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ABSTRACT: Construction on soft ground area is a great challenge in the field of geotechnical engineering. Many 

engineering problems in the form of slope instability, bearing capacity failure or excessive settlement could occur either 

during or after the construction phase due to low shear strength and high compressibility of this soil. Kerala PWD Roads 

Division was constructing a road from Nattakom to Thiruvathukkal in Kottayam District. The alignment of the road 

passes through low lying paddy fields of Kuttanad region, where the road is carried on embankment. As part of this 

project, two new bridges with approach embankment were constructed after improving the ground with PVD- one at 

Gramenchira and other at Parechal. The earthwork of embankment was completed up to the top level and GSB layer of the 

pavement was also done in Parechal area. On the verge of completion the distress started forming in both the approach 

embankments in the form of large settlements and movements of the embankment.  The causes of failure and proposed 

rehabilitation work for the embankment is discussed in this paper briefly. Multiple-driven Fiber reinforced Columnar 

Intrusion techniques,  which has been found highly effective for the rapid improvement of soft clays, was adopted  for 

stabilizing the foundations of the approach embankments. 
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1. INTRODUCTION 
 

Kuttanad is an area covering districts of Alapuzha, 

Kottayam and Pathanamthitta in Kerala. It is well 

known for its vast paddy fields and geographical 

peculiarities.  Interestingly this region has the lowest 

altitude in India  and farming is carried out at around 

1.5 to 3.0m below sea level, very much akin to such 

activities in Netherlands.  
 

 The area consists of vast tracts of very soft clay 

extending to great depths causing several problems 

while carrying out infrastructural development. 

Failures of embankments of even 2 m height, when  

founded on Kuttanad clay is reported (Ramanatha 

Ayyar T.S., 1966). So it is mandatory to improve the 

ground before going in for any kind of infrastructural 

development. The effect of techniques such as 

preloading, stone columns and deep mixed soil - 

cement column in improving Kuttanad clay have been 

investigated. (Issac D.S and Girish M.S.(2009), Bindu. 

J. and Vinod P. (2010), Suganya K and Sivapullaiah 

P.V. (2012). The very poor shear strength of Kuttanad 

clay leads to failure of embankments in general and 

especially in approach roads of bridges due to greater 

height of embankment. Rotational failure at toe and 

base, leads to escape of embankment material to 

neighboring areas often encroaching into private lands 

around. In addition, the longer duration taken for total 

settlement to occur, makes the pavement uneven and 

full of pot holes for initial period which extends to a 

few years. Faster Consolidation of clay deposits and 

improvement in its shear strength to withstand the 

stresses induced by embankment formation are the 

challenges often faced by  geotechnical engineers in 

this area.  
 

Vertical drains such as Sand piling, PVDs etc., are 

often adopted as remedial measures (Indraratna B et 

al,1994). However, unless the area is preloaded and 

until the required time for consolidation is allowed, 

these techniques fail to bring in the desired results and 

it won't be possible to proceed with construction.  
  
2. FAILURE OF APPROACH ROADS AT 

BRIDGE SITES  

 

 
 

Fig.1 Site plan of the project area 
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Kerala PWD was constructing a road from Nattakom to 

Thiruvattukkal in Kottayam District and the area 

consists of typical deep deposits of Kuttanad clay. The 

aerial view of the site is shown in fig.1. Interestingly 

the whole stretch of 3 kms had been strengthened by 

PVDs at 0.8 to 1m centre to centre in triangular pattern 

driven to a depth varying from 13m  to 25m depending 

upon the subsoil profile.   

 

The stretch had two bridges at Parechal and 

Gramenchira. The approach roads at these locations 

were 5.8m and 7m high respectively. In August 2015, 

the approach road at Gramenchira Bridge settled by 

upto 2.8m overnight as shown in Fig 2. 
 
 

 
Fig.2 Failure of Approach Embankment of 

Gramenchira Bridge 

 

In the case of Parechal bridge, it was a typical slope 

failure of embankment resting on very soft clay. The 

average settlement was around 2.5m, as shown in fig.3 

 
 

 
Fig.3 Failure of Approach Embankment of Parechal 

Bridge 
 

The ground improvement technique in the form of 

PVD's, did not bring in the desired results as shown by 

the two failures. Fig 4 shows the failure in the 

Gramenchira bridge embankment. The authorities had 

already announced the date for inauguration of the road 

and bridges which was hardly 5 months away. This 

brought in severe constraints on project duration. It 

ruled out further preloading even though the PVDs had 

already been installed. In addition, the initial shear 

strength was so poor, any embankment formation, 

however low it might be, was always accompanied by 

patterns of failure as shown in fig 2 or 3, especially 

where embankments were higher.  

 

 
 

Fig.4 Failure Photographs of Gramenchira Bridge 

Embankment 

  

With hardly five months left for inauguration of road 

and the bridges, the engineers had to look for 

alternative techniques to overcome the present inpasse.  

 

2.1 Soil Profile and Properties 

 

The problem was referred to the authors by PWD. The 

soil profiles and properties of strata were obtained 

through fresh soil investigation. The soil exploration 

program consisted of 5 boreholes at Gramenchira and 6 

boreholes at Parechal bridge. In addition Static cone 

penetration tests were conducted at 2 locations each in 

Gramenchira and Parechal. The range of physical and 

engineering properties of samples collected, obtained 

from laboratory tests are presented in Table 1. 
  
Table 1 Basic properties of Soil at Gramenchira  and 

Parechal Approaches 
 

Sl 

no. 
Properties Value 

1 Natural moisture content,% 100-140 

2 Specific gravity 2.67-2.70 

 

3 

 

Grain size 

distribution 

 

Sand % 0 

Silt % 24-34 

Clay % 66-76 

4 Liquid limit,% 110-175 

5 Plastic limit,% 45-75 

6 Plasticity index,% 65-110 

7 Shrinkage limit,% 9-16 

8 pH 7.53 

9 
Coefficient of consolidation 

(cm
2
/sec) 

1.48x10
-4 

- 

6.83x10
-4

 

10 Compression Index Cc 1.07 

11 
Shear Strength from SCPT 

Tests 
14Kpa 
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3. A NEW TECHNIQUE PROPOSED 
  
Discussions considering all parameters involved and 

deadlines to be met with, led to the adoption of   

Multiple-driven Fibre-reinforced Columnar Intrusion 

(MFCI) for ground improvement. This was being tried 

in certain areas in Cochin and its suburbs for over a 

decade by the authors. Cochin also is well known for 

its deep deposits of soft marine clay. Problems of 

similar nature were often encountered when 

infrastructural projects were taken up especially along 

the coastal belt of Cochin.  
  

Various techniques such as sand piling, installation of 

PVDs, stone columns and numerous other stabilization 

methods were often tried in such projects which did 

bring in expected improvement in certain areas. Basic 

concept of all these innovations was to provide 

adequate facility for vertical drainage for faster escape 

of pore pressure. But the improvement could be 

brought in fully only if the methods are accompanied 

by pre-loading for varying periods depending upon the 

size and spacing of vertical drains. Pre-consolidation is 

initiated only on pre-loading which could often be 

expensive and time consuming.  
 

Initial attempts consisted of improved version of sand 

piling, where a second sand pile was driven over and 

above the first one at the same spot. This forceful 

intrusion of piling material increased the diameter of 

normal sand pile and led to development of pore 

pressure. With the vertical drains already available and 

pore pressure developed due to multiple driving, the 

consolidation process was triggered as soon as the 

multiple driving was completed. 
 

This technology was adopted  especially for large oil 

tank farms right from 2002. Performance of the 

structures resting on soft clay areas were monitored for 

over 14 years and their performance has been 

satisfactory till date. However, laboratory 

investigations were not taken up simultaneously. But 

detailed experimental investigations and  model studies 

since 2012 helped to establish the reliability of the new 

technique and to look for more avenues for its 

application. 

 

3.1 Laboratory Studies 
 

One of the major limitations of columnar inclusion is 

the smeared zone generated due to the relative 

movement of the mandrel and the soil around. This 

leads to lower capabilities with in the smeared zone. 
The presence of smear zone significantly influences the 

horizontal consolidation rate and is reported by various 

researchers. (Onoue et al.,1991; Hird and Moseley 

2000; Basu and Prezzi 2007; A Parsa Pajouh and 

Vincent 2014).  From the laboratory evaluation the 

extend of smear zone for Cochin marine clays is in the 

range of 5 to 6 times the radius of the vertical drain. 

(Anil Joseph et al, 2015). Some of the  disadvantages 

due to smear problems could be overcome by the 

forceful penetration of the intrusion material in to the 

smeared zone. The experimental setup consisted of a 

circular tank of 60cm diameter and 50cm height. The 

tank was made in such a way that it can be removed 

into 5 pieces, so that the cross section could be 

inspected visually and to extract samples from various 

depths to determine the permeability and strength 

characteristics in horizontal as well as vertical 

direction. 
 

 

Fig.5 Procedure of the Installation of Columnar 

Intrusion and study of  Configuration on Single 

Driving and Multiple Driving. 
 

After the assembling of the tank it was filled with soft 

marine clay with water content very close to liquid 

limit. The mandrel having 10.7cm in diameter was 

pressed into this clay at the centre of the tank ensuring 

that the verticality is maintained throughout the 

intrusion.   River sand was poured in to the mandrel 

and rodded at every 10cm layer.  The mandrel was then 

slowly with drawn carefully maintaining the verticality.  

The diameter of the columnar intrusion was measured. 

The clay around was carefully troweled off without 

disturbing the shape of the sand column. The first 

segment was then detached and the cross section at that 

level was exposed and measurement of sand column 

was taken again. This procedure was repeated for every 

segment of the assembly. Thus the cross section of the 

vertical sand formation could be visually examined, the 

shape studied and measurements taken.  This technique 

could bring in invaluable information regarding what 
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happens in the soft clay mass during multiple driving. 

The variation in the diameter of the columnar intrusion 

noted along the depth for single and multiple driving is 

given in  figure 6 and figure 7. From the comparison of 

diameter of the columnar intrusion, it is noted that in 

both the installation the diameter formed are not 

uniform with the depth. In case of single driving the 

diameter increases initially indicating bulging of the 

columnar material and then decreases showing necking 

characteristics of the soft clay. In case of multiple 

driving the necking problem is overcome due to the 

piercing of the columnar intrusion into the clay and 

considerable intrusion of the material is noted into the 

smear zone. It is observed that the second drive helps 

to further densify the material of columnar intrusion 

which will bring in greater stability to the columns and 

the results show that the multiple driving processes has 

pronounced influence on the smear zone.  

 

Fig.6 Diameter of Columnar Intrusion with Single 

Driving (cms) 

 

 

Fig.7 Diameter of Columnar Intrusion with Multiple 

Driving (cms) 
 

 

3.2 Material for MFCI 
 

It is found from laboratory experiments that in case of 

very soft clay, if sand/ metal alone is provided during 

sand piling, the diameter of the well gets reduced due 

to necking action and the clogging of well is likely to 

be high. In order to reduce these effects and to increase 

the strength and permeability characteristics of the 

drainage media a hybrid mix comprising of metal of 

varying grades, M sand and fiber reinforcements such 

as Recron 3S is being evolved through experimental 

model studies.   
  
One of the major limitations of sand piling and PVD's  

is the smear zone generated due to the relative 

movement of the mandrel and the soil around. This 

leads to lower permeability within the smear zone. In 

addition,  due to the surface tension formed on 

withdrawal of the mandrel, there will not be direct 

contact of the columnar material with the soft clay and 

unless a preload is applied drainage path to dissipate 

the pore pressure formed in the clay will not be fully 

effective. It is noted that the forceful penetration of the 

MFCI material during the 2
nd 

and 3
rd 

driving at the 

same spot will decrease the loss in permeability in the 

smear zones, overcome the components of surface 

tension thereby commencing the dissipation of pore 

pressure without preloading and reduce the well 

resistance.   
    
4. FIELD APPLICATION 
 

 Considering the site conditions and the tight 

completion schedules it was decided that, Multiple-

driven Fiber-reinforced Columnar Intrusions may be 

used to stabilize the foundation of the approach roads. 

These comprise of small diameter (15cm) columns of 

specified sand-aggregate mix reinforced with fibers 

installed to the designated depth (800cm) and at 

designed spacing (80cm, triangular spacing).   
 

 
Fig.8 Layout and sectional plan for implementation of 

MFCI in bridge approaches at Gramenchira and 

Parechal  
 

These are installed by driving a casing pipe with a flap 

valve or sacrificial shoe at the bottom and then filling it 

with a fibre-reinforced  sand-aggregate mix. 

Subsequently, casing is again driven through the 
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installed column and again filled with fibre-reinforced 

sand-aggregate mix. The process is continued till 

sufficient volume of material is fed into the area and 

proper compaction is achieved. Fig 8 shows the details 

of MFCI materials and the specifications used for the 

current project. After completion of the installation of 

the intrusions, a 50 cm thick drainage blanket 

comprising clean aggregates was provided over the 

entire area improved by MFCI. Over this, the 

embankment was constructed by placing and 

compacting in layers. 

 

 
 

Fig.9 Implementation of   MFCI in bridge approaches 

at  Gramenchira  
 

4.1 Field Instrumentation and Results 

  

In order to evaluate the performance of the multiple 

fibre reinforced columnar intrusions in stabilizing the 

embankment, field measurements were carried out 

regularly by taking measurements of vertical settlement 

with the help of settlement gauges and horizontal 

movements of the embankment fill with inclinometers.  

 
 

Fig.10 Location of Settlement Gauges at Gramenchira  

 

The measurement of settlement using settlement plates 

was done at six locations in field for each 

embankments near Gramenchira   Bridge as shown in 

fig 10. 
 

 

Fig.11 Time-Settlements curves from Settlement 

Gauges after MFCI application 
 

Fig 11 shows the variation of settlement with time 

noted for the  Gramenchira embankment approach after 

the ground improvement using the multiple fibre 

reinforced columnar intrusion.  It is noted that the 

average settlement of the embankment over two 

months is 22cms.  

 
 

 
 

Fig. 12 Variation of Shear Strength with depth before 

and after improvement using MFCI technique at 

Gramenchira  bridge approach  
  
The field engineers started formation of the 

embankment within a couple of weeks after MFCI 

installation was completed. However, no sign of 

distress was in evidence indicating faster gain in 
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strength and resilience obtained from the ground 

improvement technique adopted. Fig 12 shows the 

variation noted in the shear strength with depth from 

the SCPT tests conducted at Gramenchira  

embankment approach before and after the ground 

improvement using the multiple fibre reinforced 

columnar intrusion.  From the comparison of shear 

strength of soil at area improved with columnar 

intrusion and in area where no improvement was done 

a variation of around 65%- 75% was observed. The 

average shear strength of 0.14 kg/cm
2 

was improved to 

0.23kg/cm
2
. 

5. CONCLUSIONS 
 

Sand piling and use of PVD's are accepted practices for 

ground improvement. Both help to cut short the 

drainage path and allow faster dissipation of pore 

pressure. However both require preloading to initiate 

pre-consolidation and improve the strength 

characteristics.  Smear effect generated by the relative 

movement of mandrel and soil around and consequent 

reduction in permeability is a major limitation in 

vertical drains.  It has been overcome to a great extent 

by penetration of MFCI material into the soil.  

In the present case study, eventhough the PVD's were 

installed  for more than a year, the effect of this either 

on pre-consolidation or on gain in shear strength was 

limited. These ultimately led to the failures of approach 

roads at Gramenchira  and Parechal Bridges. Thus 

where shorter project duration is a prime consideration, 

the sand piling and the PVD  methods may not provide 

the desired solutions.  

MFCI can yield reliable results for ground 

improvement. The rate of settlements of the improved 

embankments is monitored through proper 

instrumentation and the performance has been 

satisfactory. Further SCPT test conducted before and 

after application of MFCI shown enhancement of shear 

strength by 23% within 2 months. These results 

underscores the acceptability of the proposed 

techniques. Commencement of embankment formation 

within days of MFCI treatment did not show any 

distress indicating faster gaining strength which was 

verified in field using static cone penetration test. 

These results underscores the utility and versatility of 

the new technique.  
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