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Soil similarity and data bank 

Similarite du sol et la banque de donnees

S.Andrei, S. Manea & L. Jianu -  Technical University of Civil Engineering, Bucharest, Romania

ABSTRACT: Research results are presented concerning a method for systematization, stockage and retrieval o f geotechnical 

informations based on soil similarity expressed by analogy of prints and close values for area ratio. The print is a geometrical figure 

whose shape and size are determined by particle size distribution and plasticity o f soil. For a similar behaviour the soil must have the 

same state o f moisture and compactness. The paper presents application of these principles to soil studies and to the creation of data 

bank, enabling to forecast the parameters o f analogous soils.

RESUME: On presente une methode pour la systematisation, le stockage et la reutilisation des informations geotechniques, basee sur la 

similitude des sols exprimee a l'aide des empreintes et des valeurs proches de leurs aires relatives. L'empreinte est une figure 

geometrique simple construite a partir de la granulosite et de la plasticite du sol. Pour avoir un comportement similair le sol doit aussi 

avoir le meme etat d'humidite et de serrage. La communication presente l'application de ces principes a l'etude des sols et a la creation 

d'une banque des donnees geotechniques permettant de prevoir les parametres des sols analoques.

1 INTRODUCTION

The studies and researches undertaken from the elaboration of 

geotechnics, as an independent discipline o f civil engineering till 

today led to an accumulation of an impressive number of 

informations concerning the behaviour o f soils submitted to 

mechanical, hydraulic o f thermic stresses. Unfortunately, during 

the investigation and studies for new foundations or earthworks 

these useful informations are not entirely re-used concerning 

similar soils.

On the other hand, one may be observed there is a deep gap 

between the level o f researches, achieved with sophisticated 

apparatus and the way to approach practical problems. This fact 

may be explained by the lack of such expensive apparatus in 

current laboratories. This situation is more difficult due to the 

wide variability o f geotechnical parameters, whose values are 

mainly determined by the nature and state o f the soils. This fact 

is obvious especially for unsaturated soils, where there are no 

bi-univocal correspondence between moisture and density state, 

and due to this fact the determination of soil parameters is very 

difficult. Or, in most cases, especially in zones with continental 

climate the foundation ground or compacted soil embankment 

for roads, railroads, dams etc., are in unsaturated state.

The transfer o f accumulated experience is also hobbled by the 

manner o f soil characterisation in different countries, which 

usually is maid by inserting the considered soil in classes, 

categories or groups, separated by subjective criteria.

Starting from the above mentioned situation and benefiting of 

a long experience concerning the unsaturated soil research we 

elaborated a method for stockage and re-use o f geotechnical 

informations based on soil similarity.

2 SOIL PRINTS AND STATE DIAGRAM

This method takes into account the main factors determining soil 

behaviour, namely: al the nature o f soil material (characterized 

by grain size distribution, plasticity, mineralogical and chemical 

composition) and b/ density and moisture state.

The soil nature is suggestively expressed by a geometrical 

figure called «print» while its state is represented in a diagram, 

having the water content w (%) in abscissa and the volume 

V=100/pd corresponding to 100 grams o f skeleton in ordinate.

Figure 1. State diagram and state path.

This state diagram has the advantage that equal physical 

parameters like void ratio (e), specific gravity of solids (ps), dry 

density (pd), volumic water content (0), degree of saturation (Sr) 

correspond to straight lines (Fig. 1). On this state diagram (w,V) 

may be drawn curves of equal hydraulic (suction, permeability) 

and mechanical (compression, shear strength) parameters and so 

that it is possible to follow the state changes «state paths» and 

thus the variation of geotechnical design parameters. The soil 

print A, has Casagrande's diagram in the first quadrant, the 

activity chart in the second quadrant, the grain size distribution 

curve in the third quadrant, and a point P4 in the fourth quadrant 

(Fig. 2). The point Pi represents the soil in Casagrande diagram 

(wl,Ip). The point P2 represents the soil activity in the second 

quadrant, either by Skempton's activity index IA = Ip/x2,j 

corresponding to the slope of the line OP2, or by the activity 

domain as suggested by Van den Merwe, 1975. Only the portion 

between dio (point P 10) and d9o (point P90) from particle size 

distribution curve is retained for cohesionless soils in the third 

quadrant. Alternatively only the portion d ^  (P90) to d2ll (P21J  is 

retained for fine grained soils. The size distribution curve of 

pore dimensions can also be represented in the third quadrant, 

both for the soil under consideration and for the geotextile which 

may be inserted into the soil. The point P4 in the fourth quadrant 

has the liquid limit, wl, as abscisa and the same ordinate as that 

of lower point (d 10 or d2(J) in the third quadrant.
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By linking the points Pi, P2, P90, P 10 (or P2̂ ) P* and Pi from 

neighbouring quadrants, a simple geometrical figure called «soil 

print» is obtained. Its size and shape show the soil nature. In the 

case of non-plastic soils, the points Pi and P2 fall on each other 

in the origine while point P4 lays on vertical axis. For this kind 

of soil the print is contained only in the third quadrant. As the 

soil activity to water increases, its print is larger in size and 

resembles more and more to a rectangle.

In order that the print shape should be independent of 

drawing scale, a reference circle is drawn and the its centre in 

the origin of axes having diameter equal to 100 %. This circle 

passes through the points w l  = 50%, Ip = 50%, xj = 50% and 

d = 1 mm.

Correlations between different geotechnical parameters and 

the print coordinates (wl, Xj, d) can also be shown in the first, 

second and fourth quadrant. For instance in the first quadrant 

there are represented correlations between plasticity index and 

water contents corresponding to sorption indexes pF2 and pF3 

established by Croney (1977). In the second quadrant should 

also be represented a correlation between IP and d2M. In the 

fourth quadrant using a logarithmic axis for permeability, 

coefficient k may be represented according to Allen-Hazen's 

correlation for uniform medium sands: k = c d2|o (log k = log c + 

+ 2 log dio). On the vertical side of the print in the fourth 

quadrant may be drawn a small horizontal segment which will 

be reported to a logarithmic scale for soil sensitivity (ratio 

between disturbed and undisturbed strength). This value presents 

a special interest for quick clays. A similar procedure may be 

used for the value of blue methyene value (bleu de methylene) 

used in French classification of soils.

One of the essential advantages of the print is that the 

identification of soil nature is based on laboratory test data 

which are objective and that it does not make use o f the more or 

less arbitrary criteria, as used by the different classification 

systems.

As any change in soil nature is mirrored in a difference in size 

and shape, the print is used for its global characterisation. For 

this aim the print area ratio, A, may be defined:

A. =
Pr int area

Re ference circle area
(1)

It is interesting to remark that it is a close correlation between 

area ratio Ar and specific area Asp (Fig. 3).
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Figure 3. Correlation between area ratio A , o f  print and specific  area

A sp o f  different soils.

Due to the fact that in many cases the particle size 

distribution curve o f a fine-grained plastic soil may be 

approximated with a straight line the determination o f area ratio 

is veiy easy by using the relation:

( lp +185)(w l  +0.5 x 2m +45) (ip+  185)(wL+0.5x2ll+45)

' It , -  7RS4
100
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For coarse granulated soils when the print exceeds xj-axes the 

corresponding portion must be considered as having a negative 

sign.

Taking into account this rules the mean area ratio was 

determined for soil groups mentioned in Romanian standard 

STAS 1243: boulders (Ar = -0.309), cobbles (Ar = -0.178), 

coarse gravel (Ar = -0.007), fine gravel (Ar = 0.107), coarse sand 

(Ar = = 0.455), medium sand (Ar = 0.499), fine sand (Ar =

0.758), silty sand (Ar = 1.591), sandy silt (Ar = 1.771), silt (Ar = 

1.928), clayey sand (Ar = 2.142), clayey-sandy silt (Ar = 2.235), 

clayey silt (Ar = 2.397), sandy clay (A, = 2.926), sandy-silty clay 

(Ar = = 2.962), silty clay (Ar = 3.053), clay (Ar = 3.891), heavy 

clay (Ar = 4.392).

When the soil contains coarse fragments for the characteriza

tion o f its nature it is also necessary to take in account the 

diameter dso, corresponding to 90 percent.

3 SOIL SIMILARITY

The comparison o f Ar ratios o f two soils can be used to establish 

the similarity o f the nature o f the two soils. If Arj and Arj are the 

print area ratios o f two soils i and j, the print area difference,

A A , = |A r i - A rj|

or the similarity coefficient, can be defined: 

A r: +A  ■
A =-

2 A A.

(2)

(3)
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The high value of An is the first condition for two soils to 

present a similar behaviour. For two completely identical soils, 

An = °o and A Ar = 0.

In order to verify that two soils with similar prints have 

similar behaviour the results o f resonant column tests on a loess 

from Vicksburg, USA (Skoglund and Marcuson, 1976) and on a 

loam of Sterrebeek, Belgium (Brull, 1983) were compared. The 

print area ratio is Ari = 1.930 for loess and A r2 = 1.751 for loam. 

The similarity coefficient is

A =
1.930+1.751

2(1.930-1.751)
= 10.282

At the same density state (V = 60 cm /100 g) and water content 

(w = 20.4 %) and for the same confining pressure, a  = = 40 kPa, 

the following dinamic moduli were measured: Ed = 

= 105.9 MPa, Gd = 39.7 MPa for the loess and Ed = 89 MPa and 

Gd = 40.1 MPa for loam (Fig. 4). The relative differences with 

respect to mean values (Edm = 97.4 MPa and Gdm = 39.9 MPa are 

A Ed/Edm = 8.7 % and A Gd/G<im = 0.5 %. It appears that two 

soils having a high similarity coefficient (An = 10.282) have 

almost identical behaviour parameters when tested at the same 

state o f density and water content.

climate (black cotton soils from India, Ar = 3.830 + 5.670).

For natural kaolinites from different continents area ratio 

range is Ar = 3.837 + 4.162. Similar conclusions may be 

deduced for Na-montmorillonite from the Czech Republic (A, = 

42.528) and India (Ar = 39.750) which have a similarity 

coefficient

42528 + 39.750 

: 2142.528- 39.750|
: 14.809

As it was shown above when this coefficient is more than 10 the 

first condition for similar behaviour is accomplished.

From figure 5 where is given a synthesis o f the above 

mentioned researches concerning the characterization o f soil 

nature by area ratio Ar and diameter it is obvious that similar 

soils are placed in the same domain even if  they are resulted 

from different continents. The distance between the points 

corresponding to considered soils is smaller their similarity is 

bigger. On the lower right part o f the same figure 6 the broken 

lines was also drawn corresponding to most desirable domains 

for vibroflotation of sands and to the sand susceptible to 

liquefaction.

Figure 4. Curves o f  equal dynam ic m oduli Ed and Gd.

This result encouraged us to study the similarity based on 

print area ratios for soils from different climatic regions.

A large number o f soils from Romania and abroad ranging 

from gravel and sands to active clays were analysed with respect 

to their print area ratios, Ar. Some o f the results obtained so far 

are presented as follows.

For instance the prints o f erodable sands from the United 

Kingdom and USA mentioned by Hutchinson (1961) have print 

area ratios between 0.524 and 0.756. The sands studied by 

Schultze and Moussa (1961), Bjemim (1961), Soeiro (1961) 

have the print area ratio ranging between 0.493 and 0.618.

The silts from Rhine Basin (Schultze and Kotzias, 1961) have 

the print area ratio between 1.52 and 2.12, while a silt from 

Cranbrook, Canada (Lee and Fredlund, 1984) has Ar = 1.735.

For lateritic soil from different continents (Africa, Australia) 

area ratio lies between 1.424 and 2.178 and the diameter d9o 

between 7 and 40 mm.

The same conclusion may be deduced for glacial tills from 

Ireland (Ar = 2.223), USA (Ar = 3.018) and Canada (Ar = 2.430 

+ 2.619), and for expansive clays from temperate climate 

(Canada: Ar = 4.293 + 5.810; Romania: Ar = 

= 4.227 + 5.260; South Africa: Ar = 4.050 + 5.075) or tropical

4 APPLICATIONS

To illustrate the manner of application o f above described 

method to forecast the soil behaviour the compaction process 

will be considered. For instance the laboratory and field test data 

made in UK by Road Research Laboratory for five soil types 

gave us the opportunity to obtain state diagrams for this soils. 

Representing on the same state diagram the points corresponding 

to the optimum state of compaction in laboratory or in the field 

with different equipments for the five studied soils and taking 

into account their area ratios it is possible to forecast by 

interpolation the optimum state for the considered soil.

In a similar manner the value of CBR using the data obtained 

by Davis (1949) may be forecast for six soils from sandy gravel 

(Ar = 0.532) to heavy clay (Ar = 4.350).

The use o f prints during many years made conspicuous the 

following advantages:

— represent an easy and objective expression o f soil nature or 

composition and a facile identification of considered soil; 

generally for this aim it is sufficient only one number (area 

ratio Ar) or more seldom two numbers (Ar and d9o) when the 

soil contains coarse fragment and this fact makes easy to 

stock and to retrieve desired information by computer;

— avoid the use of arbitrary criteria for soil classification but in 

the same time, by superposing the print on the domains 

corresponding to classes or groups corresponding to different 

classification system used in USA (ASTM, AASHO, FAO), 

UK, France and Romania, it is easy to establish to whose 

category belongs the considered soil; the use o f area ratio Ar 

and diameter d ^  makes easier this comparation; by this way 

it is possible to use the whole accumulated experience con

cerning the behaviour o f similar soils belonging to above 

mentioned classes or groups;

— allow to draw on the print diagram the existing correlations 

between parameters defined by the axes.

The use of state diagrams (w,V) presents the following 

advantages:

— linearization o f curves corresponding to equal physical 

parameter concerning moisture and compactness; on such a 

diagram it is easy to draw the state paths due to mechanical 

and hydraulic actions and to evaluate any changes of water 

content (A w) or volume A V; for instance the representation 

on a state diagram of double or treble oedometric
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Figure 5. Dom ains corresponding to different cohezive and un-cohesive soils.

compression tests with different initial water contents give 

the possibility to draw state paths and by joining the points 

corresponding to the same applied pressure to obtain a 

family o f curves o f equal structural resistance which allow 

the evaluation of settlements o f unsaturated soils; also on the 

state diagram curves o f swelling or shrinkage may be 

represented;

-  representation of curves o f equal geotechnical parameter like 

suction (h), permeability (k), modulus o f compressibility (E), 

shear resistance (<t> and c), unconfined compression strength 

(qc) etc.

5 CONCLUSIONS

The conjoined use of prints and state diagrams allows a 

systematic study o f soil behaviour subjected to different actions 

and the stockage of obtained informations in a data bank based 

on the characterization o f nature by area ratio Ar and 

occasionally by d9o. In the same time there are stocked the key 

words referring to geotechnical parameters; for instance 

«compaction» and ((laboratory)) for results from Proctor's tests or 

((compaction)) and «field» for results obtained during the site 

experiments with different equipments a.s.o.

Based on these principles we are collecting in a memory of 

personal computer all available geotechnical informations 

concerning behaviour o f different similar soils from Romania 

and abroad. Certainly an international cooperation will 

accelerate the creation of such a geotechnical data bank.
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