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ABSTRACT: Over-consolidation ratio (OCR) is an important geotechnical parameter for predicting undrained shear strength, lateral 
pressure ratio and settlement of clayey ground. Based on the reliable data of consolidation test results of samples taken by piston tube and 
piezocone, relationship between over-consolidation ratio and normalized penetration resistant is established and analyzed. The results show 
that the relationship of the two quantities can be presented by linear function with coefficient k*, which ranges from 0.17 to 0.22. Using the 
normalized cone resistance Qt allows analyzing behavior and stress state of over-consolidated clay more reasonable than the corrected 
resistance qt. 
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1. SOME RESULTS OF RELATIONSHIP BETWEEN 

OCR AND RESULTS OF CONE PENETRATION TEST 

Predicting OCR from cone penetration test (CPT) results has been 
carried out since 1978. The methods of determination can be divided 
to 3 main groups: (i) experimental method based on undrained shear 
strength Su, (ii) the method based on shape of cone resistance graph 
and (iii) direct method.  

In 1978, Schmertmann proposed the method to estimate OCR of 
clayey soils based on CPT results. The method was based on 
undrained shear strength Su from cone resistance qc accounting on 
the concept of normalized value (SHANSHEP) to establish the 
relationship between  Su/’vo and OCR.  

The first studies of OCR from CPTu were presented by Baligh 
(1980). He found out that the more value of u1/qc the lower OCR. 
Besides, the value of u1/qc is reliable enough to estimate the small 
OCR value (1≤OCR≤2).  

Campanella and Robertson (1981) proposed to use dynamic 
stress factor (um/qc) instead of total pore pressure factor (um/qc) and 
the pore pressure measured in position u2 instead of position u1. 
Tumay et al. (1982) suggested using um/qc value as an index of 
OCR vs. depth. These results show that the value of um/qc reduces 
when OCR increases. 

The figure of CPT graphs also allows estimating pre-
consolidation pressure pc and OCR value. For normal consolidated 
soil, normalized cone resistance (Qt) depends on plastic index Ip and 
it can be expressed as: 
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Therefore, if the Qt value is more than the upper bound value 
then it means the soil is considered over consolidated. It follows 
that, if the value of Qt is close to the limited line then the soil is 
considered normal consolidated, if it is below the line then under 
consolidated and if it is above the line then over-consolidated.  

Baligh (1980) has shown that the measured pore pressure during 
penetration can present the stress history. Then, the relationship 
between OCR and normalized cone resistance or normalized pore 
pressure can be established.  

Mayne (1991) introduced the calculation method based on cone 
indentation and limit state theory and convinced that:  

1.33

2
'

1
2

1.95 1
t

vo

q u
OCR

M 
  

      

 (2) 

Where: M  6sin '

3 sin '

- slope of critical state line. 

For light over-consolidated soft clay, qt usually has small value 
meanwhile u2 has tendency to the bigger value. Hence, the value of 
(qt – u2) is usually small and unreasonable some times. In some 
cases with available test results, the correlation in formula (1) can be 
simplified as below:   
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Where: k = 0.2 ÷ 0.5, average of 0.3; k may be bigger in heavily 
over-consolidated soil (Powell et al., 1988). 

OCR value plays an important role in the degree of accuracy of 
predicting settlement. The consolidation testing results with 
sampling by piston tube allow getting the more reliable OCR value 
which is bigger in comparison with sampling by thin walled tube. 
Besides, piezocone test is expensive and rarely used in investigation 
for small project. The established relationship of OCR value and 
normalized penetration resistant is the reliable data for references 
and allows getting the necessary characteristics for design when lack 
of data.  
 
2.   OVER-CONSOLIDATION FEATURE OF CLAYEY 

SOILS IN SOUTHERN VIETNAM ACCORDING TO 
PIEZOCONE 

In Southern Vietnam, a thick layer of saturated soft clays distributes 
throughout all the area. It includes Mekong (the analyzed data was 
collected in Ca Mau province) and Dong Nai (the analyzed data was 
collected in HCMC and Vung Tau) alluvial deposits. Below the soft 
clayey layer, there is a layer of either stiff to very stiff clay or fine 
sand. 

The general soil profile at Ca Mau power plant area is described 
as below: 
-  Loose fine sand. This layer has just been filled a couple of months 

before the soil investigation (Oct. 2013). The thickness of the 
layer is about 0.5 to 2.0 m. 

- Layer 1 - greyish blue, blackish blue, soft clay, high plasticity. 
This layer is majority of alluvial marine clay (am QIV

2-3
2) with some 

shell and organic content. The distributed depth ranges from 15.86 
m to 16.35 m. Thickness of layer 1 is about 15.4 to 16.1m and more. 
The properties of soil are shown in Table 1. 
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