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Introduction 

A saturated soil mass of silt-CaC03 matrice can be regarded as a homo
geneous saturated soil mass consisting of two phase medium, viz., solid 

and liquid phases. The solid phase consists of soil skeleton and the liquid 
phase consists of brine water present in the pores of the soil mass, Biot 
(1956). It has been proved theoretically by Ishihara (1968) that the wave 
propv.gation velocity through saturated soil media depends upon the type 
of soil, void ratio, stress history, nature of pore fluid and stru:ctural arrange
ment of the soil particles. On the other hand the experimental and theoreti
cal works done by the various geotechnical research workers such as Lambe 
(1951), Henkel (1959), Abbot (1960), Penman (1952), Schultze, E. and Horn, 
A. (1965), Whitman (1960) have, also confirmed that the geotechnical proper
ties of soils such as liquid limit, plastic limit, cohesive strength, angle of inter
nal friction, bulk compressibility etc. depend upon the soil type, void ratio , 
degree of saturation, soil structure, stress history :md nature of pore fluid. 
Hence if the degree of saturation is made equal to one the factor& affecting 
the geotechnical properties will be same as that for the wave propagation 
velocity through the saturatedl soil mass. Under this theoretical background 
the research work for correlating the acom:tical velocity of saturated silt 
CaC03 soil matrices with their various geotechnical properties has been 
taken up. The previous work done by Jakhanwal and Singh (1983), showed 
that the acoustico-geotechnical properties of off-shore soils (received from 
oil and Natural Gas Commission, Bombay High) get affected by the presence 
of carbonate in the saturated soil mass. It was then recommended that a 
systematic study is required to study the effect of carbonate on the acoustico
geotechnical properties of soils. 
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Accordingly a systematic study has been conducted to study the effect 
.. ' of variation of Ca.COs in the brine saturated soil mai>s on its acoustical and 
r geotechnical properties. The acoustical property has been determined in 

the special apparatus viz. ultrasonic monitoring triaxial apparatus for soil 
testing (UMTA) designed and fabricated by Singh and Jakhanw::i.l (1982), 
and the geotechnical properties have been determined as per Indian standard 
code of practice given for respective tests. 

The test results indicate that the acoustical velocity increases with the 
increase in percentage of CaCO3 in the soil ss;mple. The liquid limit, plasti
city index, bulk compressibility and angle of internal friction can be empiri
cally related with the p-wave acoustical velocity of the brine saturated silt
CaCO3 matrices determined under an effective alround cell pressure of 0.5 
kg/cm2 in ultrasonic monitoring t1iaxial apparatw, (UMTA). 

The finding of the present research points towards the possibility of 
predicting the geotechnical properties of general marine soils by using non
destructive ultrasonic test techniques in future. However, due to the limited 
work done till now intensive experimental and theoretical work is needed 
before coming to the above conclusion in a final way. A check on the effect 
of mineralogical composition of marine soil on its acoustico- geotechnical 
properties is also required to be made. 

i Test Procedure 

In this section the method of s~i,mple preparation and a brief resume of 
test procedure adopted are given. 

Preparation of Sample 

In order to make the results comparable it became necessary to prepare 
samples under uniform conditions in which only the percentage of CaCOa 
varied from sample to sample. To achieve this the following procedure 
for laboratory preparation of soil sample was adopted. 

The locally available soil whose properties are listed below was air dried 
and then sieved through Indian Standard sieve No. 36. 

Some basic properties of the local silt soil used are : 

Specific gravity - 2.69 

Liquid Limit % - 22 . 45 

Plastic Limit % -20.20 

Plasticity Index - 2. 25 

Group classl:fi.cation - ML 
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The required percentages of CaCO3 were added to the local soil. The 
value of liquid limit of this soil CaCO3 mixture was determined separately ~ 
by taking out small amount of sample from the bulk. The artificially pre
pared marine water (Gross, 1976) [refer Table-11 equal to twice the value of 
liquid limit was gradually added to the Soil-CaCO3 mixture so as to 
get an uniform slurry. This uniform slurry was transferred to a modified 

C.B.R. mould (shown in Fig. 1 ). The load on the slurry was increased in 
small steps upto 1.5 kg/cm2 , starting from the seating load of 0.05 ~g/c_m2

• 

The sample was kept saturated during the entire process of consolidation. 

TABLE 1 

Composition of the marine water (after Gross, 1976) per 1000 gm of solution. 

Nacl 23.48 gm NaHCO3 
0.192gm 

MgC12 4.98 gm KBr 0.096 gm 

Na2S04 3.92gm H 3BO3 0.026 gm 

CaC12 1.10 gm SrCJ2 0.24 gm 

KCI 0.66 gm NaF 0.003 gm 

When the sample becii.me finally consolidated under this load of 1.5 
kg/cm2, the C.B.R. mould wz.s taken out from the loading frame an'<l the 
soil samples were extracted in the sampling tubes for triaxial soil testing. 

The above procedure was repeated for soil samples conai.ining diffe
rent percentages (viz. 0 %, 5%, 10%, 20%, 30 % and 40%) ofCaCO3 • 

Determination of Acoustical Properties 

The determination of acoustical property (p-wave velocity) was done 

i 
I 

in a special apparatus called ultrasonic monitoring triaxial p.pparatus for 
soil testing (UMTA). The schematic diagram of the apparatus is given in 
Fig. 2. The samples collected in the sampling tubes were extracted and , 
trimmed to the standard size. Then it was placed in the UMT A a.s shown ~ 
in the figure. Initially the cell pressure a.nd the back pressure were increa.sed 
simultaneously upto l.5kg/cm2

• A back pressure of l.Skg/cm2 was found 
to be sufficient for completely siiJurating the sample under the application of 
back pressure by disolving the air present in the pores of the soil (Jakhanwal, 
1983). Thereafter the back pressure was kept constant and the alround 
pressure was increased to 2.0kg/cm2 so as to give an effective cell pressure 
of 0.5kg/cm2

• The sample was allowed to drain under this effective cell 
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FIGURE 1 Loading Frame with C.B.R. Mould 

pressure. When the sample got consolidated under this cell pressure comple
tely, the time-lag between the transmitted ultrasonic pulse through the bot
tom probe and the received ultrasonic pulse through the top probe were 
determined. Calibration time-lag, which is the time taken by ultrasonic 
wave to travel between the transmitting probe and the receiving probe (with
out sample) was deducted from the total time-lag to get the time of travel 
of wave through the soil sample only. The length of the sample divided by 
the time of travel of the above wave through the soil sample gave the value 
of acoustical velocity through the soil sample. 

Determination of Geotechnical Properties 

The liquid limit, plastic limit, bulk compressibility, cohesive strength and 
angle of internal friction were determined in the laboratory in case of each 
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FIGURE 2 Ultrasonic Monitoring Triaxial Appratus 'UMTA' 

sample as per the recommendations of Bureau of Indian standard for the 
various tests. The soil classification test results of the various CaCO3- silt ,;i;-
matrices used in the test are given in Table-2. 

Test Results 

The observed test results have been presented in the following figures. 

Fig. 3 represents the variation of liquid limit (L.L.) with the variation of 
percentage of CaCO8 in the soil sample. 
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TABLE 2 

' .... 
r- Soil classification test results. 

% of specific liquid plastic plasticity soil 
CaCO3 gravity limit limit index type 

0 2.69 22.45 20.20 2.25 ML 

5 2. 67 27.50 21.64 5.86 ML 

10 2.66 29.84 24.00 5.84 ML 

15 2.65 32.22 26. 10 6. 12 ML 

20 2 .60 36.20 28.00 8.20 MI 

30 2 .58 42. 10 32.10 10.00 MI 

40 2 .57 48.00 36.00 12.00 Ml 
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FIGURE 3 Variation of Liquid Limit with % CaC03 

Fig. 4 represents the variation of plasticity index (P.I.) with the variation 
of percentage of CaCO3 in the soil sample .. 
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FIGURE 4 Variation of Plasticity Index with % CaCO3 

35 40 

Fig. 5 represents the variation of Bulk compressibility (Cb) with the 
variation of percentage of CaCO3 in the soil sample. 

Fig. 6 represents the variation of cohesive strength (c) with the variation 
of percentage of CaCO3 in the &oil sample. 

Fig. 7 represents the variation of Angle of internal friction (,p) with the 
percentage of CaCO3 in the soil sample. 

Fg. 8 represents the variation of Acoustical velocity (Vn) with the percen
tage of CaCO, in the :,oil sample. 

With the help of the test results mentioned above the following graphs 
are deduced for correlating the acoustical properties of brine saturated 
carbonate soils with their corresponding geotechnical properties. 

Fig. 9 represents the variation of liquid limit (L.L.) with acoustical velo
city of the soils containing different percentages of CaCO3• The nature of 
the curve indicates that with the help of acoustical velocity the liquid limit 
of the soil ca.n be predicted. An empirical equation governing the relation
ship between the acoustical velocity and liquid limit has been obtained, 
which is given below. 

Vn = 1000 log (L.L.) + 318 (1) 
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FIGURE 5 Variation of Bulle Compr~ ibility with % CaCO3 

Fig. 10 can be used for predicting the plasticity index (P.I.) of the soils 
tested with the help of acoustical velocity. An empirical equation for corre
lating the acoustical velocity with the plasticity index of the soil has been 
derived. The derived relationship is as follows 

Vn = 777.78 log (P.I.) + 748.9 (2) 

Fig. 11 represents the correlation curve obtained for predicting the bulk 
compressibility (Cb) of soil with the help of acoustical velocity data. 

Fig. 12 represents the correlation curve between the cohesive strength 
(c) and the acoustical velocity of the soil. 

Fig. 13 represents the variation of Angle of internal friction(</,) with the 
acoustical velocity of the soil. The empirical relationship derived for corre
lating angle of internal friction with the acoustical velocity is given below. 

,/>0 = - 0.03Vn + 82.5 (3) 

Fig. 14 represents the variation of Acoustical velocity (Vn) with the in
crease in percentage of CaCO3 in the soil sample. The nature of the curve 
indicates that the acoustical velocity increases with the increase in percentage 
of CaCO8 in the sample. However the rate of increase in acoustical velocity 
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FIGURE 6 Variation of Cohesive Strength with CaCOa 
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FIGURE 8 Variation of Acoustical Velocity with % CaCOa 
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values with the increase in percentage of CaCO3 decreases after following a 
steep rising trend during the initial stages of increase in the percenta.ge of 
CaCO3 (i.e. 15 % CaCO3) . The acoustical velocity values measured during 
the tests conform to the value ranges obtained by Hamilton et. al. (1956), 
Murty and Muni (1957). The theoretical curve drawn by using equation 
given by Ishihara (1968) has also been presented in this figure as curve II. 
It may be noted that curve II pertains to non carbona,te soils only, and the ~ 
curve I ha:S been obtained experimentally for the marine simulated ca.rbo-
nate soils. 

Discussion of Test Results 

The curves given in figures 3 and 7 indicate that the geotechnical proper
ties of brine saturated soils (such as : liquid limit , plasticity index, bulk 
compressibility, cohesive strength and angle ot intern.al friction) depend 
upon the carbonate content in the soil. A definite trend ot variation is 
observed in case of all the geotechnical properties mentioned above except 
that for the cohesive strength. The reason for this particular exception 
in case ot cohesive strength only could not be ascertained during the course 
of the present research. 

However, the colloidal properties of the CaCO3 particles used may have 
to be investigated. 

Figure 8 indicates that the acoustical velocity of carbonate soils also 
depend upon the carbonate content in the soil. The increase in acoustical 
velocity with the increase in the percentage ot CaCO3 in the sample is in 
conformity with the earlier findings of Jakhanwal and Singh (1983). Figure 
9 indicates that the acoustical velocity increases with the liquid limit and 
hence it can be said that for carbonate soils the liquid limit and the acoustical 
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velocity both increase with the c2.rbonate content in the soil. The empirical 
),- relationship derived between the acoustical velocity and the liquid limit 

points towards the possibility of developing non destructi~e te.st parameters 
in future for the prediction of liquid limit with the help of P-wave acoustical 
velocity of the soil samples determined und:er standard test conditions des
cribed in the text of the paper. Similar findings are made in case of 
prediction of plasticity index and angle of internal friction with the help of 
P-wave acoustical velocity (Refer Figs. 10 and 13). Figures 11 and 12, 
which represent the variations of bulk compressibility and cohesive strength 
with acoustical velocity have got poor coefficient of correlativity. Fig. 14 

.., gives the variation of acoustical velocity with the carbonate content in the 
soil. The curve I gives the strainght line variation of the same with good 
coefficient of correlativity. Except for figures 11 and 12 the coefficient of 
correlativity for all the correlation curve varies in the range 0.78-0.99. 

Although the number of test results are limited, they indicate towards 
an emerging field of research in the areas comprising of geotechnical engi
neering and non destructive testing of soils under full saturation conditions, 
which are similar to that of marine conditions. However, detailed investi
gations are required to verify the results further. Further research work 
is recommended in this direction. 

Conclusion 

The limited research work conducted on brine saturated carbonate silty 
soils under full saturation conditions indicate that the acoustical and geo
technical properties of such type of soils depend upon the percentage of 
CaCO3 in the soil sample. The trend of the test results indicate the liquid 
limit, plasticity index, bulk compressibility, angle of internal friction and 
acoustical velocity have a straight line variation with the percentage of CaCOs 
in the soil sample on a semi-log scale. However the trend of variation of 
cohesive strength with CaCO3 is not a straight line, the reason for this varia
tion needs further investigations. 

Special empirical relationships have been developed for predicting the 
values of liquid limit, plasticity index and angle of internal friction of the 
!.oils with the help of the acoustical velocity determined undet the alround 

...._ pressure of 0.5kg/cm2 using a special apparatus called ultrasonic mointoring 
'triaxial apparatus { U MTA) which was designed and fabricated by the first 
author. These results also indicate that there exists some possibility of 
predicting the geotechnical properties of soils non-destructively. However, 
extensive research work is suggested to be undertaken by different agen
cies in order to consider all the aspects, such as stress history, type of soil, 
minaral composition etc. A much closure study of the variation of P-wave 
acoustical velocity with the change in percentages of CaCO3 is also recom
mended. 
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