Subject ID: 113 Preference for oral or poster: Oral

Ground Improvement Works using Prefabricated Vertical Drains for Reinforced Soil Wall
system for Interchange cum Road Over Bridge at Kandla,Gujarat, India

Darshan Upadhyay?, Harsh Raval?, Saurabh Vyas?, and Premal Shah*

1Technical Department, Virat Construction Company, #, Makarba, Ahmedabad 380051, India.
2Technical Department, Techfab India Industries Limited., #, Nariman Point, Mumbai 400021, India.

ABSTRACT

In the present paper, a case study has been discussed of Kutch salt junction, Gujarat, India. For the project,
a complex interchange consisting Road cum Railway Over Bridge with multiple Reinforced Soil Wall
(RSW) approaches is to be prepared. RSW shall be constructed partly over existing road and partly over
virgin soil. The soil profile consisting of very soft clay layer up to greater depth and with higher water level
and SPT N-value less than 10. After considering various ground improvement techniques to support the RS
walls, it is concluded that, ground improvement by means of Prefabricated Vertical Drains (PVDs) with
preloading is most feasible and effective method to expedite consolidation process and thus by reducing
post construction settlement within permissible limit. PVDs consist of a prefabricated strip (core) which is
typically manufactured of polypropylene and both sides have grooves allowing water to flow unimpeded.
The core is wrapped in a strong and durable Non-woven geotextile filter fabric with excellent filtration
properties, allowing free access of pore water into the drain. Prefabricated Non-woven geotextile wrapped
with plastic strips having moulded channels. These act as drainage paths to take pore water out of soft
compressible soils that consolidate faster under an incremental surcharge load. The paper reviews, design
aspect, reading reports of instruments installed i.e. Piezometer, Inclinometer, Surface settlement marker,
Quality of executed work, Outcome at the end of consolidation period, etc. specified as per the design and
successful construction of RS wall above the ground that is improved by PVDs.
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1. INTRODUCTION

In today’s era of development and sustainability,
infrastructure has become the utmost need of
society and the world. Mahmoud et al. (2019) rapid
development relies on robust infrastructure.
However, areas with soft soils with low shear
strength and high compressibility demand

employed across various construction projects
such as highways and roads, bridge abutments,
tank and container yards, land reclamation sites,
and airport developments. Salman et al. (2018)
presented a case study that demonstrates the
effective use of PVDs for reinforced earth wall
embankment, ensuring 80%  consolidation

improvement measures to ensure safe and stable
construction.  Infrastructure is the basic
requirement for rapid development and growth.
For such projects, firm & reliable ground is required.
If existing ground is weak or unsuitable for
construction, ground improvement techniques
need to be adopted. Several ground improvement
techniques are used for different types of problems
such as soil replacement, soil stabilization, stone
columns, sand drains, prefabricated vertical drains,
etc. These techniques helped to achieve desirable
bearing capacity and stability of the soil &
superstructure over it. According to M. F. Maruf
(2022) the PVD technique has been extensively

settlement at the completion of stage | loading.

This research paper showcases the case study
of Prefabricated Vertical drain with preloading at
the top, utilized in the vicinity of Kandla port in
Gujarat state, India. Prefabricated Vertical Drains
are band-shaped drains consisting of an inner
polymer core and an outer Non-woven geotextile
filter jacket, used in the construction of
embankments on soft clays to accelerate the
consolidation process. Construction of an
embankment/structure on the soft ground
causes: a) Increase in pore water pressure, b)
With the lapse of time pore pressure decreases &
effective stresses increase, and c¢) Reduction in
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the volume of soil leads to the settlement.
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Fig. 2 PVD’s sketch
illustrating components with
typical dimensions

Fig. 1 Photograph of PVD

2. PROJECT DESCRIPTION

The Kandla Port is situated on the West Coast of
India, in the Gulf of Kutch and along the West
Bank of Kandla Creek. The port of Kandla is one
of the busiest ports in India as KandlaPort is in the
first position among all the Major Ports in India in
the terms of cargo handling for the most of the
years. The Port is served by Broad Gauge
Railway and also connected to major cities of
India by road. The project is located at near the
Kandla port.

3. PROBLEM STATEMENT

During monsoon season, road that connect to
the Kandla port becomes submerged and creating
difficulties in transportation of cargo. Therefore,
there was a need of interchange consisting cum
Road Over Bridge (ROB) of reinforced soil wall to
handle the traffic. The ROB with multiple
approaches has been suggested in a single bridge.
The Geosynthetic products are very widely used for
ground improvement techniques, reinforced walls
and barrier systems now a days.[2] As a part of
analysis, the soil investigation was carried out on
12 bore logs along the approaches of ROB as
shown in google earth map Fig. 2 a).[3] The soil
investigation reports of these 12 bore logs,
revealed that the resisting soil strata of road cum
railway over bridge approaches for RSW + Geogrid
system, were unable to take the load due to
inadequate SBC (Safe bearing capacity) &
settlement. Therefore, additional 4 bore logs were
executed for further soil investigation near to the
structure as shown in Fig. 2 b). [3] Based on soil
investigation for these four bore logs, it was cleared
that the water present in the soil strata and bearing
capacity need to be improved before construction
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of ROB and its approaches. This research paper
showcases the method of applying Prefabricated
Drains as a part of ground improvement in this
project.

Fig. 2 a) Photograph showing the location of 12 boreholes
along the road
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Fig. 2 b) Photograph showing location of additional 4
Boreholes near the structures.
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4. SOLUTION PROPOSED

Soil reports of initially taken 12 boreholes were

showing that the SPT N-value vey less and
average depth soft clay layer is around15m and
water table is at ground level as given in table 1.
Also, 4 BHs (mentioned in Fig. 2b) were showing
variation in depth of clay with change in location.
To enhance shear strength, rate of consolidation,
and to plunge post-construction settlement,
prefabricated vertical drains are the most effective
solution. In recent times, PVD (Prefabricated
vertical drains) are taking place of ordinary vertical
drains which are consist of a plastic core with
channel shaped grooves, enclosed with
Geosynthetic filters of low weight. Installation of
PVDs and construction of embankment can start
after the construction of an embankment drainage
blanket over PVDs which works as a construction
platform. [4] Then during the installation process,
the PVD designated at driving foot, and the
process gives strong confirmation that the PVD is
firmly attached at the bottom of the layer. PVDs are
used with the assistance of a temporary surcharge.
The design of PVD was conducted with guideline
of codal provisions and IRC. [5,6] Fig. 3 shows the
sectional elevation of Proposed Ground
Improvement Techniques of PVD, designed for this
project. Fig. 4 gives the typical output file of ReSSA
software with typical Input parameters for this
project.
The Time period for consolidation is calculated as
per HANSBO's equation. Whereas, the estimated
settlement with surcharge height of preloading for
approaches of RSW height class is mentioned in
Table 2.

Table 1. Designed Details of PVD proposed in the project

Maximum RS Wall Height 13.1m
Thickness of Soft Layer Considered 150m
Estimated (Max.) Settlement 632 mm
Width of TechDrain (PVD), b 100 mm
Thickness of TechDrain, t 4 mm
Spacing of TechDrain in Triangular pattern | 1.0 m
Waiting Period for Consolidation 73 days

Table 2. Estimated Settlement and Surcharge Height for
Preloading for RSW height class

RS wall height, Estimated Surcharge height for
(m) Settlement (mm)|  preloading (mm)
13.1 632 10.0
12.0 608 9.0
11.0 585 8.0
10.0 560 8.0
9.0 534 7.0
8.0 505 6.0
7.0 474 5.0
6.0 440 4.0
5.0 403 4.0
<4.0 361 3.0
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Fig. 3 Sectional Details of Proposed Ground Improvement
Using PVD for RS wall system
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Fig. 4 Typical output file of ReSSA software with typical
input parameters for this Project.

5. INSTRUMENTATION USED DURING PERIOD
OF THE CONSOLIDATION

The periodical readings were taken during the
entire consolidation period.

1. Porous tube piezometer: Monitoring of ground
water table has assumed great significance in
view of depleting ground water reserves. The
basic measurement of ground water level can
be done by installing porous tube piezometers.

2. Digital Inclinometer: Determination of lateral
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movement and deformation of earth works or
structure. Measurement of magnitude of
inclination or tilt and its variation with time in
structures like retaining/diaphragm walls, piles,
etc.

3. Settlement gauge: Settlement gauges are used
for monitoring vertical settlement on the surface
of embankments & soil mass, etc.

For the precise monitoring of the particular 290m
stretch, we have installed 2 piezometers, 1
Inclinometer (at maximum height) & 1 settlement
gauge (at maximum height). Readings were taken
on periodically in order to monitor the
consolidation process.

6. PERFORMANCE ANALYSIS

Fig. 4 shows the reading of Piezometer installed
for measuring ground water table. Fig. 5 shows the
settlement analysis of settlement gauge with
respect to time period. Fig. 6 gives the typical
output file of ReSSA Software for the given project.
Whereas Fig. 7 shows the Inclinometer Readings
for Measurement of magnitude of inclination or tilt
and its variation with time in structures.

Standpipe Piezometer-1
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Fig. 5 Readings of ground water table (m) in Piezometer
with respect to time (months)
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Fig. 6 Settlement analysis (mm) in Settlement Gauge with
respect to time period (months)
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Fig. 7 Measurement of magnitude of inclination or tilt and its
variation with time in structures

Fig. 8 Dis
effective preloading & Consolidation Process

Fig. 9 Construction of RS wall under progess
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Fig. 10 Construction of RS wall started after successful
completion of ground improvementwork with PVD

Table 3. Improvement in the SBC in the various
sections of the Interchange (Earthquake zone: V
(Severe) as per Indian Standard)

Approaches| SBC before SBC SBC
of the Ground required as |achieved after
Interchange| improvement per the the end
(KPa) design of the
(KPa) consolidation
period (KPa)
B-D & D-A 128.6 446 565.03
Kandla
Bypass side
B-D & D-A 128.6 473 794.31
Kandla port
side
B-A 73.58 410 682.53
E-B Al Pier 73.58 367 413.10
E-B A2 Pier 73.58 367 455.66
E-C Nehru 67.86 379 484.30
Gate
C-E Nehru 67.86 379 469.50
Gate
D-A(VUP) 66.10 379 451.00
Gandhidham

7. CONCLUSION

The pore water pressure in the middle of the
embankment is proportional to change in-depth for
PVD’s but still, the drainage capacity of the vertical
drains is many times higher than needed. PVD’s
installed to increase the rate of settlement and
secondary settlement gets lower by temporary
surcharge. Due to the effective & precise outcome
of PVDs, there is no sign of post construction
settlement even after 24 months & despite the
constant movement of the multi axle heavy loaded
vehicles on daily basis. The result shows that the
minimum 4 times the bearing capacity has been
improved as compared to initial soil bearing
capacity.
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