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ABSTRACT  
In recent years, soil improvement is required to provide adequate bearing capacity and improve shear strength of the soft cohesive soils to 
satisfy the need for various type of construction on sites underlain by such soft soils. Amongst various ground improvement techniques the 
technique of preloading or pre-compression used in combination with vertical drains is one of the oldest and most widely used techniques 
to preconsolidate and strengthen weak compressible soils in situ. Present work of investigation is to study different shapes of PVD using 
sawdust to study the settlement behavior of soil. 
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INTRODUCTION 
 
In recent years, soil improvement is required to provide 
adequate bearing capacity and improve shear strength of 
the soft cohesive soils to satisfy the need for various type 
of construction on sites underlain by such soft soils.  
 Amongst various ground improvement techniques the 
technique of preloading or pre-compression used in 
combination with vertical drains is one of the oldest and 
most widely used techniques to preconsolidate and 
strengthen weak compressible soils in situ.  
It is used to accomplish two major goals: 
1) To eliminate settlements by increasing the effective 
stress in the compressible stratum prior to construction of 
the facility  
2) To improve the shear strength of the subsoil to 
decreasing its void ratio and water content.  
The model law of consolidation suggests that rate of 
consolidation is mainly dictated by drainage path. In 
addition the rate of consolidation can be enhanced if higher 

horizontal permeability than vertical of soil is taken into 
advantage.  
 Hence in this present investigation vertical drains have 
been used where in excess water dissipates radially and 
vertically at faster rate and accelerates radial consolidation 
of fine grained compressible soils.  

 
Fig: 1 PVD installed to reduce the drainage path    
(Ref: http://www.menard-web.com) 
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Literature Review 

                                                                                                                                                                                                                                                                                    
According to Holtz et al. (1991), the American engineer 
D.J. Moran first proposed the use of sand drains as a means 
for deep stabilization in 1925. Following this, the first 
practical sand drain installation were constructed in 
California a few years later. In the last 20 years, a large 
number of prefabricated drains have appeared on the 
market. Sand drains were widely used throughout the 
world since their invention during 1930’s. Barron has 
presented a very comprehensive solution for the job of 
consolidation by radial drainage for sand drains. Later 
Hansbo modified the various parameters so that same 
theory presented by Barron can be applicable to 
prefabricated vertical drains. 
Rowe-shields (1965),Shroff and L.M. Shah 
(1979),Prawono (1981), Shroff and P.B.Shah 
(1989),Shroff and Bhatt(1995),Shroff and 
Veraswamy(1996),etc developed special sand drain and 
geodrain models to study the effect of the central drain on 
the radial consolidation of clays.  
 Later models were provided with non woven textile filters 
(Holtz et al., 1991). Recent trends are inclined to the use of 
Prefabricated Vertical Drains (PVD) using man-made 
fabrics like Polyethylene, Polyvinyl chloride, Polyester & 
Polypropylenes and the latest trend is to use the PVD 
having starch based plastic cores, or otherwise the use of 
Electro-Conductive PVD 
  
Scope of Investigation: 
 
Though various types of vertical drains have been proved 
effective in the consolidation of soft clay, there is still 
scope for use of different materials as vertical drain for 
improvement of poor soils by radial consolidation. 
 Present investigation is undertaken to study influence of 
three vertical drains of different shapes and Area with Saw 
Dust material to examine how effectively it can be used to 
consolidate soft saturated Kaolinitic clay. 
 Three types of drain used for the study are: 
Circular Saw dust drain with area A1  
Circular Saw dust drain with area A2 
Cross Shape Saw dust drain A3 
 
The efficacy of all three drains is examined in accelerating 
rate of consolidation and to compare degree of 
consolidation using settlement computations. An attempt is 
made to study various consolidation parameters using 
hydraulically pressurized Oedometer of diameter 254mm 
with central drain of ‘n’ value 10.  

The main objective of this paper is to optimize the shape of 
the drain in accelerating the rate of settlement of soft 
Kaolinite clay under long term loading. The circular drain 
and cross shape are designed in such a way that there 
surface area remains constant so that comparison of both 
the drains can be done properly. For all the above two 
drains an open mandrel driven technique was used. The 
above study will definitely give a ready clue to field 
engineers regarding selection of drain geometry 
particularly using saw dust as filler material to economize 
the project cost. 
 
Experimental Set-Up 
 
Properties of Saw Dust Drain 
 

Sr. No.  Properties of saw dust  value  

1  D10,mm  0.29  

2  D30,mm  0.52  
3  D60,mm  1.05  
4  Co-efficient of uniformity, cu  3.620  
5  Co-efficient of curvature, cc  0.888  
6  Maximum compressive 

stress, kg/cm2  
1.138  

7  Coefficient of  permeability, 
cm/sec  

1.502×10-3  

Table: 1 Property of Saw Dust Drain used in present 
investigation 
 

Specific gravity 2.45 
Liquid limit(LL) 54% 
Plastic limit(PL) 26.3% 

Plasticity index(IP) 27.7 
Soil classification CI 

Table :2 Property of Kaolinte clay used in present 
investigation 
 

DESCRIPTION OF PRESENT SETUP 
The experimental setup used in the present investigation is 
shown in the Photo- and Fig- 
The complete setup consists of : 

(i) Hydraulic Pressure System 
(ii) Oedometer 
(iii) Pore pressure measurement system. 
(iv) Settlement measurement system. 
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Fig 2. Self compensating mercury pressure system 

 
Fig 3.Complete hydraulically pressurized oedometer  

 
Fig4. Pore pressure measurement using conventional 
Bishop’s setup. 

 
Method of soil Sample Preparation 

The soil used for this investigation was clay mineral 
Kaolinite obtained commercially in the form of powder 
with the properties as shown in Table-2. To ensure full 
maturation of the sample the clay was mixed to form slurry 
with twice the liquid limit using de-aired distilled water. 
Density was sufficiently low to allow the removal of 
entrapped air when the sample in the consolidation cell 
was vibrated. 
 The slurry was transferred into the Oedometer 
after the cell body had been lightly coated with a thin layer 
of silicon grease to minimize side friction; the Oedometer 
was then placed on a handle operated vibrator and vibrated 
for approximately one hour after which only occasional air 
bubbles could be seen on the surface. The clay was then 
scribed level. And a filter paper followed by a porous stone 
was placed at the top. 
 The sample was then preconsolidated under 
gradually applied static load of 8 Kpa, with ∆p/p = 1, 
(1kPa, 2kPa, 4kPa, 8kPa) so that the consolidation 
occurring is normal (Normal consolidated soil is one which 
has been never subjected to an effective pressure greater 
then the existing pressure nor greater than the existing 
overburden pressure and which is also completely 
consolidated by the existing overburden). In this normal 
consolidation case virgin compression curve gives a 
straight line. Terzaghi in his basic theory explained by 
spring analogy which gives that within elastic limit load 
deflection curve may be assumed to be straight this is a 
case of normal consolidation.  These increments are given 
by means of dead load with porous stone on the top of the 
clay sample toped by filter paper so that sample during 
consolidation water gets removed through porous stone. 
These increments of static loads are to be kept for a longer 
period of time (at least 48 hours). Increments are 
calculated as shown below  
Area of Oedometer = π/4 x d2  
                                     = π/4 x (25.4) 2 
                                     = 506.708 cm2 
For 8 kPa, load = 506.708 x 8 
                          = 40.53 KN                                       
The porous stone was then removed and the shear strength 
of the sample was then measured by vane shear apparatus 
as shown in Fig.6. Also a representative sample for the 
determination of water content was taken. The porous 
stone was then replaced. Height of the sample is measured 
after scribing, from top of Oedometer with respect to total 
inner height of Oedometer. Filter paper is kept on the clay 
sample and then acrylic plate with a housing of porous 
stone toped over it to have equal strain condition 
throughout the consolidation test. 
De-aired distilled water was poured into the rubber jacket 
already filled with desired distilled water was lowered into 
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position through the water to exclude trapped air pockets. 
The cell cover was next sealed into position and an initial 
consolidation pressure of 10 kPa was applied from the 
hydraulic pressure system then built gradually to 20 kPa on 
the next day to avoid passage of slurry around the porous 
stone. When the sample was fully consolidated as indicated 
by the zero excess pore water pressure on the Bishop pore 
pressure measuring apparatus, the cell cover and the 
porous stone was removed and the sample scribed level to 
the required thickness using a specimen height trimmer. 

 
 
Fig. 5 Loaded sample during static loading before 
giving hydraulic pressure 
 

 
Figure 6.Vane Shear Apparatus with soil sample 

Installation of saw dust drain: 
After trimming the surface, the axial hole was formed with 
a thin walled mandrel, having area ratio of 0.8 to 1.6 
attached with template and guide frame. A drain hole was 
then flooded with water from the central connection to the 
reservoir. The drain was filled with de-aired saturated saw 
dust with the aid of small diameter flexible tubing by 
syphoning action to cause little smear. With least possible 
time gap a top rigid plate with a porous stone at the centre 
was placed. The top cover is then seated into position. A 
proper care of the complete removal of the clay from the 
bore hole is to be assured so as the clay does not fill the 
saw dust drain and block the drainage path during 
consolidation.  

 
Figure 7 Installation of Saw dust Drain 

Testing Procedure 
 
After the consolidation by static load cell was sealed, 
settlement dial gauge and Bishop Pore pressure measuring 
apparatus were connected at their respective location. 
Excess pore pressure or excess hydrostatic pressure or 
hydrodynamic pressure of 10 Kpa (excess of initial 
pressure 8 Kpa) is applied by help of screw pump and 
hydraulic system, keeping the pressure valve on 
Oedometer and settlement valve (drainage valve ) closed 
(7.35 cm).  
 
Result and analysis  
 

(i) Graph showing settlement versus log t 
characteristics, it is seen that time for 50 % 
primary consolidation is lower for higher 
pressure. Value of coefficient of 
consolidation decreases at lower pressure and 
increases at higher pressure for all three SD 
drain. 

(ii) The co-efficient of radial consolidation at 80 
kpa is found to be less in Circular shape drain 
as in comparison to the Cross shape drain. 

(iii) Degree of consolidation due to radial 
drainage (Ur%) versus time factor (Tr) plot 
shows that as the degree of consolidation 
increases, time factor for radial drainage also 
increases and gets constant at 100% of 
Degree of consolidation (Ur%) for all three 
drains at all applied pressures. 

(iv) For lower pressure ranging from 20 kPa to 80 
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kPa, the value of coefficient of consolidation 
decreases with average degree of 
consolidation. Thereafter the value of 
coefficient of consolidation becomes more or 
less constant with degree of consolidation at 
higher pressure from 160 to 320 kPa. This 
behavior is observed in all three drains in 
present investigation. 

 
 
 

 
 
Fig. 8. Settlement Graph for Circular drain 
 

 
 
Fig. 9. Settlement Graph for cross shape drain 
 
 

 
Fig: 10 Settlement Graph for circular drain 
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