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Abstract—The use of Terzaghi's theory of 
consolidation is limited to cases in which the applied load 
is normal to the soil body, the thickness of the soil is 
uniform and the permeability is constant throughout the 
consolidation process. The assumption of a linear 
relationship between stress and strain does not comply 
with the reality where the best-fit line between the void 
ratio and vertical stress in the oedometer consolidation 
test is a nonlinear curve. Also, the decrease in 
permeability of soil due to a decrease in the void ratio in 
the soil during the progress of consolidation is not 
regarded in Terzaghi consolidation theory. Terzaghi 
consolidation theory not being based upon any 
constitutive model, the analysis of consolidation under 
complex loading conditions such as isolated footing and 
pile foundations where the assumption of one-
dimensional loading or only principal state of loading are 
not applicable, becomes impossible by the sole use of 
Terzaghi consolidation theory. This paper describes the 
use of the Modified Cam Clay constitutive model along 
with coupled pore-fluid pressure dissipation analysis for 
simulation of oedometer consolidation test and compares 
the performance of MCC model with non-linear one-
dimensional consolidation theory. 

Keywords—Constitutive model, MCC, Critical state line, 
oedometer consolidation test. 

 INTRODUCTION 

Consolidation is the time-dependent deformation 
behavior of soils under the application of loads. Unlike 
normal dry objects, e.g. metals where the application of 
stress causes instantaneous deformation of the body, in 
clayey soils where the permeability is very small, the 
full deformation under stress is not observed 
instantaneously. The stress is first taken by water as 
water is nearly incompressible compared to the soil 
skeleton structure. If there is a free drained surface in 
the soil body, a pressure gradient develops from the core 
of soil to the freely drained surface because of the stress.  
The pore water seeps through the interconnected voids 
very slowly under the influence of this pressure gradient 
and the previously applied stress is gradually 

transferred into the soil skeleton as effective stress. It is 
through this gradual transformation of total stress into 
effective stress that the soil layer undergoes gradual 
settlement with respect to time.  

The Terzaghi consolidation theory, which is 
generally used for consolidation analysis has many 
limitations. The Terzaghi consolidation theory assumes 
a linear relationship between the stress applied in soil 
and the strain developed in it. The use of constant 
modulus of volume compressibility, 𝑚  for any given 
loading is not applicable for a larger load increment 
range. it is only applicable in the close neighborhood of 
the load for which 𝑚  was determined. The decrease in 
the value of permeability of water as voids are 
compressed due to the effective stress increase is not 
considered by Terzaghi. Also, a typical void ratio vs 
vertical stress plot from a lab oedometer consolidation 
test shows two different types of the curve: reloading 
and loading curve. The reloading curve is the elastic 
behavior of soil when the current load applied is less 
than the overconsolidation vertical stress. The loading 
curve depicts the elastoplastic yielding of the soil. Since 
Terzaghi didn’t consider the plastic deformation of the 
soil, the practically observed loading and reloading 
curve cannot be explained using Terzaghi consolidation 
theory. 

A. The behavior of clay soil in one-dimensional 
consolidation 

 As shown in Fig. 1, soil in one-dimensional 
consolidation with initial void ratio along the curve a, 
when is loaded, follows curve a (loading and unloading 
along this curve will show elastic but non-linear 
behavior of soil. and after reaching 𝜎 , deviates to 
follow curve b. This curve b  
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represents the elastoplastic hardening of soil and is 
called normal consolidation curve. On further 
increment, after the vertical stress 𝜎  is reached and 
soil is unloaded, the soil follows the unloading path c 
and again reloading of soil follows the curve d. The 
reloading along this curve follows elastic behavior  up 
to and even beyond the previous overconsolidation 
vertical stress 𝜎   until the vertical stress 𝜎  is reached 
and loading further, will follow curve b This increase in 
yield  stress from 𝜎  to 𝜎  where the range of stress 
for elastic behavior is shown by the soil, depicts the 
elastoplastic hardening of the soil. 

B. Mohr coulomb model and its limitaitons 

The most popular constitutive model for the analysis 
of soil foundations is the Mohr-Coulomb model. 
However, the Mohr-Coulomb model also has similar 
drawbacks as of deformation behavior from Terzaghi 
consolidation theory, which assumes a linear stress-
strain relationship. The Mohr-Coulomb model being the 
perfectly plastic model cannot show the strain 
hardening behavior of soil as shown in Fig. 1. This 
means that when the stress is increased beyond the 
overconsolidation stress of sigma 1 along reloading 
curve 1 in Fig. 1, the void ratio vs. stress graph will 
follow a straight-line path and will never deviate to 
show the elastoplastic yielding of the soil. This is 
because the yield surface of the Mohr-Coulomb model 
is open along the hydrostatic axis [1] as shown in Fig. 2  

Fig. 2 Perspective view of the Coulomb yield surface in 
principle stress space (source: Davis & Selvadurai, 2002) 

  

C. Modified cam clay model  

The modified cam clay model, the MCC model is 
based on critical state soil mechanics. Andrew 
Schofield, Peter Wroth, and Kenneth Harry Roscoe first 
presented the concept of critical state soil mechanics in 
1958. Soil and other granular materials, if continuously 
distorted they flow as a frictional fluid will come into a 
well-defined critical state. (Schofield & Wroth, 1968.). 
instead of using Cauchy stresses, the load in  MCC 
model’s is defined by two stress invariants, bulk stress, 
p  and deviator stress, q 

Where,  

𝑝
𝜎 2𝜎

3  (1) 

𝑞 𝜎 𝜎 (2) 

Where 𝜎 and 𝜎

The yield criteria of the MCC model in terms of 
stress invariants (p,q) space is given by (3)  

𝑞 𝑀 𝑝 𝑝 𝑝  (3) 

Where, 𝑝  is the equivalent isotropic 
preconsolidation bulk stress i.e. maximum isotropic 
bulk stress the soil has experienced during its loading 
history. Of course, not all loading conditions are 
isotropic so 𝑝  is the equivalent isotropic stress for the 
maximum overconsolidation vertical stress the soil has 
experienced. M is the slope of the critical state line 
which can be calculated from the friction angle, ϕ from 
the consolidated drained triaxial test and given by (4): 

𝑀
6𝑠𝑖𝑛ϕ

3 sin ϕ
 (4) 

In one dimensional consolidation,  

𝜎 𝐾 𝜎 (5) 

where 𝐾  is the lateral earth pressure coefficient. In 
elastic region,  

𝐾
𝜇

1 𝜇 (6) 

In elastoplastic region, 𝐾  is a complex function of 
λ, κ, M, 𝜇 and p  [4] where λ and κ  are compression 
index and recompression index respectively and are 

 
Fig. 1 void ratio vs. vertical stress of a typical one 

dimensional consolidation in soil 

a 

b 

c 

d 

mentioned here for brevity and can be found in [3]. 

 are usually vertical and lateral 
stresses in one-dimensional consolidation. However, 
for soils over consolidated at very large vertical stress, 
the residual horizontal stress may be greater than the 
vertical stress as per Jacky’s formula. This use of stress 
invariants allows us to use the MCC model in case of 
complex loading conditions where the applied loads are 
not normal to the soil body surface. Of course, the 
relation for p and q will be different from expressions 
(1) and (2). the relations in general case loading is not 
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explained in equations (7), (8), (9) and (10). MCC 
model’s elliptical yield surface is shown in (p,q) space  
in the Fig. 3 along with the evolution of yield surface 
during elastoplastic hardening due to yielding. Any 
state of (p,q) within the ellipse represents the elastic 
behavior of soil. when the (p,q) state touches the CSL, 
the critical state of soil is achieved. 

Fig. 3Evolution of yield surface during elastic to 
elastoplastic deformation from A, B to C stress path (Source: R. 

O. Davis & Selvadurai, 2002) 

The MCC model assumes a logarithmic relation 
between void ratio and bulk stress both in elastic and 
elastoplastic deformation range. the relation is 
represented by equations (7) and (8) and shown in Fig. 
1. The hysteresis loop in observed in the unloading-
reloading cycle shown in Fig. 1 is ignored by MCC and 
represented by a single curve as shown in Fig. 4. 

𝑒 𝜅𝑙𝑛𝑝 𝑒 ,   in elastic region (7) 

𝑒 𝜆𝑙𝑛𝑝 𝑒 ,   𝑖𝑛 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑟𝑒𝑔𝑖𝑜𝑛 (8) 

 

 

It is this assumption of the logarithmic relation 
between void ratio and stress that gives a better result 
compared to the Mohr-Coulomb model. The values 
𝜅 𝑎𝑛𝑑 𝜆 can be obtained from the recompression ratio 
and compression ratio from the oedometer test by using 
relations (7) and (8). 

λ
C

ln10
 (9) 

κ
C

ln10
 (10) 

It should be noted that although relations(7) and (8) 
are for bulk stress, they are also valid when written in 
form of vertical stresses [3] such that: 

𝑒 𝜅𝑙𝑛𝑝 𝑒 , in elastic region (11) 

𝑒 𝜆𝑙𝑛𝑝 𝑒 , in plastic region (12) 

D. Determination of void intercept of critical state 
line: 

 
Apart from the λ, κ, M and  p  parameters, the fifth 

parameter necessary to define the plasticity in the MCC 
model is Γ which is the void intercept of ln p vs e line 
for critical state line which is defined as: 

𝑒 𝜆𝑙𝑛𝑝 Γ in critical state. (13) 

From the oedometer consolidation test, we get the 
void intercept of ln 𝜎  vs void ratio, 𝑒 ,   of 

reloading line by plotting ln 𝜎  vs void ratio shown by 
the green line in Fig. 5 The void ratio intercept Γ of CSL 
can be calculated from the 𝑒 ,  intercept of 
recompression line from oedometer consolidation test 
and  the overconsolidation vertical stress, 𝜎 ,   by 
using following set of equations [5]. 

𝑒 , 𝑒 , 𝜆 ln
1 2𝐾

3
 (14) 

𝑒 , ln 𝑝 , 𝜅 𝜆 𝑒 ,   (15) 

Where 𝑝  ,  is the equivalent bulk stress at 
overconsolidation vertical stress 𝜎 ,  given by: 

𝑝 ,
1 2𝐾

3 𝜎 ,  (16) 

And finally, 

Natural log 
of bulk stress, p 

𝑒 ,

𝑒 ,

Γ 

𝑒 ,

𝑒 ,

Bulk stress vs.  Void ratio  
in 𝐾 consolidation 
 
Vertical stress vs. void ratio 
 in 𝐾 consolidation  
 
Critical state line 

Natural log of stress 
 

Fig. 5 Relation between void intercept of 
equivalent bulk stress line and vertical stress line in 

K0 consolidation 

Fig. 4 void ratio and bulk stress relation in normal 
consolidaiton and overconsoldiation state  

𝑒 ,   

Void ratio 

𝑒 ,   

𝜎 ,  

𝑝
,
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 Γ 𝑒 ,  𝜆 𝜅 ln  (17) 

Where, 𝜂 is the stress path of the (p,q) plot during 
the soil consolidation process. the value of 𝜂 is 
dependent upon poisons ratio just until the normal 
consolidation reached and the value of 𝜂 gradually 
changes to be dependent on 𝑀, 𝜆, 𝜅 𝑎𝑛𝑑 µ as the soil 
yields further. So at 𝜎 𝜎 , , 

𝜂
3 1 2µ
1 2µ

 (18) 

 Hence, starting with 𝑒 ,   and 𝜎 , , using 
equations (14) to (18), we can get the value for Γ.  

While using ABAQUS, we don’t need to manually 
calculate the value of Γ and assign it to the model. 
Instead, ABAQUS calculates the value of Γ using a 
similar procedure mentioned above. 

 Dev et al., 2013 verified the use of critical state 
parameters from the oedometer test in the simulation of 
the consolidated undrained triaxial test and got a similar 
result from the experiment.  

E. Non-linear theory of consolidation: 

Davis and Raymond in 1965 proposed their 
nonlinear one-dimensional consolidation theory. 
Similar to the MCC model, they had proposed the 
logarithmic relation between effective vertical stress 
and void ratio given by: 

𝑒 𝑒 𝐼 log
𝜎
𝜎

 (19) 

Where 𝐼  is the same as the compression 
index/recompression index of soil and 𝑒   is the void 
ratio at any known and given pre-applied stress𝜎 . They 
further proposed that the decrease in the void ratio in the 
soil during consolidation is relatively small due to 
which it can be considered to remain constant. Also, 
permeability and modulus of compressibility vary in the 
soil during consolidation whereas the value of the 
coefficient of consolidation, 𝐶  as in Terzaghi 
consolidation theory remains relatively constant. So by 
following this rule, the permeability can be written as 
the function of 𝑚 . Differentiation of (19) with respect 
to 𝜎  and further division with 1+e gives: 

𝑑𝑒
𝑑𝜎 1 𝑒 

0.434𝐼
𝜎 1 𝑒 

 (20) 

Ignoring the negative sign, the LHS corresponds to 
the tangential modulus of compressibility of soil: 

𝑚
0.434𝐼

𝜎 1 𝑒 
 (21) 

Davis and Raymond further proposed from their 
experimental observation that the 𝐶  was relatively 

constant during soil deformation in one-dimensional 
consolidation with a proportional decrease in 𝑚   
(because the soil becomes stiffer with increasing load ) 
and in permeability 𝐾  (due to decrease in void ratio due 
to compressive strain caused by load ) which made 𝐶  
as per eqn (24) to vary by such a small value that it could 
be assumed to be constant. 

As per Davis et al s’ argument that e is relatively 
constant as 𝑒  , 

𝑚 , .
0.434 ∗ 𝐼
𝜎 1 𝑒

 (22) 

Where,  

I ln 10 ∗ 𝜅 𝑜𝑟 𝜆   (23) 

Since,  

𝐶
𝐾

𝑚 𝛾
 (24) 

Putting (21) into (24) and solving for the value of K, 

𝐾 𝐶 𝛾 ∗
0.434 ∗ 𝐼
𝜎 1 𝑒

 (25) 

Davis et al assumed Darcy’s law of pore-water flow 
and using the assumption of constant 𝐶 , they 
developed the following differential equation for spatial 
and time variation of excess pore water pressure, u’ and 
effective vertical stress, 𝜎  . 

𝐶
1
𝜎

∗
𝜕 𝑢′
𝜕𝑧

1
𝜎

𝜕𝑢′
𝜕𝑧

∗
𝜕𝜎
𝜕𝑧

1
𝜎

∗
𝜕𝜎
𝜕𝑡

 (26) 

They gave Fourier series solution for the above 
differential equation for a singly drained soil layer. 
Based on the Fourier series, the graph of percentage 
dissipation of maximum pore pressure in the undrained 
side for various load increments with final load to initial 
load being 1.5, 2, 4, 8, 16. They also gave a graph for 
the percentage settlement of soil vs. dimensionless time 
factor as shown in Fig. 3. The percentage settlement vs. 
time curve was the same as that given by Terzaghi 
consolidation theory and for all load increment ratios. 

F. 𝒎𝒗 calculation using MCC model: 

The MCC model uses a similar function as in (21) 
but it takes into account the impact of variation of e on 
the value of 𝑚 . The initial value of e assigned is not 
assumed constant during later increment of vertical 
stress and e’s variation is also taken into account. So for 
the MCC model, after differentiation of (7), and 
performing similar mathematical operations as was 
done in (20) and (21),  

𝑚 ,
κ

𝜎 ∗ 1 κ ln 𝜎 ln σ e
 (27) 
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Also if we consider the similar argument proposed 
by E. H. Davis & Raymond; the Cv value being 
constant, 

𝐾 𝐶 𝛾 ∗
κ

 𝜎  ∗ 1 κ ln 𝜎 ln σ e
 (28) 

The consideration of a decrease in permeability of 
soil is of crucial importance while dealing with non-
linear consolidation theories. It is because, during the 
increase in effective stress, the stiffness parameters of 
soil increase which enables soil skeleton to take more 
loads with small incremental strain. This causes the soil 
skeleton in the numerical model to take the load from 
pore water to itself very much sooner and hence, 
consolidation is completed very fast. If constant 
permeability input is taken, the soil will complete 
consolidation much sooner than that observed in reality. 
So it is important to limit the value of permeability 
which will delay the seepage of water and the transfer 
of load to the soil skeleton. Hence (28) is used in the 
MCC model to define the variable permeability for 
consolidation analysis. 

 METHODOLOGY 

A. Simulaiton of oedometer consolidaiton test 

Two oedometer consolidation tests were conducted 
on two undisturbed samples extracted from the same 
location in Balkot, Bhaktapur. The result from the first 
consolidation test, A was used to estimate the critical 
state parameters. The 𝜆 𝑎𝑛𝑑 𝜅 were determined from 
the void ration vs vertical stress plot in natural log scale, 
using the best fit line in each loading and reloading 
region. Since different loading stages had different 
slopes for best-fit lines,  𝜆 𝑎𝑛𝑑 𝜅  were determined from 
averages of the best-fit lines as shown in Fig. 6. The 
result of the void vs. stress of oedometer consolidation 
test A is shown in Fig. 6. The overconsolidation vertical 
stress in the insitu condition was calculated using the 
Casagrande method. The drained friction angle, 𝜙 and 
the poisons ration for the soil could not be calculated in 
triaxial test setup so empirical relations were used to 
estimate those values. The USBR,1960 gives us a chart 
to estimate those values based on the soil type from the 
USCS classification system. The extracted sample was 
of low plasticity clay type. So, the friction angle was 
taken as 28  [7]. The poisons ratio, µ of the soil was 
taken as 0.4 [8]. The dependence of the permeability 
upon the void ratio was established as per the argument 
presented by Davis et al within the MCC model. So 
following the same plausible argument, the 𝐶  of the 
soil was calculated using square root time method. 
However, the values of  𝐶  for sample A test in all load 
increments were not close enough to be taken an 
average of and be used as the representative value for 
the soil. Instead, the value of 𝐶  was found to be in a 
close cluster in each of the loading regions: reloading 

stage 1,  normal consolidation stage 1, reloading stage 
2, normal consolidation stage 2, and unloading stage 3. 
So an average value for loadings falling in these stages 
was calculated and applied accordingly for simulation 
of oedometer consolidation test of sample B. the 
summary of the average 𝐶  values calculated for the 
different loading stages of sample A is shown in the 
table given below. 

TABLE I COEFFICIENT OF CONSOLIDATION OBSERVED FOR 

VARIOUS LOAD INCREMENTS FOR SAMPLE A. 

Initial 
stress 

Final 
stress 

𝑪𝒗 observed 
(m2/min) 

Average 𝑪𝒗 
(m2/min) 

5 10 5.94E-06 

4.21E-06 10 20 4.59E-06 

20 40 2.10E-06 

40 90 6.94E-07 
6.74E-07 

90 190 6.54E-07 

190 90 - - 

90 40 - - 

40 20 - - 

20 10 - - 

10 5 - - 

5 10 4.53E-06 

4.03E-06 

10 20 4.89E-06 

20 40 4.01E-06 

40 90 3.65E-06 

90 190 3.07E-06 

190 320 7.92E-07 
5.71E-07 

320 640 3.50E-07 

640 320 - - 

320 190 - - 

190 90 - - 

90 40 - - 

40 20 - - 

20 10 - - 

10 5 - - 

The equation (28) was used to establish a relation 
between permeability and vertical stress. Which 
indirectly implied the relation between a decrease in 
permeability with the decrease in void ratio with an 
increase in stress. Two numerical models were made 
with the first model depicting the loading stages as 
shown in Fig. 6: reloading stage 1, normal consolidation 
stage 1, and unloading stage 2. The second model 
depicted the loading stage of reloading sage 2, normal 
consolidations stage 2, and unloading stage 3. The load 
defined on the first model was from 5KPa to 40KPa to 
190KPa and then to 5 KPa. The second model was 
applied with load from 5KPa to 190 KPa to 640KPa and 
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decreased to 5KPa. Initial load was defined at 5KPA 
and the loading region. Parameters used for the two 
models are summarized in the table given below: 

TABLE II PARAMETERS USED FOR SIMULATION OF OEDOMETER 

TEST B 

Property for model Value 

Lambda 0.1232 

Kappa 0.0152 

M 1.1131 

Initial void ratio 
0.90466 for the model I; 0.74 for 
model II 

Lateral stress coefficient 0.667 

Initial yield surface size,  
16.9KPa for model I; 84.84 KPa 
for model II 

Permeability  
Dependent on vertical stress or 
void ratio 

The permeability and void ratio table was generated 
in MS-excel sheet using the equation (28) to develop a 
relationship between vertical stress and permeability 
and then (7) was used to establish the relationship 
between vertical stress and void ratio and parameters 
from the above table.

The discrete set of values of void ratio and permeability 
was then prepared from the calculations and placed in 
ascending order of permeability into the permeability 
defining section of ABAQUS. The software would then 
use the linear interpolation technique to determine the 
permeability of soil for the void ratio value lying in 
between two data points. The loading time was defined 
as 24 hours for each load increment. The result of the 
model simulation and the actual experiment of sample 
B is shown in the figure given below. For the brevity of 
the paper, not all time based settlement data  for 
different loads are shown. But a portion of those 
modelled and experiment observed data are shown later 
in the result section. The simulation result of void ratio 
vs. vertical stress of sample B was performed and 
compared with the real experiment data.  

 
Fig. 6 Void ratio vs stress of Oedometer test of sample A with best fit lines. 
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B. Comparison of MCC model with the non-linear 
consolidation theory given by Davis et al. 

The load increment ratios analyzed in the original 
paper of Davis and Raymond  i.e. 1, 1.5, 2, 4, 8, and 
16 was simulated using the MCC model. The initial 
loading conditions of the soil were applied such that 
the state of soil could be ensured to be lying in the 
reloading stage 2 as shown in Fig. 6. The initial load 
was 5KPA and additional loads were applied such that 
the final to initial load ratio was the same as mentioned 
above. Altogether, six different axisymmetric models 
were run. The input parameters are shown in the table 
below: 

TABLE III PARAMETERS USED IN MCC MODEL FOR 

COMPARISON WITH NON-LINEAR CONSOLIDATION THEORY GIVEN 

BY DAVIS & RAYMOND  

Name of parameter Value 

Poisson ratio 0.4 

M 1.1131 

𝜅 0.0188 

𝜆 0.1326 

𝑝
2

  
84.84KPa (equivalent to vertical 
overconsolidation vertical stress of 
190KPa) 

Initial vertical stress 5KPa 

Additional vertical 
stress 

+0.5KPa / + 2.5KPa / +5KPa /+ 
15KPa / +35KPa, +75KPa 

Density of water 1 ton/m3 

Size of doubly drained 
model 

0.018 m 

Permeability As defined in (28) 

 RESULT AND DISCUSSION: 

A. Result of  oedometer consolidaiton experimet 
simulaiton 

The void ratio vs. verticals stress graph from the 
simulation of the experiment  and from the actual 
experiment of sample B is shown below. 

 
Fig. 7 Void ratio vs vertical stress of oedometer test of sample B and simulation of the experiment. 
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After the analysis in the model was complete, the 
instantaneous percentage settlement of soil with 
respect to final settlement at the end of consolidation 
was extracted from the model using MS-excel. The 
excess pore water pressure at mid-height of the doubly 
drained soil from the model was extracted, the time 
factor vs. percentage settlement and time factor vs. 
excess pore water pressure dissipation at mid-height 
was calculated and compared with the graph given by 
Davis and Raymond. 
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The simulation result and the actual experiment of 
void ratio vs vertical stress are closely matching to one 
another. The soil showed a hysteresis loss loop in the 
experiment, which could not be modeled by the MCC 
model. Since the  𝜆 and 𝜅 values for the model were 
determined from the best-fit curve, the stress-void ratio 
points predicted by the model are not the same 
everywhere as compared to the real experiment. 
However, overall, the two graphs have a good match.  

 

Fig. 8 Dial gauge settlement reading 20 KPa  to 40KPa to 90KPa (Reloading stage 1 & normal consolidation 
stage 1 as shown in Fig. 6) 

B. The result from the comparison of the MCC 
model with the non-linear consolidation theory given 
by Davis et al. 

The percentage settlement vs time factor graph 
from the model and solution given by Davis et al is 
presented in Error! Reference source not found. 
given below. Also, the excess pore water pressure 
dissipation is shown in the same figure Fig. 8. The 

graph presented here was extracted from the original 
paper given by Davis et al and our data from the 
ABAQUS was plotted onto the graph by using 
AutoCAD. 
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The time-based dial gauge settlement behavior was 
also extracted from the analyzed model. Only the 
result from the loading range of 20KPa-40KPa-90KPa 
(Reloading stage 1 & normal consolidation stage 1 as 
shown in Fig. 6) is presented in this paper for brevity. 
The simulated and experimental observation of the dial 
gauge settlement reading is shown in the 
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Fig..9 Solution for percentage settlement and percentage dissipation of maximum pore pressure 

(FEM solution data plotted on an original graph from E. H. Davis & Raymond, 1965 using Auto-CAD) 

 

Here it can be observed that the percent excess pore 
pressure dissipation at the mid height of the soil 
specimen and the percentage soil settlement match 
exactly with the theoretical solution given by Davis et 
al even though the 𝑚  calculated from the MCC model 
was fundamentally different than the 𝑚  calculated 
using Davis et. al. The reason behind this is that indeed 

the void ratio did not vary by much by a large value 
which had minimal impact on the mv.value. Only 3% 
difference in the value of 𝑚  calculated from the MCC 
model and Davis et al was observed up to the load of 
80KPa as shown in Fig. 10 where 𝑚  was calculated 
as per (22) and (27).

 
Fig. 10 𝑚  from Davis consolidation theory as a percent of 𝑚  from modified Cam clay model 

Initial load at 5KPa, final load to 320 KPa 
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 CONCLUSION 
The modified cam clay model simulates the soil 

deformation behavior very well, not only in elastic 
deformation range but also in elastoplastic 
deformation range. The solution of the excess pore 
water dissipation given by the Modified Cam Clay 
model matches well with the non-linear  modified 
consolidation theory given by Davis and Raymond. 

 

 REFERENCES 
[1] R. O. Davis and A. P. S. Selvadurai, 

Plasticity and Geomechanics. Cambridge University 
Press, 2002. 

[2] A. Schofield and P. Wroth, “Critical State 
Soil Mechanics.” 

[3] M. Budhu, “SOIL MECHANICS AND 
FOUNDATIONS, (With CD),” 2008. 

[4] B. Riad and X. Zhang, “Closed-Form 
Formulation for Continuous Prediction of at-Rest 
Coefficient for Saturated Soils,” Int. J. Geomech., vol. 
19, no. 10, 2019, doi: 10.1061/(ASCE)GM.1943-
5622.0001491. 

[5] K. L. Dev, R. J. Pillai, and R. G. Robinson, 
“Estimation of Critical State Parameters from One-
dimensional Consolidation and Triaxial Compression 
Tests,” Indian Geotech. J., vol. 43, no. 3, pp. 229–237, 
2013, doi: 10.1007/s40098-013-0063-5. 

[6] E. H. Davis and G. P. Raymond, “A Non-
Linear Theory of Consolidation,” Géotechnique, vol. 
15, no. 2, pp. 161–173, Jun. 1965, doi: 
10.1680/geot.1965.15.2.161. 

[7] P. Buck, “Reference Manual – Volume I,” 
vol. II, no. 132012, 2006. 

[8] Properties of Soils APPENDIX. U.S. 
Department of Transportation Publication No. FHWA 
NHI-06-088 Federal Highway Administration. 

 

KEC Conference 2021, April 18, 2021 
“3rd International Conference On Engineering & Technology” 
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

61


