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Abstract

Prefabricated vertical drains (PVDs) are widely employed in ground improvement to
accelerate soil consolidation by facilitating pore water dissipation. With increasing emphasis
on sustainable engineering, natural fiber-based PVDs (NPVDs) are gaining attention due to
their biodegradability, cost-effectiveness, and widespread availability. This study presents a
comprehensive evaluation of the hydraulic properties of natural fibre coir, jute, and kenaf

compared to conventional polypropylene (PP) fibers commonly used in synthetic PVDs.

Hydraulic conductivity tests were conducted in accordance with ASTM D4716 under varying
porosity levels (0.80, 0.90, and 0.95) and hydraulic gradients (0.5, 1.0, and 2.5). Among the
tested fibers, coir exhibited the highest hydraulic conductivity, followed by jute and kenaf.
The porosity of the fibrous media significantly influenced the water discharge rates. Over
time, natural fibers demonstrated a decline in performance, whereas polypropylene

maintained relatively stable conductivity.

The drainage behavior of NPVDs was further assessed through the wicking and siphon
performance of their constituent yarns under both dry and wet conditions. Coir yarns exhibited
rapid initial wicking, while jute yarns achieved higher wicking heights and greater overall
distances. Wet yarns displayed superior wicking performance, indicating enhanced capillary
transport due to increased saturation. Capillary siphon tests revealed that coir yarns discharged
a greater volume of water, while jute yarns exhibited higher permeability. Parallel
configurations of coir and jute yarns yielded improved water discharge compared to wrapped

configurations.



Soil clogging, a critical factor limiting long-term performance of PVDs in field conditions,
was evaluated using Delhi silt and kaolinite clay slurries. Results indicated a reduction in
wicking and discharge capabilities due to clogging, with Delhi silt exerting a more pronounced
adverse effect than kaolinite. Despite clogging, coir yarns retained siphon discharge for longer
durations due to their larger capillary channels. Higher slurry concentrations further decreased

the wicking height and rate in both yarn types.

Based on the complementary hydraulic properties of coir and jute yarns, a novel natural-fiber-
based Green Prefabricated Vertical Drain (GPVD) was developed. Three GPVD prototypes
were fabricated using various combinations of coir and jute yarns with a woven jute sheath.
Among these, GPVD-B comprising coir and jute yarns in parallel within a woven jute sheath
exhibited the highest water discharge capacity. Performance evaluations under different
confining pressures (10, 50, 100, and 200 kPa) and hydraulic gradients (0.1, 0.5, and 1.0)
demonstrated that GPVD-B outperformed conventional NPVDs up to 100 kPa, with a slight
decline in performance beyond this pressure. Kaolinite clay caused a greater reduction in
discharge capacity than Delhi silt, although the performance of GPVDs stabilized over time

under both conditions.

The biodegradability of GPVDs was assessed over a six-month period in three environments:
Delhi silt, kaolinite clay, and tap water. Results indicated faster degradation in tap water and
kaolinite environments, while decomposition proceeded more slowly in Delhi silt. Synthetic
PVDs retained higher residual tensile strength than GPVDs. However, the decomposition of
GPVDs had minimal impact on soil and water pH, slightly lowering it toward neutral. Soil
fertility index (SFI) marginally declined after GPVD degradation but remained within

acceptable limits.

il



Overall, this study provides critical insights into the hydraulic behavior, clogging resistance,
and biodegradability of natural-fiber-based PVDs, demonstrating the technical viability of
GPVDs as sustainable alternatives to synthetic PVDs in geotechnical engineering

applications.
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