – PVD decreases with increasing 
compressive pressure, because the corresponding core 

structures such as coir core, nonwoven coir and  

 

Fig. 4 (a) Discharge capacity of Composite PVDs, NPVD 
and PPVD with pressure at hydraulic gradient = 1 

 

Fig. 4 (b) Discharge capacity of Composite PVDs, NPVD 
and PPVD with pressure at hydraulic gradient = 0.5 

 

Fig. 4 (c) Discharge capacity of Composite PVDs, NPVD 
and PPVD with pressure at hydraulic gradient = 0.25 

 

Fig. 4 (d) Discharge capacity of Composite PVDs, NPVD 
and PPVD with pressure at hydraulic gradient = 0.1 
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cardboard are compressed as the compressive pressure 

increases. 

The variation in discharge capacity with increasing 

compressive pressure is almost the same in the 
composite PVDs, NPVD and PPVD at all hydraulic 

gradients. Except PC – PVD, the reduction in discharge 
capacity of all other PVDs is gradual with increasing 

compressive pressure.   

5.2 Absorption capacity tests 

The absorption capacity of Composite PVDs, NPVD 

snd PPVD against time are shown in Figure 5. JC – 
PVD and NPVD have maximum absorption capacity. 

JC – PVD has maximum absorption capacity of 7.16% 
of its dry weight at 24 h and NPVD has maximum 

absorption capacity of 6.64% of its dry weight at 24 h. 
This is due to the hygroscopic nature of  nonwoven jute 

sheath. The absorption capacity of JP – PVD was 
4.29%, PC – PVD was 3.93% and PN – PVD was 3.7% 

of its dry weight at 24 h. PPVD has lowest absorption 
capacity of 1.8% of its dry weight at 24 h. Among 

NPVD, JC – PVD and JP – PVD, the lowest absorption 

capacity was found for JP – PVD due to the corrugated 
polyester core structure. For PC – PVD and PN – PVD, 

absorption capacity was almost same, and is due to the 
absorption capacity of coir core structure. After 2 h of 

soaking period in water, all the PVDs reached their 
maximum absorption capacity, and after that the 

increase in absorption capacity was negligible. 
Therefore a minimum 2 h of soaking in water is 

sufficient to saturate the composite PVDs, NPVD and 
PPVD. 

 

Fig. 5 Absorption capacity of Composite PVDs, NPVD 
and PPVD against time 

6 CONCLUSIONS 

Four composite PVDs and one natural PVD newly 
developed and fabricated were tested for discharge and 

absorption capacity with increasing normal compressive 

pressure and compared with commercially available 
polymer PVD. 

 The Discharge capacity is maximum for PPVD 

than all composite PVDs and NPVD. Except PPVD 
and JP – PVD, the rate of reduction in discharge 

capacity is greater for all other PVDs. For PPVD 
and JP –PVD, the discharge capacity is almost 

same with increase in compressive pressure due to 
stiff core structure. 

 The lowest discharge capacity was observed for JC 
– PVD, and the rate of reduction in discharge 

capacity is more, and beyond 200 kPa the discharge 
capacity was almost negligible. 

 The rate of reduction in discharge capacity is 
maximum for PC – PVD due to the gaps present 

around the coir strands.  
 The variation in discharge capacity with increasing 

compressive pressure is almost the same in the 

composite PVDs, NPVD and PPVD at all hydraulic 
gradients. 

 The absorption capacity is maximum for JC – PVD 
and NPVD, due to hygroscopic nature of jute 

sheath. PPVD has minimum absorption capacity. 
After 2 h of soaking period in water, all the PVDs 

reached their maximum absorption capacity, and 
after that the increase in absorption capacity is 

negligible. Therefore a minimum 2 h of soaking in 
water is sufficient to saturate all the PVDs. 
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