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Evaluation of OCR in Fine Grained Soil by Piezocone Tests
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1. INTRODUCTION

The overconsolidation ratioc (OCR) defined as the ratio of the preconsolidation pressure,
p, and the existing effective overburden pressure, o ‘v, iS an important factor governing
the strength, stress-strain behavior, and the compressibility characteristics of soils.
Knowledge of the OCR is hence essential in selecting relevant soil parameters for a
proper design of geotechnical systems. The conventional method of determining OCR
is from laboratory oedometer tests on undisturbed samples obtained from the field.
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The determination of p is influenced by the type and procedure of testing (Crawford,
1964) and also by the unavoidable sample disturbance. If a continuous profile of OCR
with depth is required, the conventional laboratory method becomes time consuming and
expensive, requiring an elaborate testing scheme. In recent years, the estimation of
OCR from piezocone has gained a lot of attention.

2. INTERPRETATION METHOD

The use of piezocone for estimating OCR have been suggested by a number of
researchers (Schmertmann, 1978; Baligh, et al, 1980; Tumay, et al., 1982; Senneset, et
al, 1982, 1988; Wroth, 1984; Robertson, et al., 1986, Konrad and Law, 1987, Mayne,
1987, Mayne and Holtz, 1988, Mayne and Bachus, 1988; Sully et al, 1988; Sandven, et
al, 1988; Mayne, 1991, 1992). Some of the suggested interpretation methods are
evaluated using the chamber piezocone obtained in this study.

2.1 SCHMERTMANN METHOD

The cone resistance qr has been recognized as a measure of the undrained shear
strength sy which itself is a function of the OCR (Ladd, et al., 1977, Schmertmann,
1978 ). Hence, the cone resistance should reflect the OCR of the soil deposit. Based
on the above argument, Schmertmann (1978) suggested the following method to

estimate OCR:

(1) Using the relationship proposed by Skempton (1957), estimate the normalized,

normally consolidated undrained shear strength, i.e.:

s, = (-s—) - 0.11+0.00371,

OVO (2.1)
where I, is the plasticity index.
(2) From the corrected cone resistance, gr, calculate
qT - 0’v()
= Sy olvo
O N,r (2.2)

where o v, is the total overburden pressure and Nyt is the cone factor.
(3) Estimate OCR using the relationship

1.13+o.04(i]
Sy

S
Ock - ('s_) 2.3)

2.2 PORE PRESSURE PARAMETER
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Q7 - Oy, Senneset and Janbu (1984), 24

where u = pore pressure at the cone base, U, = equilibrium pore pressure, u = 4 - W =
excess pore pressure, and oy = total overburden pressure. It is the shear induced
pore pressure that reflects the stress history of the soil and any pore pressure
parameter used to estimate OCR should relate a change in the pore pressure to changes
in the octahedral and shear stress around a penetrating cone (Wroth, 1984). Because of
the similarity between By and the Skempton’s pore pressure parameter at failure (Ay)
(Skempton, 1954), B, was considered as a promising parameter to estimate OCR.

The following expression was suggested

OCR = :
(.78, -1) (2.5)

As mentioned earlier, it is the shear induced pore pressure that reflects the stress
history of the soil. The Bq method was considered a promising parameter to evaluate
the OCR. However, this method does not allow the shear induced pore pressures to be
separated from those generated by the octahedral stresses. Research performed by
various investigators (Battaglio, et al., 1986, Campanella, et al., 1986) have shown that
no universal correlation exists between By and OCR. Moreover, in soft clays, the
accuracy of tip resistance may be considered unreliable (Tumay and Acar, 1985). The
existence of a large pore pressure gradient around the tip especially in overconsolidated
clays has been pointed out by a number of investigators (Baligh, et al., 1981; Tumay,
et al., 1982; Campanella, et al., 1986). Using this principle, Sully, et al. (1988) suggested
the following possible pore pressure parameters to predict OCR.

(1) Pore pressure ratio (PPR)

PPR = -1
u, (2.6)

(2) Excess pore pressure ratio (PPR1)
PPR1 = _(“_1__@
(u, - u,) 2.7
3 Pore pressure difference (PPD)
PPD = (ul - u2)
u 2.8)

2.3 CAVITY EXPANSION/MODIFIED CAM-CLAY METHODS

Using the critical-state soil mechanics and the cylindrical cavity expansion theory
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Mayne (1987) and Mayne and Holtz (1988) suggested the following expression for
determining OCR

A 1.79
OCR = (0.317-‘ u ]

(29)

where Adu is the excess pore pressure measured immediately behind the cone tip.
Mayne (1991, 1992) also suggested the following expressions for predicting OCR using

the Cavity Expansion/Modified Cam—Clay (CE/MCC) approach:

T

133

1 qr ~ Uy
1.95M+1{ o, (2.10a)

OCR =2

133

OCR = 2| 1 _[9r78r 4
1.95M| o, (2.10b)

where une = uz = pore pressure measured just above the cone base and ur = w = pore
pressure measured on the tip.

2.4 KURUP METHOD

The methods proposed by Mayne (1991, 1992) was developed based on the spherical
cavity expansion theory of Vesic (1975) which has been formulated for the octahedral
normal stress (0o, = 0ox). In the equation proposed by Mayne (equation 2.10a), oo
has been taken equal to o, since the in-situ lateral stress is difficult to determine.
The method proposed by Kurup (1993) and Tumay, et. al, (1995) utilizes the technique
of Ko profiling suggested by Sully and Campanella (1991) and is combined with
equation 2.10a f{after substituting for ¢o = 0o instead of 0o = ovw). The resulting
expression for OCR is given by

133

OCR =2 3 dr %,
(L9sM +1)o, | 1+2K, (2.11)
or in terms of ul and u2
3 133
qr — U,
OCR =2 :
(1.95M +1)(0v0(1+ 2a)+2b(u, —uz))} (2.12)

The values of ‘a’ and 'b’ suggested by Sully and Campanella may be used for in-situ
predictions of OCR.

3. TESTS

In this study, miniature piezocone penetration tests and reference piezocone tests were
conducted in calibration chamber (LSU/CALCHAS). Two main phases are used in the
test procedure. They are the specimen preparation phase and the penetration phase. The
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stage of specimen preparation consists of two steps: slurry consolidation in
consolidometer, reconsolidation in calibration chamber. Each procedure is involved with
heavy instrumentation which provide detailed monitoring of the specimen environment.

Soil slurry(K-33 specimen) was prepared by mixture of 33 9% kaolin, 67 % Edgar fine
sand and de-aired water by weight. The grain size distribution of the kaolin, fine sand
and soil mixture(K-33 specimen) is shown in Figure 1. The Atterberg limits of the
virgin kaolin, fine sand and K-33 mixture are shown in Table 1.

Five specimen were prepared by the technique descrived above. Summary of the stress
history of the each specimen and reference soil parameters are shown in Table 2 and
Table 3. All tests were conducted at the standard penetration rate of 20 mm/sec. The
general view of data acquisition system set up for calibration chamber test is shown in
Figure 2. Two kinds of miniature piezocones were utilized for this research (Figure 3).

» Tiqud | Plasic | Plsciny| Speciic
» Soil Limt | Limit | ndex | Gravity
- woiwlmle
é 60 3
§, : ] /_ Mixture(33% kaolin, 67% finc sand) K l. . S‘ 28 26 2'“
30
20
50 100 % Sand FoeSaed | ...... U S (T 267
] 0% Kaolin
0 T
1 " grain size (mm) ° o Kﬂoﬁﬂﬂbandsmd(m] 20 14 [

Figure 1 Particle size distribution curves Table 1 Properties of Kaolin and K-33

mixture
i | G| g e R |t
. [ e i i il i
1 Tsotropic 1 207 207 1 1 1736 8¢ 049 100 19
2 " - \ 207 %62 g4z 2 19.43 85 037 333 42
{Ke)
3 Tsatropic 1 2612 2622 1 3 1722 28 on 167 22
¢ “";':;’P“ ! 2622 (048 L 4 17.54] 121 025 400 42
s Anisogopic 109 242 4.1 1%
(Ke) 5 1680 35 002 500 1.8
Table 2 Summary of the stress history Table 3 Reference soil parameters

of the chamber specimens

Table 4 gives the summary of the cone penetration test schedule. Each penetration is

identified with a Test ID which specifies pertinent characteristics about : (1) specimen
number, (2) boundary condition, (3) stress condition, (4) test repetition at different
location (if applicable), (5) cone penetrometer manufacturer, (6) cone type - U
configuration, (7) piezocone projected area, and (8) location of penetration. The detailed
legend for Test ID is given in Table 5.
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Figure 2 General view of Figure 3 Cone Penetrometers
data acquisition system set up
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Table 4 Summary of the cone Table 5 Legends for Test ID

penetration test locations

4. TEST RESULTS

The penetration testing program for this study was achieved with a total 5 large size
cohesive specimens on two different stress conditions (isotropic and anisotropic, Table
2). In the penetration profiles in specimen 1(Figure 1), the steady values of corrected net
tip resistance- (g7 - w) have been obtained after reaching some depth {(approximately
10cm). Although few of the excess pore pressure profiles (4 = ur-uo) during the
penetration exhibited poor response, in general there was a trend to approach a steady

value. Summary of the cone penetration test results and dissipation depths are given in
Tabhle 6.

5. EVALUATION OF THE INTERPRETATION METHODS

The estimated OCR from the chamber PCPT data, using the earlier mentioned
interpretation methods are given in Table 7. The method proposed by Schmertmann data
(1978) overestimated the OCR for all the specimens. Sully, et al. (1988) have suggested
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Figure 3 Penetration profiles in specimen 1 Table 6 Summary of the cone
(See Table 5 for Test No. Identification) penetration test results

Table 7 Interpretation of OCR from PCPT data

Predicted OCR
bp:gnen OCR Sc}‘?l’g';g;an“ Bq Method | Sully et al. | Mayne | Mayne KTTS? ;&
. g , . -
(1988) (1987) (1992) (1993, 1995)
1 1 N S R R i K .
2 1 5.3 1.3 0.4 0.6 1.5 2.8
3 1 3.8 1.1 0.6 0.9 1.2 1.2
4 1 4.7 1.4 0.4 0.5 1.4 28
5 16.9 40.8 -9.7 34 10.1 28.6 17.2

an interesting method to estimate OCR using pore pressure parameters determined from
pore pressure measurements at the cone face and above the cone tip. For using the
PPD method, the pore pressure filter location, height and thickness have to be
standardized since these can significantly affect the magnitude of the measured pore
pressure. The predicted OCR’'s using the methods sﬂggested by Mayne (1987) and
Mayne (1991, 1992) are shown in Table 7. These prediction methods have been
formulated from the theories of cavity expansion and critical-state soil mechanics. The
method proposed by Mayne (1987) using the excess pore pressure measured above
the cone base gave good predictions of the OCR. The method suggested by Mayne
(1992) gave good predictions of OCR for pore pressures measured above the cone base
except specimen 5. Interpretation using pore pressures measured at the cone tip
overestimated the OCR’s. The method proposed by Kurup (1993) and Tumay, et. al,
(1995) provide better prediction of OCR than Mayne (1992) in specimen 5. The reason

probably is due to consideration of influence of lateral stress on stress history.

6. CONCLUSION

The method proposed by Schmertmann overestimated the OCRs of all five specimens
by a factor of almost four. The B, method yielded a negative value for the OCR in
specimen 5. Research performed by various investigators in the past have shown that
no universal correlation exists between Bq and OCR. The method proposed by Sully et
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al. underestimated the OCRs of all five specimens. The equation proposed by Mayne
(1987) that makes use of the excess pore pressure above the cone base (ugz filter
location) was found to give very good OCR predictions in all five specimens. However
it should be mentioned that this method will predict a negative OCR in heavily
overconsolidated stiff clays, when negative excess pore pressure develop at the ug filter
location. The OCR prediction methods based on critical-state soil mechanics and cavity
expansion theories proposed by Mayne (1991, 1992), Kurup (1993), Tumay et al. (1995)
were found to give acceptable OCR predictions. The overprediction can be attributed to
the penetration boundary condition BC3 (zero lateral strain and constant vertical stress)
that appears to develop a stiff specimen response, thereby yielding a higher corrected

cone resistance qr, and high predicted OCR values.
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