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Abstract

The quality management of Prefabricated Vertical Drain (PVD) material installation in ground improvement works in land reclamation projects
is a critical task for designers, contractors and clients alike. Only if a good quality management system is established, can the expected
performance of the PVD improvement works in the field be ensured. A case study of quality management of PVD materials in the mega Changi
East land reclamation Project in the Republic of Singapore is presented in this technical report. The quality management of PVD works consisted
of several processes, starting from selection of the type of PVD, properties of the PVD materials and ultimate performance verification in the
field. This paper describes selection of PVDs against the comprehensive specification adopted in this project. The paper also describes the
selection of the PVD installation rig and accessories based on the in-situ ground conditions. Test results from quality control test laboratories such
as tension, permeability and discharge capacity are also presented and discussed. This paper seeks to set a benchmark for material quality
management of PVD works in large-scale PVD ground improvement projects.
& 2015 The Japanese Geotechnical Society. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction

PVDs are increasingly being used as the preferred ground
improvement option in mega land reclamation projects on soft soil
or ultra-soft soil deposits, particularly in Asia (Arulrajah et al.,
2009; Bo et al., 1999, 2011, 2014; Bergado et al., 2003; Chu et al.,

2006, 2009). This is because they are economical, simple to install
and readily availability. PVDs are particularly suitable for projects
that have long construction durations, since this ensures sufficient
time for the required degree of consolidation to be attained. PVDs
are often used in locations with thick deposits of soft soil in marine
or estuarial environments. PVDs are implemented with a combina-
tion of surcharge preloading (Arulrajah et al. 2004a, 2004b; Bo
et al., 2012; Indraratna et al., 2005; Wu et al., 2015) or vacuum
preloading (Rujikiatkamjorn et al., 2007) to induce the occurrence
of consolidation settlement during the construction period and to
minimize post construction settlement.
The Changi East land reclamation project in the Republic of

Singapore, undertaken from 1992 to 2005, was a mega land
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reclamation and ground improvement project. Approximately
140 million linear meters of PVD were installed in this project
in an area totaling approximately 1000 ha. Due to the large
quantity of drains which needed to be installed, it was not
practical to solely rely on one specific type of PVD supplied
from a single source and installed by a single contractor. As
such, various types of PVD and several installation contractors
with different types of installation rigs were deployed in the
project. A rigorous quality management system was adopted in
the project to ensure the performance verification of PVDs in
the field. The quality management system implemented
included controlling the quality of PVDs at every stage of
the project inclusive of commencement, selection of PVD
materials and ending with the installation of PVDs.

The stages of the adopted quality control process in PVD
works in this project were as follows: (i) selection of material
against specification; (ii) planning and deployment of suitable
type of vertical drain rig, including special type of rigs required

for difficult ground conditions; (iii) selection and quality
control of accessories such as mandrels and anchors; (iv)
quality control of PVD material; (v) quality control of PVD
installation. This process of quality management for all these
stages of PVD implementation in Changi East land reclamation
project is described in this paper.
For the quality management of PVD materials, three types

of laboratory testing organizations were adopted: an on-site
laboratory, a research laboratory and a third party laboratory.
The on-site laboratory was used to carry out two types of test
such as discharge capacity and tensile strength tests since these
are essential parameters for vertical drain performance and the
strength required to withstand penetration force. Discharge
capacity is a critical parameter for vertical drain performance
(Bo, 2004; Bo et al., 2007; Sharma and Xiao, 2000; Sprague,
1995; Tripathi and Nagesha, 2010) and the tests to determine
this can be undertaken in the laboratory (Bergado et al., 1996)
or carried out by in-situ testing or instrumentation in the field

Table 1
Various Specifications called by varios clients.

Description Unit Standard Nether land Singapore Thailand Hong
Kong

Malaysia Taiwan Australia Finland Greece

Stable layer less
than 10 m thick

Unstable layer larger
than 10 m depth

With mm ASTM 100 100 100 W/T
50:1

95 100 100 100 100

Thickness mm D1777 3–4 3 3–6 43 43
Tensile
Strength
(Dry)

kN ASTM 40.5 40.5 41
(10%)

40.5 42 41 41

(Wet) kN D4595 40.5 40.5 41
(10%)

42 41 41

Elongation % 2–10 (0.5 kN) 2–10 (0.5 kN) o30
(1 kN)

o20
(Yield)

15–30

Discharge
capacity

m3/
s� 10�6

ASTM 410 450 425 416 45 46.3 410 4100 410 410

Straight D4716 350 kPa 350 kPa 351 kPa 200 kPa 200 kPa 400 kPa 300 kPa 300 kPa 100 kPa
30 days 30 days 28 days 7 days

i¼1 i¼1 i¼1 i¼1
Discharge
capacity

m3/
s� 10�6

47.5 432.5 410 46.3

Floded 350 kPa 350 kPa 400 kPa
30 days 40 m

Crushing
strength

kN/m2 500

Equivalent
diameter

mm 50 65

free surface
filter

mm2/m 150,000

Elongation % o30
(3 kN)

o40 415

Tear strength N D4533 100 4300 4250 4380
Grab strength N D4632 4350
Puncture
strength

kN D4833 4200

Bursting
strength

kPa D3785 4900

Poresize O95 mm D4751 o160 o80 o75 o90 o120 o75 o90
Permeability mm/s D4491 40.05 40.1 40.01 40.1 40.17 40.5
Permittivity s�1 40.005 40.005 40.005
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