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Development of a correlation between Dynamic Cone Penetration Index (DCPI) and

California Bearing Ratio (CBR) for tropical soil conditions
ABSTRACT

As a design input for structurally designing a road pavement, for the assessment of subgrade
strength in Mechanistic-Empirical (M-E) based designs, the design Level 2 could be utilized
mainly as a feasible & preferred option because it is easily obtainable and less costly than Level
1, provided we have the necessary correlations established for material input characteristics, in
this case, the subgrade strength. Level 2 needs to get empirical correlations which have to be found
by undertaking/carrying out studies to establish correlations for the California Bearing Ratio
(CBR). This research is aimed at developing a correlation for CBR vs Dynamic Cone Penetration
Index (DCPI) with the consideration of the moisture-density variation of soil representing wet and
dry seasons in Sri Lanka and being a tropical country, its application for the tropical environment

as well.

The DCP test offers simplicity and effectiveness in assessing subgrade strength based on
penetration depth per blow count. Therefore, establishing a correlation between DCPI and
laboratory CBR emerges as the optimal approach for predicting subgrade strength in terms of

CBR.

Soil data samples representing the Wet Zone and Dry Zone of Sri Lanka consisting of various
types of locally found soils that are typically predominant in pavement construction were
considered for this study. Seasonal variations are captured by analyzing soil strength data during

the monsoon and inter-monsoon periods, effectively characterizing the wet and dry seasons.

These datasets are afterward analyzed using a multivariable regression analysis approach to form

a relationship between CBR, DCP result, density, and moisture content.

CBR to DCPI relationship was determined for the inherent soil types consisting of GC, SC, SM
& SM-SC separately for Zone 1 (Wet Zone) and Zone 3 (Dry Zone) of Sri Lanka and for both dry
season and wet season of the zone so the soils physical properties in their natural state and

controlled state are represented.



Derived equations followed the trend of already established correlation patterns and could be
validated. Three (3) equations were developed for Zone 1 and six (6) equations for Zone 3 for
single independent variable DCPI in predicting CBR in a power relationship. The relationship of
CBR2 which is CBR under field conditions, vs DCPI was found to give higher R? than CBR1
which is CBR at optimum conditions, meaning that DCPI is stronger in predicting CBR cast under
field conditions. CBR2 is the parameter to consider in pavement overly designs on existing road

pavements while CBR1 is the parameter considered for new road pavements.

Further improvement to the CBR vs DCPI relationship was undertaken by incorporating Moisture,
Density, and the Degree of Compaction (DOC) parameters, all taken as two independent variable
combinations in three different cases. From this analysis, Forty-Three (43) Equations with
different combinations resulted in achieving unique improved correlations with the influence of

Moisture, Density, or DOC as the case may be.

From this research study, it came to light that a better reliable correlation existed for Lab CBR
cast under field conditions to DCPI than Lab CBR cast at OMC & MDD. A set of representative
equations were derived for inherent soil types under different conditions in subjective zones. By
incorporating a second variable to take the effect of moisture, density & degree of Compaction,
CBR cast at optimum conditions too produced acceptable correlations to give acceptable
predictions from DCPI. The produced family of curves for the given governing conditions can be
conveniently referred to in predicting the desired CBR simply from a DCP test as the design input

in pavement designs and enhanced as a correlation equation for CBR in M-E pavement designs.

In this study, the sample data comprised a limited number of districts covering the zone, and hence
it is suggested to include more data from many other districts for better reliability of the prediction
models. This study should be extended to include the remaining zone which is the Intermediate

zone as well.
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