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Abstract
Sediment hydraulic properties and consolidation behavior are key
parameters that affect pore pressure generation, fluid migration,
deformation, and slip behavior and mechanical strength of sub-
duction zone megathrusts. We report on a set of constant rate of
strain consolidation experiments and isostatic deformation and
permeability experiments on whole-round core samples obtained
during Integrated Ocean Drilling Program (IODP) Expedition 343
as part of the Japan Trench Fast Drilling Project (JFAST). The sam-
ples were collected from the frontal prism at 697.18 meters below
seafloor (mbsf) and the underthrust sediment section at 831.45
mbsf at IODP Site C0019, 6.0 km landward of the Japan Trench.
The permeability of sediment from the frontal prism decreases
from 7.3 × 10–18 to 3.5 × 10–19 m2 as effective mean stress increases
from 14.6 to 62.3 MPa under a uniaxial loading path and from 5.4
× 10–18 to 2.9 × 10–19 m2 over effective stresses from 3.6 to 54.6
MPa under an isostatic loading path. Porosity decreases from 46%
to 27% as effective mean stress increases from 0.73 to 62.3 MPa
and 46% to 29% as stress increases from 3.6 to 64.6 MPa for uni-
axial and isostatic loading of the prism sediment, respectively.
Permeability of the underthrust sediment sample decreases from
4.0 × 10–18 to 3.2 × 10–19 m2 as stress increases from 3.6 to 86.6
MPa under isostatic conditions. Porosity decreases from 49% to
37% over the stress range from 0.73 to 69.6 MPa and 48% to 36%
from 3.6 to 86.6 MPa for uniaxial and isostatic loading paths, re-
spectively. For both samples, permeability exhibits a log-linear de-
crease with decreasing porosity. In situ permeability for the prism
and underthrust sediment samples are estimated from our labora-
tory-defined permeability-porosity relationships. The in situ po-
rosity values for the prism sediment samples are 44% and 45% for
uniaxial and isostatic conditions, respectively. The corresponding
in situ permeability values are 4.3 × 10–18 and 4.9 × 10–18 m2. In situ
porosity for the underthrust sample is 47% under both uniaxial
and isostatic conditions. The permeability value for the under-
thrust sediment sample is 4.9 × 10–18 m2 under isostatic loading
conditions. The coefficient of consolidation (Cv) decreases with
increasing effective axial stress to near-constant values of 4.2 ×
10–7 and 9.0 × 10–6 m2/s, and the compression index (Cc) is 0.70
and 0.57 for the prism and underthrust sediment samples, respec-
tively. Preconsolidation stresses (Pc′) for the prism and under-
thrust samples, defined using the Casagrande method, are 17.0
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and 20.5 MPa, respectively, and correspond to over-
consolidation ratios of 3.1 and 2.8.

Introduction
The 2011 Tohoku-Oki earthquake (Mw 9.0) and ac-
companying tsunami were caused by an extraordi-
narily large coseismic slip (>50 m) on the shallow
portion of the subduction zone interface near the Ja-
pan Trench (Fujiwara et al., 2011; Ito et al., 2011). A
rapid-response drilling operation by the Integrated
Ocean Drilling Program (IODP), called the Japan
Trench Fast Drilling Project (JFAST) (Expedition 343),
drilled through the accretionary prism at IODP Site
C0019 to investigate the physical mechanisms and
dynamics that enabled the large shallow slip. Site
C0019 is located ~93 km seaward from the epicenter
of the main shock and ~6 km landward of the Japan
Trench (Fig. F1) (Expedition 343/343T Scientists,
2013). Five boreholes were drilled at Site C0019
(Holes C0019A– C0019E), with logging while drilling
(LWD) completed in Hole C0019B and coring inter-
vals completed in Hole C0019E. Core samples of the
frontal prism and underthrust sediment section were
successfully recovered to 844.5 meters below seafloor
(mbsf) (Expedition 343/343T Scientists, 2013).

We report on laboratory constant rate of strain (CRS)
consolidation and triaxial permeability tests con-
ducted on two whole-round core samples: 343-
C0019E-5R-1 (697.18 mbsf), a gray mudstone from
Unit III in the frontal prism, and 343-C0019E-20R-1
(831.45 mbsf), a brown mudstone from Unit V in the
underthrust section. These tests were designed to
characterize the permeability and consolidation be-
havior under uniaxial and isostatic loading paths
over a range of effective stresses. Results of these ex-
periments are then used to estimate in situ hydraulic
and mechanical properties of the sediment. This is
directly related to the scientific goals of JFAST and
will aid in the investigation of the physical controls
on large shallow earthquake slip by providing con-
straints for future numerical models. All notations
for this report are summarized in Table T1; core sam-
ples and their associated experiment numbers are
summarized in Table T2. Experimental data for each
uniaxial CRS and triaxial permeability test is pro-
vided in Tables T3 and T4 and in TESTDATA in “Sup-
plementary material.”

Methodology
At The Pennsylvania State University (PSU), whole-
round core samples are kept in sealed aluminum vac-
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uum bags with wet sponges to minimize desiccation
and stored in a refrigerator until subsampling and
trimming. Once subsampling was complete, the re-
maining material was resealed in plastic core liners
using plastic caps and electrical tape. During sample
preparation, samples of whole-round Sections 343-
C0019E-5R-1 and 343-C0019E-20R-1 were trimmed
to form cylinders 25.4 mm in diameter, with lengths
ranging from 15.7 to 28.3 mm, using fine point carv-
ing tools. These samples were aligned parallel to the
whole-round core axis and collected from the same
interval in each core, 697.18 mbsf for the prism sam-
ple (Section 5R-1) and 831.45 mbsf for the under-
thrust sample (Section 20R-1). All uniaxial experi-
ments were conducted at room temperature
conditions (24.0°C) in an oedometer system (Fig.
F2). The triaxial experiments were conducted in a tri-
axial apparatus and maintained at a constant tem-
perature of 29.5°C using a temperature chamber that
surrounds the apparatus (Fig. F3). Syringe pumps
controlled the pore pressure for all experiments, and
deionized water was used to fill the pore fluid lines.
A syringe pump also controlled both the confining
and axial stress in the triaxial experiments, and sili-
cone oil was used as the confining medium.

Uniaxial constant rate of strain tests
We conducted two uniaxial CRS tests in the Rock
and Sediment Mechanics Laboratory at PSU. In the
uniaxial CRS tests, the sample was placed within a
steel ring and positioned in an oedometer system ca-
pable of reaching 50 kN axial load (Fig. F2). Each
sample was equilibrated for 24 h at 300 kPa back-
pressure to ensure fluid saturation and that any air
present in the pore pressure lines was completely dis-
solved. After backpressuring, a progressively increas-
ing axial load was applied to the sample by specify-
ing a constant displacement rate of 3.3 × 10–5 to 5.0 ×
10–5 mm/s using a computer-controlled load frame.
In this configuration, pore pressure at the top of the
sample is kept at a constant 300 kPa during the con-
solidation stage. The base of the sample was
undrained, and basal pore pressure was monitored
throughout consolidation (ASTM International,
2006). Axial displacement and axial load were mea-
sured externally, and the measured displacement was
corrected to account for the compliance of the oedo-
meter system. Total axial stress (σA), basal pore fluid
pressure (Pf), backpressure, and axial displacement
were recorded every 10 s throughout the experiment.

Differential fluid pressure across the sample length
during continuous loading induced fluid flow
through the sample, and thus, the hydraulic conduc-
2
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tivity and permeability of the sample could be deter-
mined from the known strain rate ( ) and excess
basal pore pressure (Δu), which is defined as the dif-
ference between the measured basal pore pressure
and the backpressure (ASTM International, 2006;
Long et al., 2008). Because the increase in basal pore
pressure during loading depended on the rate of dis-
placement, sample length, and hydraulic conductiv-
ity of the sample, we chose an appropriate constant
displacement rate (or strain rate) for each sample
such that Δu was sufficiently large to be measurable
with minimal error but remained <12% of the effec-
tive vertical stress (e.g., ASTM International, 2006).
Hydraulic conductivity (K) is given by

K = ( HnH0ρwg)/2Δu, (1)

where

 = strain rate,
ρw = density of water,
g = gravitational acceleration,
Hn = sample height at the time of interest,
H0 = initial sample height, and
Δu = excess basal pore pressure.

Permeability (k) is then given by

k = (Kµ)/(ρwg), (2)

where µ is the fluid viscosity at room temperature
(0.001 Pa⋅s). 

To allow for direct comparison of both the uniaxial
CRS and triaxial tests, the effective mean stress (σm′)
is reported for all of our experiments. To estimate the
effective mean stress for the uniaxial CRS tests, in
which a zero lateral strain boundary condition was
imposed but lateral stresses were not measured, the
coefficient of the horizontal stress at rest (denoted as
K0) is used; K0 represents the ratio of horizontal to
axial effective stresses. We assume a value of K0 = 0.6,
which is typical for clay-rich sediment (Karig, 1990).
The effective mean stress (σm′) is then calculated as
follows:

σm′ = (σ1′ + σ2′ + σ3′)/3, (3)

where σ1′, σ2′, and σ3′ are the effective principal
stresses.

In the CRS tests, the effective principal stresses σ2′
and σ3′ were equal (Fig. F2), and Equation 3 becomes

σm′ = (σ′A + 2σH′)/3, (4)

ε·

ε·

ε·
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where σ′A and σH′ are the effective axial stress and ef-
fective horizontal stress, respectively. Given that K0 =
σH′/σ′A = 0.6,

σm′ = 0.73σ′A. (5)

Using the hydraulic conductivity and the coefficient
of volume compressibility (mv) of the specimen, the
coefficient of consolidation (Cv) can be calculated as
follows (ASTM International, 2006):

mv = Δε/Δσ′A, (6)

and

Cv = K/(mvρwg), (7)

where Δε and Δσ′A are the changes in axial strain and
effective axial stress. Specimen void ratio (e) is calcu-
lated from the measured displacement (ASTM Inter-
national, 2006):

e = (Hn – Hs)/Hs, (8)

where Hn is the specimen height at a given point in
the test, and Hs is the equivalent height of the solids,
which remains constant throughout the experiment.
We determined Hs for each sample from the wet
mass and dry mass after oven drying at 105°C for 24 h. 

Porosity (φ) is related to void ratio by

φ = e/(1 + e). (9)

A salt mass correction for the pore fluid was done
following the IODP method used for moisture and
density (MAD) measurements that accounts for salt
in seawater (Blum, 1997). For our uniaxial tests, we
also report the compression index (Cc), which is the
slope of the virgin compression line in e-log σ′A space
(Table T3; e.g., Fig. F4):

Cc = Δe/Δlog (σ′A). (10)

The preconsolidation stress (Pc′) for each sample rep-
resents the maximum past burial stress in a mono-
tonically increasing stress regime (Holtz and Kovacs,
1981). The preconsolidation stress is determined us-
ing two commonly used methods: the Casagrande
and strain energy density (SED) methods. The Casa-
grande method defines Pc′ graphically from the in-
tersection of the virgin compression line and the bi-
sector of a tangent and constant void ratio line from
the point of maximum curvature in e-log σ′A space
(Fig. F4) (Casagrande 1936). The SED method defines
3
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Pc′ using the change in the rate of total work as a
function of effective axial stress (Becker et al., 1987).
In the case of 1-D consolidation, SED is given by
(Becker et al., 1987; Germaine and Germaine, 2009)

(11)

Preconsolidation stress for the SED method was
highly sensitive to the portion of the virgin compres-
sion line used to define a linear fit, resulting in large
uncertainties. Therefore, the Casagrande values are
used for determining the degree of consolidation.
The overconsolidation ratio (OCR) for each sample is
defined as 

OCR = Pc′/σvh′, (12)

where σvh′ is the expected in situ effective vertical
stress for hydrostatic conditions. 

Effective vertical stress is calculated using the ship-
board bulk density data (Expedition 343/343T Scien-
tists, 2013). An OCR value <1 indicates that the sam-
ple is underconsolidated and that in situ pore
pressures may exceed hydrostatic conditions, an
OCR value of 1 indicates that the sample is normally
consolidated, and an OCR value >1 indicates that
the sample is overconsolidated.

Isostatic loading and permeability tests
A second set of deformation and permeability exper-
iments were conducted in parallel with the uniaxial
CRS tests to produce independent values of porosity
and permeability under an isostatic stress path (σ1′ =
σ2′ = σ3′ = Pc, Pc = confining pressure), as opposed to
the uniaxial stress path achieved in the uniaxial ap-
paratus. For these tests, the sample was placed
within a rubber jacket and loaded in a triaxial appa-
ratus (Fig. F3). The sample was equilibrated for 24 h
at 400 kPa pore pressure to ensure saturation and
that any air in the pore pressure lines was dissolved.
After saturation and equilibration, specimens were
loaded under drained isostatic stress conditions. The
pore pressure was maintained at a constant 400 kPa,
and the confining pressure and axial stress (Pc = σA)
was increased in a series of 8–10 stress steps, from 4 to
55 MPa for the prism sample (Section 343-C0019E-
5R-1) and from 4 to 87 MPa for underthrust sample
(Section 20R-1) (see TESTDATA in “Supplementary
material”). After each stress increment, we allowed
the sample to equilibrate for ≥24 h prior to measur-
ing permeability. Confining pressure and total axial
stress, pore fluid pressure (Pf) of the upstream and
downstream sample ends (Pp_up and Pp_down), axial dis-
placement, and pore volume changes are recorded
every 10 s throughout the experiment. Specimen po-

SED σ'AΔε.=
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rosity throughout the experiment is calculated based
on final specimen porosity determined from wet and
dry mass and from changes in pore volume recorded
continuously during the test.

To allow for direct comparison of the triaxial tests
with the uniaxial CRS tests, the effective mean stress
(σm′) is reported for all of our experiments. The effec-
tive mean stress (σm′) for the triaxial experiments is
defined as σm′ = Pc – Pf. Permeability was measured at
each load step using a steady-state constant head
method. In these tests, pore pressure gradients from
100 to 600 kPa were imposed on the samples, and
volumetric flow rates (Q) were measured after reach-
ing steady-state, defined using the criterion that the
difference between upstream and downstream flow
rates was <5%. Permeability was then calculated us-
ing Darcy’s law:

k = (Qµ/A) [Hn/(Pp_up – Pp_down)], (13)

where A is the cross-sectional area of the sample and
the pore pressure at the upstream, and downstream
sample ends are Pp_up and Pp_down, respectively.

Experimental results
Uniaxial CRS results

Results from each CRS experiment are shown in Fig-
ures F5, F6, F7, F8, F9, and F10; Tables T3 and T4;
and TESTDATA in “Supplementary material.” Both
permeability and porosity decrease with increasing
effective axial and mean stress (σ′A and σm′), and per-
meability decreases log-linearly as a function of po-
rosity below 37% porosity. Permeability of the prism
sample (Section 343-C0019E-5R-1) decreases from
7.3 × 10–18 m2 at 20 MPa effective axial stress (σm′ =
14.6 MPa assuming K0 = 0.6) to 3.5 × 10–19 m2 at 85
MPa (σm′ = 62.3 MPa), and porosity decreases from
46% at 1 MPa (σm′ = 0.73 MPa) to 27% at 85 MPa (σm′
= 62.3 MPa). The underthrust sample (Section 20R-1)
did not achieve a sufficient pore pressure gradient to
determine the permeability (Fig. F8). Porosity de-
creased from 49% at 1 MPa (σm′ = 0.73 MPa) to 37%
at 95 MPa (σm′ = 69.6 MPa) (Fig. F9).

Using the relationship between effective stress and
porosity for each sample, as shown in Figures F8 and
F11, we estimated in situ porosity (φin situ) based on an
in situ effective vertical stress of 5.51 MPa (σm′ = 4.04
MPa) for the prism sample (Section 343-C0019E-5R-
1) and 7.31 MPa (σm′ = 5.36 MPa) for the underthrust
sediment sample (Section 20R-1) (Table T4). In situ
effective vertical stresses were calculated under the
assumption of hydrostatic pore pressure. Estimated
4
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in situ porosity values are in agreement with the
lower range of porosity values reported from ship-
board measurements, 44% and 47% for the prism
and underthrust samples, respectively. Shipboard po-
rosities exhibit considerable scatter (from 40%–68%)
and may be overestimated because the measure-
ments include the effects of elastic rebound. This
makes direct comparison between laboratory and
shipboard measurements difficult.

Using the permeability-porosity relationship for the
prism sample (Fig. F7), we estimated in situ permea-
bility (kin situ) from the in situ porosity values (e.g.,
Dugan and Daigle, 2011; Guo et al., 2011). Estimated
in situ permeability for the prism sample is 4.3 ×
10–18 m2 and corresponds to an in situ hydraulic con-
ductivity (Kin situ) of 2.7 × 10–11 m/s (Table T4). In situ
hydraulic conductivity is estimated using a fluid vis-
cosity based on the in situ temperature (~4°C) mea-
sured in Hole C0019E (Expedition 343/343T Scientists,
2013).

The coefficient of consolidation (Cv) decreases with
increasing effective axial stress to a constant value of
4.2 × 10–7 m2/s and 9.0 × 10–6 m2/s for the prism and
underthrust sediment samples, respectively (Figs. F6,
F9). The compression index (Cc) is 0.70 and 0.57 for
the prism and underthrust sediment samples, respec-
tively (Table T3). Preconsolidation stress and OCR
for both samples indicate significant overconsoli-
dation. Pc′ values for the prism and underthrust sam-
ples are 17.0 and 20.5 MPa (Fig. F4), respectively,
corresponding to OCR values of 3.1 for the prism
sample and 2.8 for the underthrust sample (Table
T3).

Isostatic loading path results
As in the uniaxial tests, both porosity and permeabil-
ity decrease with increasing effective mean stress,
and permeability decreases with decreasing porosity
(Figs. F12, F13, F14; see also TESTDATA in “Supple-
mentary material”). Permeability of the prism sam-
ple (Section 343-C0019E-5R-1) decreases from 5.4 ×
10–18 m2 at 3.6 MPa effective mean stress to 2.9 ×
10–19 m2 at 54.6 MPa, and porosity decreases from
46% at 3.6 MPa to 29% at 64.6 MPa. Permeability of
the underthrust sample (Section 20R-1) decreases
from 4.0 × 10–18 m2 at 3.6 MPa to 3.2 × 10–19 m2 at
86.6 MPa, and porosity decreases from 48% to 36%
over this stress range (see TESTDATA in “Supple-
mentary material”). Estimated in situ porosities (φin

situ), defined as the porosity corresponding to the
overburden assuming hydrostatic pore pressure, are
45% at a σvh′ of 5.5 MPa (σm′ = 4.04 MPa) and 47% at
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7.3 MPa (σm′ = 5.36 MPa) for the prism and under-
thrust samples, respectively. These values are consis-
tent with shipboard porosity measurements (Fig.
F11) (Expedition 343/343T Scientists, 2013). Esti-
mated values of in situ permeability (kin situ) for the
prism and underthrust samples are 4.9 × 10–18 and
3.6 × 10–18 m2, respectively, and correspond to an in
situ hydraulic conductivity of 3.1 × 10–11 and 2.3 ×
10–11 m/s, respectively. In situ permeability and hy-
draulic conductivity values are also in good agree-
ment with those estimated from CRS tests (Fig. F15;
Table T4). 
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R.D. Valdez II et al. Data report: permeability and consolidation behavior
Figure F1. A. Location map, showing Site C0019 (red star) and previously drilled DSDP and ODP sites (green
circles) (Expedition 343/343T Scientists, 2013). White arrow = Pacific plate convergence vector, black star =
Tohoku-oki epicenter. B. Close up of Site C0019.
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R.D. Valdez II et al. Data report: permeability and consolidation behavior
Figure F2. Schematic diagram of the high-stress uniaxial apparatus at The Pennsylvania State University. The
top chamber is drained and open to the syringe pump at a controlled back pressure, whereas the lower chamber
is connected to a pore pressure transducer but otherwise undrained. Axial displacement is measured using a
linear variable differential transformer (LVDT) and axial load is measured with a load cell.
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Figure F3. Schematic diagram of the triaxial apparatus. Confining pressure and axial stress are controlled by a
high-pressure syringe pump using silicone oil as the confining medium. In our tests, the axial stress and con-
fining pressure are equal, to achieve an isostatic loading path. Upstream and downstream pore pressures are
controlled by two syringe pumps, to allow flow-through permeability measurements. Sample length is mea-
sured via an external linear variable differential transformer (LVDT), and length changes are corrected for the
system compliance using an empirically defined calibration.
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Figure F4. Example of the Casagrande and SED method showing the determination of preconsolidation
pressure (Pc′). A. Pc′ for prism sample (Test U291 on Section 343-C0019E-5R-1) using the Casagrande method.
In this method, the point of maximum curvature is determined. At this point, a line of constant void ratio
(Segment B) and a line tangent to the same point (Segment A) is drawn. The intersection of their bisector
(Segment C) and the line parallel to the virgin compression line defines Pc′. B. Pc′ for prism sample (Test U291
on Section 5R-1) using the SED method. In the SED method, a line is fit to the early portion of the data and
the virgin compression line. Pc′ is defined by their intersection. C. Casagrande method for underthrust sample
(Test U293 on Section 20R-1). D. SED method for underthrust sample (Test U293 on Section 20R-1).
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Figure F5. Time series data for Test U291 on prism sample (Section 343-C0019E-5R-1). A. Effective axial stress
(black) and excess basal pore pressure (blue). The excess basal pore pressure remained <12% of the effective
axial stress (e.g., ASTM International, 2006). B. Excess basal pore pressure.
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Figure F6. Experimental results for CRS Test U291 on prism sample (Section 343-C0019E-5R-1). SED = strain
energy density.
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Figure F7. Permeability, porosity, and conductivity results for CRS Test U291 on prism sample (Section 343-
C0019E-5R-1).
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Figure F8. Time series data for Test U293 on underthrust sample (Section 343-C0019E-20R-1). A. Effective axial
stress and excess basal pore pressure. Excess basal pore pressure remained <12% of effective axial stress (e.g.,
ASTM International, 2006). B. Excess basal pore pressure did not build sufficient pressure to calculate the hy-
draulic conductivity and permeability.
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Figure F9. Experimental results for CRS Test U293 on underthrust sample (Section 343-C0019E-20R-1). SED =
strain energy density.
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Figure F10. Porosity results for CRS Test U293 on underthrust sample (Section 343-C0019E-20R-1).
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Figure F11. In situ porosity estimates for prism sample (Section 343-C0019E-5R-1) from Tests U291 and T70-
303 and underthrust sample (Section 20R-1) from Tests U293 and T100-292 compared with porosity moisture
and density (MAD) measurements conducted shipboard as part of Expedition 343 in Hole C0019E.
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Figure F12. Permeability test example on prism sample (Section 343-C0019-5R-1). Upstream and downstream
flow rates have equilibrated, with equal magnitude and opposite sign.
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Figure F13. Experimental results for triaxial Test T70-303 on prism sample (Section 343-C0019E-5R-1).
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Figure F14. Experimental results for triaxial Test T100-292 on underthrust sample (Section 343-C0019E-20R-1).
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Figure F15. Summary of experimental results for prism sample (Section 343-C0019E-5R-1) from CRS Test U291
and triaxial Test T70-303 and underthrust sample (Section 20R-1) from CRS Test U293 and triaxial Test T100-
292). Estimated in situ permeability and porosity values for both samples are also shown.
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Table T1. Nomenclature.

— = not applicable.

Table T2. Summary of cores used in constant rate of strain (CRS) and triaxial tests, Hole C0019E.

Table T3. Consolidation properties, Hole C0019E.

Casag = Casagrande, SED = strain energy density, OCR = overconsolidation ratio.

Variable Definition Dimension Unit

A Cross-sectional area L2 m2

Cc Compression index — —
Cv Coefficient of consolidation L2/T m2/s
e Void ratio Dimensionless —
Δe Change in void ratio Dimensionless —
g Gravitational acceleration L/T2 m/s2

Hn Current specimen height L mm
Hs Height of the solids L mm
H0 Initial height L mm
K Hydraulic conductivity L/T m/s
Kin situ In situ hydraulic conductivity L/T m/s
K0 Coefficient of lateral stress at rest Dimensionless —
k Permeability L2 m2

kin situ In situ permeability L2 m2

mv Coefficient of volume compressibility LT2/M 1/kPa
OCR Overconsolidation ratio Dimensionless —
Pc′ Preconsolidation pressure M/LT2 kPa
Pf (Basal) pore fluid pressure M/LT2 kPa
Pp_down Downstream pore pressure M/LT2 kPa
Pp_up Upstream pore pressure M/LT2 kPa
Q Flow rate M3/T m3/s
Δu Excess basal pore pressure M/LT2 kPa
ε Vertical strain Dimensionless —
Δe Change in vertical strain Dimensionless —

Strain rate 1/T 1/h
φ Porosity Dimensionless —
φin situ In situ porosity Dimensionless —
µ Fluid viscosity M/LT Pa·s
ρw Density of seawater M/L3 kg/m3

σA Total axial stress M/LT2 kPa
σ′A Effective axial stress M/LT2 kPa
Δσ′A Change in effective axial stress M/LT2 kPa
σm′ Effective mean stress M/LT2 kPa
σH′ Effective horizontal stress M/LT2 kPa
σvh′ Effective vertical stress at hydrostatic M/LT2 kPa
σ1′, σ2′, σ3′ effective principal stresses M/LT2 kPa

Test
Core,

section
Depth
(mbsf) Unit Lithology Test type

343-C0019E-
U291 5R-1 697.18 III Gray mudstone CRS
T70-303 5R-1 697.18 III Gray mudstone Triaxial
U293 20R-1 831.45 V Brown mudstone CRS
T100-292 20R-1 831.45 V Brown mudstone Triaxial

Test information Specimen information
Test

conditions Consolidation properties 

Test
Core,

section
Depth
(mbsf)

Height
(mm)

Diameter
(mm)

Initial void
ratio

Strain rate
(%/h) Cc Cv (m2/s)

Pc′ Casag
(kPa)

Pc′ SED
(kPa)

OCR
Casag

OCR
SED

343-C0019E-
U291 5R-1 697.18 15.7 25.4 0.85 0.57 0.70 4.20E–07 17,000 23,600 3.1 4.3
U293 20R-1 831.45 19.0 25.4 0.96 0.86 0.57 9.00E–06 20,500 26,500 2.8 3.6

ε·
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Table T4. Estimated in situ properties, Hole C0019E.

Test information In situ properties

Test
Core,

section
Depth
(mbsf)

σvh′
(kPa) Kin situ (m/s) kin situ (m2)

φin situ
(%)

343-C0019E-
U291 5R-1 697.18 5510 2.7 × 10–11  4.3 × 10–18 44
T70-303 5R-1 697.18 5510 3.1 × 10–11  4.9 × 10–18 45
U293 20R-1 831.45 7310 NA NA 47
T100-292 20R-1 831.45 7310  2.3 × 10–11  3.6 × 10–18 47
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