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The Development of Small-scale Freezing Sampling Method
Bi5MR (Hsieh, Pei-Chen) (ESRSASAERERATRAZEH)

In order to obtain high quality undisturbed sandy samples, especially for the issue of evaluating liquefaction strength accurately,
it is recognized that the freezing sampling method can avoid disturbance due to the collection and transportation procedure. Because
of much coolant consumption and time that conventional freezing sampling method takes, a newly ‘small-scale freezing sampling
method” was developed recently. In this new method, the diameter of freezing tube is changed from 76 mm to 20 mm, and the
diameter of frozen area is only about 100 mm, as same as the size of collected samples (see Table 1 and Fig. 1, Kobayashi et al.,
2019).

Table 1 Comparison of conventional and small-scale freezing sampling

Conventional Small-scale
Diameter of Freezing Tube 100 ~ 300 mm 20 mm
Diameter of Frozen Area 400 ~ 2000 mm about 100 mm
Diameter of Collected Sample 100 ~ 300 mm 100 mm

Movable
Tank of LN,

J

Boring Machine'f

Freezing ¢ Freezing ¢ = Sample ¢

2000mm 1

i

Sample ¢ .
100~300mm Repeat in different -
_Tube ¢ depth
\ = 100~300mm
Conventional FS Small-scale FS

Fig. 1 The comparison of conventional and small-scale freezing sampling (after Kobayashi et al., 2019)

However, due to the procedure of inserting the freezing tube into the ground, the ground around the freezing tube might be
disturbed before the soil has been frozen. To check the disturbance issue due to inserting freezing tube, a series of test was conducted
in a sand column and calibration camber, also the quality assessment of sandy samples collected by this new method is conducted in
this study (Fig. 2).

In the first part and second part of this study, a 750 mm-height, 186 mm-diamater sand column and a 850 mm-height, 680 mm-
diameter calibration chamber which can provide confined pressure like in-situ stress state is adopted, respectively. To prevent
the disturbance due to frozen procedure, silica sand #5 (e,,,,=1.098, e,,,,=0.683, D;;=0.4mm, FC=0) is selected as test material.
The density of model ground is about 65% ~ 75% in relative density. According to the test results, it is found that the insertion
mechanism of small-scale freezing sampling method is affected by the insertion conditions, such as insertion velocity and water flow
rate (Fig. 3), and the properties of soil, such as soil density.

The quality assessment of frozen samples collected from small-scale freezing sampling method is conducted by the measurement
of density and shear wave velocity. The results show that it is possible to collect frozen samples with a few disturbances, i.e., change
in density is lower than 2% and the change in small strain shear moduli (G,) is lower than 1% comparing to the in-situ and collected
frozen samples (Fig. 4). In terms of liquefaction resistance, the estimated difference from in-situ and frozen samples collected by
this new method is only 1.1% error according to the equation suggested by Kiyota et al. (2019), which is significantly smaller than
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conventional boring method. As a conclusion, it could be considered that the small-scale freezing sampling method is possible to
collect high quality undisturbed samples for liquefaction assessment (Hsieh, 2023).

Dr=74.3% Dr=76.1%
I.V.=1.5cm/s 1.V.=1.0cm/s
F.R. =60 cm®s F.R. =60 cmd/s

" Depth Diameter
(cm) (mm)

Depth Diameter
(cm) (mm)

122 118

110

*|.V. = inserting velocity F.R. = water flow rate

Fig. 2 Frozen samples collected from the small-scale freezing sampling method

s _ o | |nitial O Consolidation (CC)
Silica sand #5, Dr = 65% A After Saturated ©  After Insertion
. - X After Frozen
O Plugging Effect ¢ Sand Boiling 8 After Thawing ©  Consolidation (TS)

Silica sand #5, Dr =75%
@ #N #2 #4
€15 O O Collected frozen sample
3 (_Trimmed intq hoIIo\_N cylindrical
- 4 / 100 specimen for cyclic torsional shear test) y = 10.698x0:5217_
S y(\ed\/ Model ground in
k<] g.\(\g e/g - calibration chamber ) L
[ - © Measured by Bender Element - el
> A2 o
> #5 N 9/(\6‘00 #6 g S
E 0.5 (@] 7/\45'3 s | = y = 11.164x0.4447
@ / ¢ = -
» )
c [O)
0
0 15 60
Water flow rate (cm?/s) 10
1 10 100
p' (kPa)

Fig. 3 The mechanism of inserting freezing tube
Fig. 4 The relationship between mean principle effective
stress (p’) and modified small strain shear moduli

(Go/fle))
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