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Bishop and Eldin (1950)
Undrained triaxial tests on sand
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Lee and Seed (1967)
Undralned cyclic trlaX|aI tests on sand
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Ishihara and Yasuda (1972)
Undrained cyclic _ tests on sand
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Dial gauge

Towhata and Ishihara (1985)
Undrained cyclic torsional she

Belofram cylinder
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Conventional stress-

controlled loading device
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Koseki (1987, Master thesis)
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RIS A variety of laboratory stress-strain tests have been
UIE conducted to reveal

and applicability of countermeasures such as
densification, chemical stabilization & desaturation.

For example, developing/improving apparatuses & relevant
control/measurement techniques have been made on the
following issues:

OO0oOoooo

Multi-directional loadings

Effects of sample disturbance

Effects of partial drainage (and/or membrane penetration)
Effects of specimen preparation methods

Effects of consolidation time

Possible link with small strain modulus



In this lecture, it is attempted to report some of
relevant

in such development/improvement.

For example, developing/improving apparatuses & relevant
control/measurement techniques have been made on the
following issues:

Multi-directional loadings

Effects of sample disturbance

Effects of partial drainage (and/or membrane penetration)
Effects of specimen preparation methods

Effects of consolidation time

Possible link with small strain modulus
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1. Introduction OUthne

2. Local measurements
2.1 LDTs for cylindrical/prismatic specimens (triaxial)

2.2 LDTs for hollow cylindrical specimen (torsional shear/triaxial)

2.3 Local dynamic measurements

3.4 Direct/indirect evaluation of local deformation during liquefaction
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Accelerometers for
dynamic measurement

Application to clip gauges for
large-size cylindrical specimen
(Koseki et al., 2011)
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LDTs in unconfined compression tests

rubber membrane is used.

on gypsum-mixed sand

(Maqsood et al., 2019, this symposium)
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Large scale plain strain
compression tests on
compacted gravel
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2.2 LDTs for hollow cylindrical specimen (torsional shear/triaxial)
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Small unload/reload
cycles along
different stress paths
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using P-LDTs
after fixing
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2.3 Local dynamic measurements
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Application to AE (acoustic emission) tomography for
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Typical AE data for 0.5 second at a sampling rate of 2MS/sec
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Summary on local measurements (1/2)

O Several types of LDTs have been developed  Gapsensor /glrginum
for local static measurements in triaxial, (e
plane strain and torsional shear tests.

v' They are effective in reducing the effects of
, end restraint and/or system
compliance in general.

v" They can be also used to evaluate
possible non-uniformities of the
local stress/strain distribution
induced by system compliance
and/or specimen heterogeneity.

Insufficient stiffness
of internal loadcell

Specimen
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Summary on local measurements (2/2)
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1. Introduction OUthne

2. Local measurements
2.1 LDTs for cylindrical/prismatic specimens (triaxial)
2.2 LDTs for hollow cylindrical specimen (torsional shear/triaxial)
2.3 Local dynamic measurements
3. Unconventional liquefaction tests
3.1 Liquefaction tests using motor-driven loading devices

3.2 Cylindrical/prismatic specimens with thin sandy layer

3.3 Segregated hollow cylindrical specimen

3.4 Direct/indirect evaluation of local deformation during liquefaction




Liguefaction tests using motor-driven loading devices

Motor-driven
loading device
(Zhao, 2018)

Conventional
loading device
~ (pneumatic
cylinder)
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Conventional

Motor-driven

loading device - loading device
Silica sand No.5 ili

Control of loading device Silica sand No.7 RETINTGELTS

(Zhao, 2014)
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Conventional

Motor-driven
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3.2 CyIindricaI/prismatic specimens with thin sandy layer

.




Field survey at Yokowatashi
(Deng et al. 2011a)
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AS: Air servo;

LCDPT: Low capacity differential pressure transducer;
HCDPT: High capacity differential pressure transducer;

V; : Volume of injected water;

CP.: Current effective confining pressure;

V,, : Volume of needed water to inject;

AV: Volume increment of injected water at the next step;
E.C.P.: Effective confining pressure;

V.W.F.: Apparent volume change due to system compliance.
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3.3 Segregated hollow cylindrical specimen
_Liguefaction by 2011 off the Pacific coast of Tohoku Earthquake




Land development works in Kuki city, Saitama prefecture, using
dredged sandy solls (Koseki et al., 2015)
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Observation of water film below fines layer in 1-D column test
(modified after Fauji, 2015)
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Undrained cyclic torsional shear test on segregated hollow

cylindrical specimen (modified after Fauji and Koseki, 2014)
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no significant effect of possible water film formation was observed.



Attempts to observe water film in cyclic torsional shear test on

segregated hollow cylindrical specimen (modified after Fauji, 2015)
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a) Reinforcement

of membrane b) Gap filling

Still, no significant effect of possible water film formation was observed.



3.4 Direct/indirect evaluation of local deformation

Pasted in advance
on membrane and
analyzed as

indirect evaluation

Observed through
transparent
membrane and
analyzed as direct
evaluation

“@ sand particle
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Cylindrical specimen using transparent membrane and
colored sand particles (modified after Zhao et al., 2018)




Undrained cyclic triaxial test results on moist-tamped silica sand
specimen (modified after Zhao et al., 2018)
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Vertical slippage accumulation durlng Ilquefactlon of S|I|c:a sand

modified after Zhao et al., 2018 |
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Summary on unconventional liquefaction tests (1/2)

0 Liquefaction tests using motor-driven loading devices can reveal more

clearly the

12

Motor-
driven
loading
device

604'>OJ>00

Axial strain, ¢, (%)
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2. Ox10 4. 0x10 6. 0x10 8. 0x10
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v They are also effective in conducting
image analysis of the specimen
deformation during liquefaction, by
which local deformation can be directly
evaluated using colored sand particles
and transparent membrane.

-12

Deviator stress, q (kPa)

though they require Ionger testing time and special feedback control.
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Summary on unconventional Ilquefactlon tests (2/2)

0 Liquefaction test results on segregated
specimen and
shall be analyzed and interpreted as
boundary value problems.

v’ Effects of system compliance need
to be considered properly, including

drift of load cell output and local =

drainage due to membrane

penetration/wrinkling Il =

as well as filter paper e 5
. ot | Specimen =

deformation. =

| Pedestal | Wrinkle




1. Introduction OUthne

2. Local measurements
2.1 LDTs for cylindrical/prismatic specimens (triaxial)
2.2 LDTs for hollow cylindrical specimen (torsional shear/triaxial)
2.3 Local dynamic measurements
3. Unconventional liquefaction tests
3.1 Liquefaction tests using motor-driven loading devices
3.2 Cylindrical/prismatic specimens with thin sandy layer
3.3 Segregated hollow cylindrical specimen
3.4 Direct/indirect evaluation of local deformation during liquefaction
4. Other special tests
4.1 Large deformation tests

4.2 Direct tension tests

4.3 Long-term tests




Watanabe
etal. (2016)

Fo
L.




Large deformation torsional shear liquefaction tests
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Correction for effect of membrane force (Chiaro et al., 2012)
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Toyoura sand, Dr=46.5%
(Chiaro et al., 2013)
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Modified after
Wahyudi et al.
(2015)

Pneumatic system for
vertical loading

Direct motor system for
torsional loading

s —¥ ¥ P 4 Inner ring
—

| &= —

P S== H Hollow cylindrical specimen

r T A—

Stacked-ring torsional shear apparatus
to maintain the same specimen shape &
dimensions even after large deformation




Modified after | - '927 0F———————
Wahyudietal. = 9 ol |
(201.5) E %Jo 30 | -
, C 5o y WO O—O0—O0—0—0—0—0—0—O0—O0—O—O—O— -

g O
= = 2 & 10} |
'_ 1-D compression 2 ol 5o -
. on Toyoura sand 3 Dr = 54.9%

,“.‘ (Dr=55 %) s 10 15 20 2
LUk [ 0.0 bew Elapsed time: min.

S

~ ——— Top load cell

£ —o— Bottom load cell

(0]

| -

= — 9
- = 51 i

(]

O

]

| -

)

>

— 0.2 ) . -
o Reduction due to friction

_0’,’ l
,Q‘ Dr = 54.9%

- Bottom R
0 50 100 150 200 250

load cell

Vertical stress, o, (kPa)



Stacked-ring shear apparatus after reduction of specimen height and

typical constant-volume cyclic shear test results on dry Toyoura sand
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Constant-volume monotonic shear on Aso pumice
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Constant-volume monotonic shear on Toyoura sand

100 1 ' 1 ' 1 ' 1 1 1 1 1
o . =50 [kPa]
P~ | v,top0
© 60 —— .
80 |-

% 3, 10p6=50 [kPa] |
N
- 60 Toyoura sand

- Pumice B - 069 @ .
2 10 LR
Q N’ Dr =-3.0%
= (o Dr=1.7%
(7)) Dr = 18.2%
b Dr =33.3%
8 Dr =46.3%
c 20 B L 1 M 1 M 1
3 100 120 140
(@))
©
o
> OF {
< 1 1 1 1 1 1 1 1 1 1 1

0 200 400 600 800 1000
Overall shear strain, y (%)

1200




4.2 Tension tests

Lattice-shaped ground improvement

Rammed earth wall (Araki et al., 2016) . [l PY In-Situ cement mixing as liquefaction
= countermeasure (Namikawa et al., 2007)

Minor principal
stress (kPa) :
Tension in red
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Trimmed cylindrical specimen for test
(Namikawa and Koseki, 2007) 4 P,
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test result on cement-treated sand with
several types of axial strain measurement
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Typical condition of failed specimens in unconfined tension
and splitting tests on unsaturated rammed earth material
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Unconfined torsional shear on A S| [With s fction ende:
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Stable performance of

4.3 Long-term tests

Long-term creep loading tests using triaxial apparatus:
Hayano et al. (2001) on sedimentary soft rocks

AnhDan et al. (2006) on compacted gravels

Enomoto et al. (2015) on sands, and

Enomoto et al. (2016) on undisturbed natural gravelly soils

loading device, its
control system and data

acquisition system shall
be ensured
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Unconfined monotonic compression tests under different strain

rates on

(Magsood et al., 2019, this symposium)



Long-term stability of load cell, LDTs & external displacement

transducer (converted into virtual specimen response)

Axial Stress (kPa)

Elapsed Time (hours)

Latex rubber membranes start to allow
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penetration of cell water in about 100 hours

(Tatsuoka et al.,

1988)

v" Inability to evaluate volume change of specimen

v Desaturation of initially saturated specimen



Long-term air-permeability of micro-porous membrane filter

Advantage over ceramic disks in terms of equilibration time
for measurement and control of pore water pressure in
unsaturated soils (Nishimura et al., 2012; Wang et al., 2016)

Membrane
filter

Application of air No air bubble visible
pressure started (t=0) (t=48 hours)

upside acrylic bottle —_

_ _ filled fully Air bubble appeared Air bubble expanded
actylic containet with water SCHEE (=54 hours) (t=72 Rours)
sealed by grease steel mesh
\ <€ > membrane
m mfllteﬁr
— = :

air Pressure -ring

Cross-section
(Wang et al., 2017)

Membrane filter with nominal AEV of 250 kPa
under sustained air pressure of 25 kPa




Summary of lessons learned

O Though rigid boundary is effective
in keeping the specimen shape in
large deformation tests, effects of

from other special tests (1/2)

o
i

——— Top load cell
—o— Bottom load cell

=

_-=10p _

interface friction shall be

evaluated & considered properly.

Global vertical strain (%)

load cell
2 K \D\\ﬂ -
- ‘Beductlon due to friction"”
' Bottom Ioad ceII Or = 54.9% |
3O l 50 100 150 2(1)0 l 250

O In evaluating tensile behavior of
bounded soil specimens,

have advantages
over splitting tests, while
attentions are required on
testing apparatus & procedures.



Summary of lessons learned from other special tests (2/2)

O In conducting , stable performance of loading device,
its control system and the data acquisition system shall be ensured.

v In long-term use of rubber and microporous membranes, possible
penetration of water and air, respectively, shall be checked as well.
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1. Introduction OUthne

2. Local measurements
2.1 LDTs for cylindrical/prismatic specimens (triaxial)
2.2 LDTs for hollow cylindrical specimen (torsional shear/triaxial)
2.3 Local dynamic measurements
3. Unconventional liguefaction tests
3.1 Liquefaction tests using motor-driven loading devices
3.2 Cylindrical/prismatic specimens with thin sandy layer
3.3 Segregated hollow cylindrical specimen
3.4 Direct/indirect evaluation of local deformation during liquefaction
4. Other special tests
4.1 Large deformation tests
4.2 Direct tension tests
4.3 Long-term tests
5. Concluding remarks



Concluding remarks

OO0 Some of the “element” test results need to be
analyzed and interpreted as boundary value problems
In terms of the stress/strain non-uniformities and the
specimen heterogeneity.

v Possible effects of system compliance should be
properly considered as well.

O Each of the variety of laboratory stress-strain test
methods has its specific advantages and limitations.

v By developing an original way of application, the
limitation may turn into an advantage.




