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ABSTRACT: The knowledge of the rate at which the settlement of clay layer takes place is very important in the design 

of vertical drain. The coefficient of consolidation, whether it is vertical or radial drainage (cv or cr) plays an important role 

in the design of vertical drains and it controls accurate prediction of rate of consolidation of soil. This paper presents an 

overview of different methods used in the past for finding the coefficient of consolidation, using vertical drainage (cv), as 

well as with vertical drains(cr) based on free strain approach as well as equal strain approach.  It is noted that free strain 

approach is complex; a large number of methods were developed based on equal strain approach. In this paper, these 

methods for the determination of cv and cr are summarized and compared. This review will be useful for researchers or 

practicing engineers for estimating the rate of settlement in the clay layer with/ without drains. 
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1. INTRODUCTION 

The analysis of consolidation settlement of soil has two 

main factors, one is the rate at which the settlement 

takes place, and the other is amount of settlement. The 

rate of compression can be found out by determining 

the coefficient of consolidation (cv or cr). For low 

permeable soil, the time required for consolidation is 

usually long if the drainage path is more. In such cases, 

in order to accelerate the process of consolidation, 

vertical drains are installed at the site at a spacing 

which is less than the thickness of the clay layer. The 

purpose of vertical drain is to permit drainage in the 

horizontal direction to the nearest vertical drain which 

also helps to reduce the length of drainage path. The 

value of coefficient of consolidation, whether it is 

radial or vertical, is the most important factor that 

controls the accurate prediction of the rate of 

consolidation of the soil. Various methods for finding 

out the coefficient of consolidation using vertical and 

radial drainage along with the equations are as 

summarized in Table 1 and Table 2 respectively. 

2. COEFFICIENT OF CONSOLIDATION FOR 

VERTICAL DRAINAGE 

A theoretical curve was plotted between the degree of 

consolidation(U) with the time factor(T). The 

experimental curve was obtained from the standard 

methods like Casagrande’s logarithmic time fitting 

method (1940) and Taylor’s square root time fitting 

method (1948). In this, dial gauge reading was plotted 

against the logarithm of time and square root of the 

time, respectively, is similar to the theoretical curve. In 

the Casagrande’s method, after plotting the curve, a 

straight line was drawn through the points representing 

final reading. A second line tangent to the steepest part 

of the curve was then drawn. Both these lines will meet 

at a point,and  dial gauge reading (δ100) and time (t100) 

corresponding to 100% consolidation was found out. In 

order to get compression ordinate at 0% consolidation 

(δ0),  two earlier  times t1 and t2 was selected (t2=4t1), 

and the offset distance between t1 and t2 was found out, 

and  plotted above t1. In order to find the cv value we 

need compression ordinate at 50% consolidation, [δ50 = 

(δ100+ δ0) /2].Thus cv value can be determined using 

drainage layer thickness H, Time factor Tv, and time t, 

for achieving 50% consolidation. This method can be 

used for soils which does not have an initial straight 

portion, but it takes time for secondary compression 

portion to establish. Su (1958) and Robinson et al 

(1996) developed a method which makes use of the 

early log t, which requires time compression data only 

for shorter duration, i.e., the end portion of the curve is 

not important in this case. For the first method,  δ - log 

t plot was made, and δ0 was determined as explained in 

log t  method. A tangent is drawn through the steepest 

part of the curve, to determine the slope “h”. For a 

chosen average value of degree of consolidation (Uavg), 

dial gauge reading, δu, was computed and 

corresponding time was noted to find cv value. In the 

second method, the point of intersection between the 

tangent passing through the inflection point and the 

line passing through the corrected zero was noted and 

cv value can be found out. Both the methods are not 

suitable for samples exhibiting more secondary 

compression. In the Taylors method, which is suitable 
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for soils having high secondary compression, for the 

degree of consolidation, U= 90%, the value of √t  is 

obtained by drawing a line 1.15 times the value 

obtained by the extension of the initial straight line 

portion of the dial reading vs √t curve and the point 

where this line touches the curve is noted and thus t90 

was obtained and cv was found out. This method was 

then improved by Tewatia et a.l (1997), and cv value at 

any U, between 70% and 95% consolidation can be 

found out. These methods are not applicable for the 

rapidly consolidating sample. 

   A method which is more efficient than the standard 

methods, the velocity method, was developed by 

Parkin (1979), in which theoretical consolidation rate 

with time factor was plotted and along with this, 

experimental settlement rate was plotted with time. By 

overlaying both the graphs at T=1, the time ‘t’, was 

found out, from which we will get cv value. Further 

studies of Parkins method, were made by Pandian et al. 

(1993), in which log dẟ/dt vs log t was plotted and is 

divided into 3 parts, extrapolating  the first two straight 

lines and corresponding t value at 100% consolidation 

was obtained. These methods don’t give emphasis to 

initial and final parts of consolidation curve. The initial 

compression  was not affected, in Rectangular 

hyperbola method, developed by Sridharan et al. 

(1981), in which the theoretical T/U  versus T  plot was 

made, and it starts from the origin, in which it is curve 

for some portion and then straight line over large 

values of T (0.25<T<0.9) corresponding to U value 

(60<U<95). The experimental t/δ versus t plot was 

made, when the straight line is fixed, lines through the 

origin 12.14, 2.02, 1.35 times the slope of the straight 

line was made. Where the first of the above line, 

meeting the straight line portion of the curve, gives t10. 

Similarly the other two lines,t60 and t90 can be obtained. 

From R60  and R90 , R0 and R100 can be made. Sridharan 

et al. (1985) further improved the above method and 

developed equations with some constants A and B. 

Values for  A and B depends on the degree  of 

consolidation and B value was computed for different 

U values, and founded as 0.3. Similar to the above 

method t/δ vs t was plotted, and after identifying 

straight line portion, slope ‘m’ and intercept ‘c’ were 

noted and thus cv can be found out. Pandian et al. 

(1992) suggested a new method of  plotting U/T vs U 

in which, lines were extended from the initial portion 

and final portion of the curve, thus getting a T value of 

0.793 at U=88.5%. Since evaluated through the 

intersection of points, less ambiguous and more 

accurate. Sridharan et al. (1993), proposed δ-δ/t 

method, which has a flatter slope than root t which 

makes it more accurate, in which theoretical curves of 

U- U/T was plotted and then experimental δ-δ/t was 

made to get time corresponding to 90% consolidation. 

From the  straight line portion of the curve, a flatter 

slope of 1.33 times, that of, identified initial straight 

line is drawn, unlike 1.15 in √t method. It was found 

that the line intersects the curve at 90% primary 

consolidation. Sridharan et al. (1995) developed two 

methods, (H
2
/t) versus U curve as well as One point 

method in which the experimental curve coincides 

directly with the theoretical curve. At first, theoretical 

Log10 (H
2
/t) versus U curve was plotted by assuming 

different values of cv and U, and then the experimental 

curve was plotted above theoretical curve. The point 

where the experimental curve coincides with the 

theoretical curve was noted and corresponding H
2
/t 

value was taken and substituting into the equation to 

get cv value. It was found that, the experimental curve 

coincides with the theoretical curve fairly well in the 

range of U= 40% to 60%. In one point method the 

values between this 40% to 60% was taken and cv 

value was found out directly. Inflection point method, 

which doesn’t require graphical construction was first 

proposed by Cour (1971), later it was explained by 

Robinson (1997) and Mesri(1999). dU/d (logT) Vs log 

T was plotted and inflection point was found at 

U=70.15% and hence T can be evaluated, from that cv 

can be determined. 

3. COEFFICIENT OF CONSOLIDATION FOR 

RADIAL DRAINAGE  

The basic theory of radial drainage was proposed by 

Barron (1948). McKinlay (1961) developed a method 

for determination of cr based on the linear relationship 

between Ur versus Tr in the range of Ur from 0% to 

50% in the case of peripheral drain. Based on the linear 

relationship between Ur versus Tr in the range of Ur 

from 20% to 60%, Berry and Wilkinson (1969) 

suggested another method in the case with a central 

drain. Both of these methods are based on free strain 

hypothesis, which is complex. Based on equal strain 

conditions, a number of methods have been developed 

for radial consolidation analysis. Most of the methods 

used to find cv were extended to find cr value.Taylors 

method, Casagrandes method, Inflection point method, 

Log H
2
/t Vs Uv curve, One point method etc. were 

extended to find cr value. These methods along with 

formulas are as shown in Table 2. Robinson et al(2009) 

proposed log-log method,which reflects actual ground 

conditions, Log(S-S0) Vs Log t graph was plotted ((S-

S0 is the corrected settlement and t is the time).Straight 

lines were drawn  from the initial portion and end 

portion of the curve. The two lines meet at a point 

which was taken as the time,t at 66% consolidation. A 

hyperbolic method was developed for estimating the 

coefficient of radial consolidation that are only suitable 

to 60%–90% degree of consolidation, based on the 

hyperbolic relationship of settlement(s) versus time(t) 

and on the Barron’s solution (Chung et al, 2009). 
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Equations are as given in Table 2.  α  and  β are the 

intercept and the slope of the initial linear line  

respectively  in the t/s versus t plot. Su’s method(1958) 

was extended to the Barron’s solution for determining 

cr  value in tangent fitting method (Vinod et al, 2010). 

 

Table1 : Summary of different methods for finding cv            
  

4. CONCLUSION 

 Various methods to find the coefficient of 

consolidation for vertical as well as radial drainage has 

been reviewed. It is observed that there are various 

methods for determination of cv whereas only a few 

methods to find cr. Further Research is in progress to 

develop new and simple method for estimating the 

Method   
[Ref no:] 

Year Author   Plot Formula 

to find cv 

Log-time 

fitting 

Method [3] 

1940 Casagran

des 

Dial 

reading 

vs logt 

   
   

 

   
 

Root t 

method [24] 

1948 Taylors Dial 

reading 

vs √t 

 

   
   

 

   
 

 

 

Su’s 

Maximum 

slope 
[23] 

 

1958 

 

Su 

 

Dial 

reading 

vs logt 

   
   

 

   
 

du =[d0 -  

(h/0.688 

*Uav)] 

 

Velocity 

method  
[10] 

1978 Parkin log(ẟ/t) 

vs log t 

 

   
   

 
 

Rectangula

r hyperbola 
[16] 

1981 Sridharan 

et al. 

 

t/ẟ vs t    
   

 
 

Improved 

rectangular 

hyperbola 

method [17] 

1985 Sridharan 

et al. 
t/ẟ vs t       

        

 
,   

B= T(A-1) 

log ẟ/t –

logt 

method [9] 

1992 Pandian 

et al. 

log(ẟ/t) 

vs log t 

 

  

 
       

     
 

δ-δ/t 

method[19] 

1993 Sridharan 

et al. 

δ vs δ/t 
   

   

 
 

Improved 

velocity 

method[9] 

1994 Pandian 

et al. 

log(ẟ/t) 

vs log t 

 

  

 
       

 
 

Log H
2
/t vs 

Uv curve 

,1-point 

method [20] 

 

 

1995 

 

 

 

Sridharan 

et al. 

 

 

 

log H
2
/t 

vs Uv 

 

   
   

 

 
 

 

 

Early log t 
[13] 

1996 Robinson 

et al. 
δ vs logt   

 
        

      
 

Improved 

root t 

method [25] 

1997 Tewatia 

et al. 

Dial 

reading 

vs √t 

 

        

 
      

        
 

   
    

 

  
 

Inflection 

point 
[5,14,7] 

1971 

1997 

1999 

Cour 

Robinson 

Mesri 

dẟ/d 

(logt) vs 

log t 

  

 
       

   
 

Method   

 

Year Author   Plot Formula to 

find cr 

Taylors 
[21] 

1996 Sridharan 

et al. 

Dial 

reading 

vs √t 

   
    

 

   
 

Log de
2
/t 

Vs Ur 

curve , 

One 

point[21] 

 

 

1996 

 

 

 

Sridharan 

et al. 

 

log 

de
2
/t vs 

Ur 

 

   
    

 

  

 

 

Inflection 

point 
[14] 

 

1997 

 

 

 

Robinson  

 

 

dẟ/d 

(logt) 

vs log t 

       
        

 

      
  

T63.21 = 

F(n)/8 

 

F(n)=n
2
/(n

2
-

1)*ln(n) -

(3n
2
-1)/4n

2
 

 

 Log-Log 

method 
[15] 

2009 Robinson 

et al. 

Log (s-

so)vs  

logt 

      

 
      

   
 

(s2-so)/ (s1-

so) =t2/t1 

 

 

Hyperbolic 

method 
[4] 

2009 Chung et 

al. 

t/ẟ vs t cr = (0.1333 

loge(n) − 

0.0906) x 

(βde
2
/α) 

 

Steepest 

tangent 

fitting 

method 
[26] 

2010 Vinod et 

al. 

ẟ vs 

log t 

   
    

 

 
 

du =[d0 -  

(h/0.848 

*U)] 

 

Log 

method 
[22] 

2011 Sridhar 

et al 
δ vs 

logt 
  

 
     

 

   
 

 

Table2 : Summary of different methods for finding cr        
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coefficient of consolidation for radial drainage, even by 

extending the available methods for finding out the cv 

value based on a detailed laboratory test. 
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