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SYNOPSIS

In the beginning of 1991 SPTs performed in the standard way, but complemented by torque measurements were introduced in routine practice by the authors, 

Dicourt (1991a), (1991b), Dicourt and Quaresma Filho (1991). Some other applications of this new test followed, such as its use in non classical materials and 

for the prediction of the ultimate bearing capacity of non displacement piles. Dicourt (1992), (1993). It was found that the ratio of the torque T, measured in 

kgf.m to the corresponding N-SPT value, here designated as the torque ratio (TR) provides engineers with a great amount of fundamental information about
soil behavior.

Many subjects already studied, but up to now lacking practical solutions, might now be easily solved.

The apparent low efficiency of the SPT at shallow depths, the proportion of the end bearing and of the side friction components of the SPT sampler on the N 

values are examples of that. The possibility of differentiating collapsible soils from non collapsible ones through the analysis of T/N ratios is clearly a feasible 

and a most attractive one. The recendy introduced concept of "Equivalent N"(Neq) D i court (1991b) might represent the possibility of extrapolating the 

empirical correlations established in a given region, to others, of a completely different nature. And the torque ratio (TR) seems to be very useful for the 
identification of misleading N-SPT values.

THE SPT WITH TORQUE MEASUREMENTS, (SPT-T)

The idea of complementing the traditional SPT with torque measurements 

was initially proposed by Ranzine, (1988).

However, the first SPT-Ts were performed only in early 1991 by the 

second author under the guidance of the first author.

Upon the 45 cm penetration of the sampler into the ground, the anvil is 

removed. In its place, a sort of pin is screwed on in order to create a male 

type connection. A torque is them applied, using a standard torquemeter 

with a female connection, of the type that is readily available in stores.

The torque is applied by rotating the torquemeter around the rod. 

Normally a half turn is enough for determining the peak value of the 

adhesion between the sampler and the soil. It is important to recognize that 

T is clearly a friction measurement and that N is a strength measurement 

which, as will be shown later, is mosdy related to end bearing. Therefore 

when one compares T with N one is comparing a friction value with an 

end bearing value defining a ratio that is somewhat similar to the friction 

ratio of the Cone Penetration Test (CPT).

It is important to emphasize that torque measurements introduce no 

modifications in the traditional procedure for performing SPT, Dicourt et 

al, (1988) and add only three or four minutes to each test duration.

N-SPT RELATIONSHIPS FOR SOILS OF THE TERTIARY 

SEDIMENTARY BASIN OF SAO PAULO (TSBSP)

Dicourt (1991a) and Dicourt and Quaresma Filho (1991) presented the 

first correlations between torque values and N-SPT values.

Up to this date about 1.200 SPT-T were performed in low sensitivity soils 

pertaining to the TSBSP. (sandy silty clays and clayey sands)

Statistical analyses, using the least square method gave: T (kgf.m) a 1.2N.

It is obvious that the average value of this ratio might vary somehow, as 

time goes by, since the amount of available data is an ever increasing one.

T/N FOR DIFFERENT SOILS

Dicourt (1991b) reported that T/N was also investigated for other soils; 

residual soils of S3o Paulo, pure fine sands of Santos above the water 

level, the same soils, but below the water level and soft marine organic 

clays of Santos, belonging to the quaternary period.

More recendy emphasis was given to the study of the porous red clays of 

SSo Paulo, which are laterites. (Dicourt, 1992).

It is yet not clear why some soils exhibit much higher T/N ratios than 

those belonging to the TSBSP. It is possible that for some soils the value 

of Kq  plays an important role, not only on TR, but also in its variation 

with depth. But the most important single factor affecting this ratio is likely 

to be the soil structure. It seems that the more structured the soil, the 

higher the TR tends to be.

Some statements, made long ago exclusively on the basis of judgment can 

now be proved via torque measurements. A good example of that is the 

recommendation given by Terzaghi and Peck (1948) that for fine sands and 

silts below the ground water level, values of N higher than 15 should be 

proportionally reduced before being used in any correlation.

N _  =15 4
N -1 5

TABLE 1 - T/N VALUES FOR FINE SANDS ABOVE AND 

BELOW THE GROUND WATER LEVEL

DEPTH
(m)

T/N
average for each depth

T/N
average above/below 

w.l.

1.00 0.97

2.00 1.07 1.02

3.00 0.64

4.00 0.42

5.00 0.69

6.00 0.74

7.00 0.70 0.71

8.00 1.08

9.00 0.78

10.00 0.65

□ above water level below water level

Considering the low efficiency of the old U.S. SPT and the efficiency of 

the Brazilian SPT that is around 72%, Dicourt et al (1989) one has:
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(N „).. =10 +
(N„ -10)

^ 72 being the SPT with an efficiency of 72%.

In table I values of T/N are presented for fine Santos sands, above and 

below the ground water level. From the data presented, the influence of 

the generation of negative pore pressures, inducing unrealistic high N 

values, is clearly demonstrated.

EFFICIENCY OF THE SPT

Following the pioneer work by Sclunertmann and Palacios, (1979), and 

Kovaks (1979) many researchers have performed similar measurements all 

over the world. In Brazil these measurements were first made by 

Belincanta(l985) and were repeated on some other occasions, Dicourt, 

Belincanta and Quaresma Filho, (1989).

In all cases the measured efficiencies increased with depth down to the so 

called critical depth that, by definition, is the depth for which the weight of 

the rods equals the weight of the hammer. IMcourt (1989) pointed out that 

the consequence of this much lower efficiency of the SPT for shallow 

depths would result as follows. When testing uniform over consolidated 

clays, the N values for the Brazilian SPT (rod weight of 3.2 kg/m) would 

be expected to decrease with depth, from zero down to 20.0m depth, which 

is the critical depth for this rod. But it seems that this never happens in 

practice.

Since the energy measurements were obviously correct, something else 

should be wrong. One possible explanation is that the assumption of the 

penetration resistance being a function only of the first compression wave 

is not correct. For these shallow depths it is possible that waves other than 

the first might affect the penetration of the sampler into the ground. 

Therefore, it seems that this subject deserve further investigations.

N-SPT values might or might not be affected by rod lengths, but torque 

measurements are clearly unaffected.

In order to investigate the eventual efficiency variation with depth, five 

SPT-T, were performed in a site especially favorable for these 

experiments. The soil at this site is a relatively homogeneous silty clay, 

stiff, brown, belonging to the TSBSP. The ratios of T/N were computed 

and average values were determined for each rod length. In figure 1 

average T/N values were plotted against depth, for depths varying between 

zero and 20.0m. Since lower efficiencies would cause higher N-values, the 

T/N ratio tends to increase with the efficiency of the test.
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considered insufficient to allow reasonable conclusions to be taken.

In figure 2 the same procedure was carried out for the case of the soils 

found at the site of the ABEF-EPUSP Foundation Experimental 

Field.(saprolites of migmatite above the water level).

T/ N

FIGURE 2 - Variation of T/N with depth for saprolitic soils of the 

ABEF-EPUSP, Foundation Experimental Field

Notwithstanding the necessity of much more investigation on this matter it 

seems to the authors that in light of these torque measurements the 

tendency of the variation of the efficiency of the SPT with depth, as given 

by traditional measurements, is clearly unrealistic.

STATICS OF THE SPT-T

Some attempts have been made in order the evaluate the relative 

contributions of the end bearing and of the shaft friction on N-SPT 

values, Schmertmann (1979).

In this paper the end bearing considered is the sum of the actual end 

bearing and of the internal friction. Nowadays it is well known that the 

tendency is that the sampler will plug and the practical effect is that it 

behaves as if it had a closed tip. Niyama, (1992); Randolph et al(1992).

In order to investigate the relative importance of both effects, the second 

author developed a modified sampler for which the shaft had the external 

diameter reduced in 5 mm. This sampler was first used for some 

experiments performed by the second author and it was designated by the 

first author as the QF sampler, in order to differentiate it from the standard 

sampler. It was decided to perform borings using both samplers and also 

with torque measurements.

A large amount of borings were performed at Parque D.Pedro. II, in S3o 

Paulo city. At this site the soil consists almost totally of medium sands. 

These sands are clean, normally classified as basal sands and are scarce, 

especially at shallow depths in the TSBSP.

At round meter depths (1.0m ; 2.0m ...) standard SPT-T were performed 

determining N and T values. At partial depths (1.50m ; 2.50m ...) similar 

penetration tests were performed, but now using the reduced friction, QF 

sampler, determining N' and T' values. It was postulated that the sum of 

the end bearing (Qp) and the shaft friction (Qj) is proportional to N. 

Similarly the sum of, (Qp) and (Qsr) the reduced lateral resistance is 

proportional to N'.

FIGURE 1 - Variation of T/N with depth for O.C. saturated days

In analysing figure 1 no definitive tendency could be visualized. The 

overall average ratio T/N down to a depth of 14.0m is 1.16. For greater 

depths TR seems to decrease. But the number of measurements were

Qp + Qs = f(N) Qn + Qsi *(N*)

Qs and Qsr might be related through torque measurements.
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Q y
Assuming that —— =—Q T> a third equation was them established, allowing

therefore the solution of the system of three equations and three unknowns. 

Since the measurements were made at different depths average values 

rather than individual ones should be used in the computations.

The analysis of the results of some borings in this area, all of them in 

almost pure medium sands led the authors to the conclusion that, on 

average:

Qp = 74%

Q ss 26%

These results seems to indicate that at least for the sands at this site, the 

penetration resistance reflects much more an end bearing than a shaft 

friction behavior.

DIFFERENTIATION BETWEEN COLLAPSIBLE AND NON 

COLLAPSIBLE SOILS

The study of porous clays of the TSBSP led the authors to some interesting 

conclusions. Since these soils are highly structured the T/N ratio might 

reflect its peculiar behavior. D&ourt (1992) has analyzed the results of 

double oedometer tests, Jennings and Knight (1957) performed on samples 

trimmed from undisturbed blocks. These soil were tactile and visually 

classified- as porous clays, all of them with apparendy the same 

characteristics. But their T/N ratios were quite different. For some of 

them, these ratios varied between 2 and 3 and for others they were around 

1.2 as is the case of common soils from the TSBSP. The possibility that 

differences in the T/N ratios could be associated with differences in the 

collapse indices of otherwise similar soils was confirmed by the tests. The 

ratios between 2 and 3 were found to be typical of collapsible soils and the 

ratios around 1.2, typical of non collapsible ones. Notwithstanding all of 

them being non saturated and apparently similar. In figures 3 and 4 the 

results of double oedometer tests performed on apparendy similar soils 

were presented together with the corresponding values o f , T/N and Cl.
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FIGURE 3 - DOUBLE OEDOMETER TEST 

COLLAPSIBLE POROUS CLAY

In figure 5 taken from D€court (1992) , the results of the average void

ratios of each of the fourteen undisturbed samples tested, the average 

collapse index (Cl) and the average (T/N) for each depth are presented. 

The lower part of the porous clay layer with an average CTvalue of 2.15% 

seems to represent the threshold of the metastable behavior. Therefore it 

supports a former statement by Vargas (1978) that a collapse index of 2% 

is the border between metastable and stable behaviors.
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FIGURE 4 - DOUBLE OEDOMETER TEST

NON COLLAPSIBLE POROUS CLAY
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FIGURE 5 - VOID RATIO, COLLAPSE INDEX & T/N v. DEPTH 

QUALITY CONTROL OF THE SPT

The torque ratio is a powerful tool for controlling the quality of the SPT. 

For a given soil and for a given SPT equipment the torque ratio is 

approximately constant. Deviations from this constant value might 

represent an undesirable influence of factors that might lead to unrealistic 

values of "N".

A common situation occurring in many soils is the presence of gravel in a 

sand layer. This gravel interferes with the penetration resistance. Very high 

N values are measured. But these high N values do not correspond to high
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relative densities ur friction angles. Therefore they induce the designers to 

errors.

In figure 6 the variation of TR is analyzed for soils of the State of S3o 

Paulo. Ratios around 1.2 are typical of the soils of the TSBSP. Ratios 

around 1.9 are typical of saprolitic soils of gneiss. Ratios from 2.5 to 5 

were determined for collapsible porous clays and sands. And ratios of 3.5 

and 4 were computed for soft marine clays of Santos.

Notwithstanding the important fact that the amount of information is rather 

limited, some tentative conclusions might be drawn as follows:

- the TR seems to increase with the "structure" of the soil

- values of TR lower than one seem to be indications of misleading N-SPT 

values

< -------------- 1 -------------->

misleading N values I increasing structure

I f ~ i
1 2 3 4 5

TR=T/N

soils from the TSBSP_______________

saprolitic soils - SP_________________

collapsible porous clays and sands - SP 

soft marine clays of Santos__________

FIGURE 6 - PARTIAL SOIL CLASSIFICATION ON THE BASIS 

OF THE TORQUE RATIO (TR)

FUTURE TRENDS

The research with SPT-T is only just beginning. The initial results seem to 

be very promising, but many of its practical applications have not yet been 

foreseen. Rather, it is the interpretation of the preliminary results that is 

indicating the direction to go.

Perhaps, the most ambitious goal might be to use the torque measurements 

as an instrument for allowing the experience gained in one site, with a 

given type of soil, to be extrapolated to a different site where completely 

different soils occur. For instance, correlations based on N-values, 

established for the TSBSP are being used, with apparent success, for 

assessing similar properties of quite different soils, from completely 

different formations. Instead of using direcdy N in these correlations, the 

idea is to use the "Equivalent N” (Neq), Dicourt (1991b) that is given by 

the value of T divided by 1.2 that is the typical ratio for the soils of the 

TSBSP. An example of this is given by D£court(1993) that succeed in 

applying correlations established for soils of the TSBSP for predicting the 

ultimate bearing capacity of non displacement piles in saprolitic soils.

CONCLUSIONS

The torque measurements of the SPT-T provide engineers with two 

independent strength measurements instead of only one, which is usually 

the case.

Being a 'static ' measurement, T is not affected by numerous factors that 

might make the application of the results of the traditional 'dynamic' SPT 

difficult in practice.

The T/N ratio is an index that seems to increase with the sensitivity of the 

soils and therefore might be used to identify metastable ones. Besides, 

values of torque ratio (TR) higher than one seem to correspond to soils 

behaving normally. Values of less than one were found to be an evidence 

of some sort of problem. Negative pore pressures in dense fine sands and 

gravels in any sands are responsible for misleading high N-SPT values.

But they are easily detected with torque measurements, that in these cases 

generally present TR values of less than one. The authors are confident that 

many other applications of the T/N ratio are to come, as soon as SPT-T 

becomes a routine practice in engineering.
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