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Application of Field test to the Rate-dependent relation in
Constitutive model

Youngsun Songl*
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Abstract The rate-dependent constitutive model and the rate-independent model were analyzed for comparing
with the piezocone penetration test and dissipation test. The mathematical expessions of the rate-dependent
constitutive model were introduced, and the predictions using the both models were compared with the
experimental results of in-situ field test. The rate-dependent model analysis gave better results than the
rate-independent model analysis, that is appreciated since the process of the piezocone penetration and
dissipation depends on the strain rate. Therefore, it is recommended the concept of the rate-dependent model for
the prediction of soil behaviors using the field penetration test.
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1. Introduction models since the theory has the merits of generality

and practical usefulness[4][5][6])[7]. The models based

Recently, modern constitutive models develops to  on Perzyna's theory, however, mainly focus on the
estimate the behavior of cohesive soils considering the description of the creep and stress relaxation other than

stress anisotropy and time-dependent effect. The stress  the strain rate effect[2] [4][8][9][10].

anisotropy has been described in the form of the In this study, the rate-independent constitutive
development of isotropic elastoplastic  constitutive model, utilzing the generalized Hooke's law and the
models[1][2][3]. modified Cam-Clay model, and the rate-dependent

Such time-dependent behaviors of cohesive soils as model, utilizing the Perzyna's generalized viscous

creep, stress relaxation, and strain rate effect might be  theory, were mathematically formulated and the
properly simulated with the viscous theory, not with predictions from the both models were compared with
the elastoplastic theory alone. The general elastoviscous the experimental results of the piezocone penetration
theory proposed by Perzyna(1966) has been, in many and dissipation tests conducted in OO site. The
cases, adopted for the time-dependent constitutive concepts, the functions, and the mathematical

formulations of the models are briefly presented in the
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and an

role,

Il. Formulation of Rate—dependent
Constitutive model

The strain rate can be decomposed into an elastic

part and an inelastic part, assuming small deformation

and rotations, the later consisting a delayed(viscoplastic)

instaneous(plastic) part[11][13]. Analytically

these are expressed by

P N
€= €y +eij =€, +€ij +€i]- +eij )]

Concerning the each elastic, plastic, and viscoplasic

response and using the general function of the state,

that is defined by the generalized Hooke's law and the

classical plasticity, the above expression can be
reformed as
.Eij =Ciu o+ {LOR+{P R’ @

where Cjy represents the fourth order tensor of

elastic compliance, L is the scalar loading index, and

® is the proper continuous scalar function of the

overstress, that represents the viscoplastic response.

The viscous behavior in eq. (1) is represented by

€q. (3), based on the generalized viscous theory[4][9].

of

do;

e; =<®) ®)

where the overstress function ® plays an important

influencing the plastic behavior, through the

coupling effect, as well as the viscous behavior, in the
strain rate dependent behavior of clays. Various forms
of the
however, the eqs. (4) and (5) has been widely and

overstress function have been proposed;

successfully used for geotechnical materials{7][8][10].

1 .
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where [ 9 is the second invariant of the deviatoric

stress tensor, [, is the first invariant of the stress

tensor, N is the slope of the critical state line in I;-J>
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AG
obtained through a closed form solution using the
is the

space. is called normalized overstress and

viscous nucleous parameter s.. ej; inelastic

deviatoric strain tensor and {(2/3)e§jeij}0'5 is the

accumulated inelastic deviatoric strain tensor. m, V, €,

are the model parameters related to the viscous

behavior.

lll. Application to Field tests

The piezocone penetration and dissipation tests have
been conducted in QO site, in the vicinity of Pusan
city. The site consists of sedimented fine soils near
Nak-dong river and is currently undergoing large-scale
industrial and residential arca development. The soil
profile of the test site is composed of sandy and silty
soil layer of about 2.0 m thick on top and quite
homogeneous clay layer to the depth of 25~30 m. The
clay maybe unstable as natural water content is larger
than liquid limit in all depth. According to laboratory
test results, the clay was classified into CL(by USCS)
and it has been also found that w, is 54~70 %, LL

is 42~57 %, PI is 20~27 %, G,

is 270-2.72, 7, is
1547166 kN/m’, e, is 1.6~19, c, is 8x 107~
2x1¢7 cmz/min, k is 2.0><10'7~7.5><10'scm/sec, the clay
consists of illite (45.8~56.1 %), kaolinite (16.0~24.7
%), smectite(1.8~10.0 %),
strength gradually increases with depth from 15 kPa to
40 kPa. Fig. 1 shows the OCR values with depth.

and and the undrained

OCR

depth, m
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20
[Fig. 1] Variation of OCR[9]
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The piezocone used in this study has 60°cone tip
and 10 cm’ base area with 150 c¢m’ friction sleeve and
filter element located behind the cone tip (above the
This u2 type filter
effective for the nonhomogeneous area correction[9].
The

connected to loading system. Cone tip resistance ¢,

cone base). element is very

cone penetrates ground using pushing rods
sleeve friction f;, and pore water pressure u; were
measured. In addition to the penetration test, dissipation
of generated pore water pressure with time were
measured to evaluate the drainage properties of the
soil. The penetration test was conducted at the standard
rate of 2 cm/sec.

The

imposing incremental nodal vertical displacements of

piezocone penetration was simulated by
the nodes representing the cone tip boundary until
failure is achieved. The vertical displacement was
applied at the rate of 2.0 cm/sec and the piezocone
penctrometer was assumed to be infinitely stiff. No
tensile stresses were allowed to develop along the

centerline boundaries. The excess pore pressure was

obtained  assuming undrained condition  during
penetration.
In the numerical analysis, the total depth of

penetration was divided into sub-layers and the steady
value of come tip resistance resulting from the finite
element analysis of each layer was obtained, then the
steady value of each layer was smoothly connected to
each other as cone tip resistance profile. The same
procedure was applied to pore water pressure profile.
This technique was used to avoid tremendous numerical
errors resulting from the numerical simulation of the
deep and continuous penetration in one step, and
successfully worked in this study but more accurate
simulation corresponding to real penetration situation
needs further research.

Figs. 2, 3, and 4 show the results of the finite
element analysis and the experimental results of the
piezocone penetration and dissipation tests conducted in
OOsite. In Figs. 2 and 3, the numerical results were
presented below 5 m depth since the top crust layer
was excluded in the numerical simulation. The peak
region like in Fig. 2 generally appears to initiate

penetration even without the top crust.
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[Fig. 4] Dissipation curve at 19 m depth

As shown in Figs. 2, 3, and 4, the both model
with  the

experimental data. One reason is that the clay at the

predictions  showed good agreement
site is quite homogeneous. It has been proven during
the trimming of samples. The other reason is the use
of the Modified Cam-Clay model. It is well known
that the Modifed Cam-Clay model usually gives good

prediction for normally consolidated clays.
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The rate-dependent prediections give better results
than the rate-independent predictions as expected, that
is appreciated since the process of the piezocone
penetration and dissipaton depends on the testing speed,
namely, strain rate. But it is not showed differentiated
markedly 2, 3, and 4

rate-dependent or rate-independent analysis because the

in  Figs. considering

constituitive models are inherently made of many
parameters in the predictions. The OCR of the site, as
shown in Fig. 1, appeared near unity in all depth and
even less than unity for the depth below 12 m, which
the of the previous
research{12}{13]. This can be explained by the fact that

the clay is underconsolidated maybe due to the sudden

corresponds  to result

rise of sea level following the Ice Age, or the fact
that there are two distinct layers of the clays at the
site, where although the mineralogy is the same, the
microstructure varies, namely, the upper layer contains
large aggregates with bridges in between, while the
lower layer is composed of mostly single particles with
little aggregation, and much less bridging[12][13]. This
maybe the reason that the numerical results using the
Modified Cam-Clay model, as shown in Fig. 2 to Fig.
4, showed little better-match with the experimental
results in the upper layer since the microstructure in
the upper layer shows more clayey characteristics.

In Fig. 3, the model predictions are a little bit
larger than the experimental data, which maybe the
sluggish behavior of pore water pressure

due to

incomplete saturation and/or clogging of the filter

element.
When penetration stops for dissipation test in
heavily overconsolidated clay, it is possible for

negative excess pore water pressure measured behind
cone tip (u2 type) to occur at the initial part of excess
pore water pressure profile[4]{11][12] but no negative
values were measured experimentally and calculated
numerically in this study, which is because the soil is
not

under overconsolidated.

heavily For
overconsolidated clay, it is also possible for pore water
pressure measured behind cone tip (u2 type) to initialty
increase before dissipation[3][11] [13]. In Fig. 4, no
obvious initial increase of pore water pressure was
recorded, that confirms the clay is not under over-

consolidated state. Actually, when penetration stops,
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pore water pressure is influenced by many factors such
as stress redistribution, stress relaxation, and viscous
and dynamic effects[11]. More frequent reading of
measurement and dissipation test at various depth,
therefore, might have given

interesting  results,

especially for the very initial stage of dissipation.

IV, Conclusions

In this study, it is used the rate-independent and the
rate-dependent constit- uitive models
the
dissipation field test.

to predict soil

behavior inferring piezocone penetration and

The results from the model
predictions have been compared with the experimental
results of field test. The Modified Cam-Clay model
was used to simulate the plastic behavior of the clay.
The both model predictions showed good agreement
with the experimental results all in cone tip resistance
profile, pore water pressure profile, and dissipation
behavior. The rate-dependent prediections gave better
results than the rate-independent predictions as
expected, that is appreciated since the process of the
piezocone penetration and dissipaton depends on the

testing speed, namely, strain rate.
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