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Abstract

In this study, focusing on the quantitative evaluation of the mechanical behavior of kaolin clay at the micro scale, the
deformation behavior and strength in the micro region were examined. Furthermore, the strength of the microscopic area
obtained from the indent test was compared with the strength obtained from the unconfined compression test.

From the creep test results based on load control, it was found that the deformation characteristics differed at a certain
water content in a microscopic region. It was also found that the liquid state of clay can be judged by this test. From the cycle
indentation tests based on displacement control, it was found that the hardness differs in strength characteristics at a certain
water content in a microscopic region. The displacement control test in the micro region showed that the liquid state of clay can
be evaluated from the viewpoint of strength evaluation. As a result of examining the effect of the loading rate on the strength,
the obtained strength was almost constant for the loading rate from 0.05 to 0.5mm/s, and it is considered that there is no effect
on strength due to loading rate. Compared with the undrained shear strength obtained by the unconfined compression test,
the strength derived by micro-indenter was almost the same. In particular, it is considered possible to evaluate the strength in a
microscopic region by using a rate in the range of 0.2 to 0.5mm/s.
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Fig. 1 Schematic depiction of indenting on sample surface and relationship between indentation load and indentation depth
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Table 1 Test condition

Cycle Single
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test test
1
2
No. of indentation 1 5 1
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ﬂgﬁ;gme 0.1 0.1 0.1
0.2
0.5
1
I .
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(mm)
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Table 2 Test condition for cycle indentation test
No. of indentation +: Loading/—: Unloading (mm)

1 +1.0/-1.0
2 +0.5/-0.1/+1.0/-1.0
5 +0.2/-0.1/4+-0.4/-0.1/4-0.6/—0.1/4-0.8/—0.1/+1.0/—1.0

10 +0.1/—0.05/+0.2/—0.05/+0.3/—0.05/+0.4/—0.05/+0.4/—0.05/40.5/—0.05/+0.6/ —0.05/+0.7/

—0.05/40.8/—0.05/+0.9/-0.05/+1.0/—1.0
20 +0.05/—0.025/40.1/—0.025/+0.15/-0.025/+0.2/—0.025/+0.25/—0.025/+0.3/—0.025/40.35/

—0.025/+0.4/—0.025 /4-0.45/—-0.025/40.5/—0.025/+0.55/—0.025/+0.6/—0.025 /+0.65/
—0.025/+0.7/-0.025/+0.75/—0.025/40.8/—0.025 /+0.85/—0.025/+0.9/—0.025/4-0.95/

—0.025/+1.0/—1.0

213 BEEREZZLLIE-E—BEAHARICLIHEE
B

HAT R A AL S A 2 B0 FOR O SNV R IR I 5 0
% DOEIZDONTHRENT 27289, 7THEHO®EE
0.0l mm/s, 0.02mm/s, 0.05mm/s, 0.1 mm/s, 0.2 mm/
s,0.5mm/s, 1.0mm/s % i \» T HL — 4 iA 5% (Single
Indentation Test) %47 - 7=. @AkhHiE, —lE A5 %
79 72DIT/ER L 2B ROEEAATH D, JEX 1cm
274 ALl &2 U7z fEEliko &Kk,
54.6-58.5% DHIPHIZH D, D EKIIL56.7% TH >
7z, AR X2 1.0mm & U, #&fimiEad 1w, 5k
F 1D OGN IS B T T o7l D47 5 7.
FABRIE 13K T 2007 & IRV AR T b 5 728, i
BEERI OFHERPEAKIZ & 2 BIZBE L Tk,

2.2 —EEMRFERIC K 254 E R

AV F v T =3 VR &0 R 72RO T NiEISR
TORRE L RS 57280, —BlIEHGEER A 1T - 72, Gk
WA U 2= RIS, PITE KL 70% (IC 3R L 72 7
U UKt E, AE10.0cm, X 12.7cm OEE R d IR
M7 < 5%, 65K 300N D %2 CFRIEEL, i
££3.5cm, ME1lemZFB L2 DTH 5. —ili i
PRI O 22 IR IR D B K I3 55.7% Td - 72,
HARTEE 13X 1% /min DIESF O F AR EC 2 HA & L,
HAR TS JISA 1216 121 D i O I & & 1 A &=
ERfEORIEE 1T > 72, BT 1A R & 7 - TH|
EWMZOT AP 2% LA UK TRT L7

3. WREEE

3.1 ZU—T7THROBER

—5E DA % L ORUINESU I A BT 72 AE T A%
EHEM AR 2720, 70— TilBEIT- 7. Ak
AT DWW iR & 5 . Fig. 43 & & KILD
FRRHZ 3FRE D 7 5 0.03 N, 0.04N, 0.05N % Ml & 7= ik
DRERTH 5. BAEIZH T 2O DMK E 7=,
1522 3EHEE L 72728, BmE Cid6fflor —
L2ERL TS, KhOFEBITREMELERL TN

Ak, WATAEO0.0IN B LU0INIZDWT & illk4 &
B U723, i 3 e RS O TIRMEL T Th - 722
&, BRERIMUAAEES P 1I0mmE#HBL2Z 05,
A2 TIIAER AR L Tk, Fig 412k 0T, &%
EMEICEER, SRS T £ To 60 KM & h =i
EAKRZLIEEDNWTWAZ bR 5. ZOREA
HAFETITHNR TS 720 THD, MLADEXIZE >
CREMBEL—FEIMRESIE LD THD. TOLXx
DOMEDIMLUIAAFEX N2 ) —TEE xS, [ Uff
EHTH->TH, BARILOMEHEKE L & BI2 DN TREM
HIET S E TOMUAARE S HIEKR L, BEfEITE

L7=#D60MEIZEIT 22 ) — TRIZDWT & RIS
BML T3, /2, fEA2-EOMICHIET 58, K
KL 724 5O 5 D I EKILDMEA K EL £ B12O0
TNEL B>THD, GAREO & RO
ABBIL, WIROVWEER XM E B ZEnbrb.
FIEOIES DX DK, AAKEOBINC X - Tkakik
IR AFAE S B EACRBED R —VER R S h 5
lHEHEILLENS.

Fig. 51, 7V — 7B 6155 Mz —E M EH KD 60
BHEoOs ) - TREGKILOBRERLZKTH S, &
B, KOERIZT + =3 — 2 %O HERA RO
FREFMKIZL T3, BB ST EIZ DWW T 2D
OftFRIRIC LFEfEL, ThZhEgkibEaflel 2z X
H D AT ST T 8 CTAT - 72 3D FRERAS R, BAuid
FN6 ONHE, BEEIETIS A 120512 X B EERRR O
HAERL TS, EGARAEINT 21207200, 21 —
FHRIZERANSHINL, Z OEAROBDEAERE T 5 HH
Bl iz, TOERBLEFMT 5720, FHEO T —
T Ui TR A L, REOHBIREEET S
B A BE L 55 - HEMRENL0.915 2 5 0.995
DFPEIZH D, BOIEOMHBEERTZ Ebr o7z &
MoK, WEA0.03NDE Z1380.0%, 0.04N
DEEIF76.6%, 0.05NDE X1F745% L 50, AL
TeiEDOEEME & S ICBER RO EAK MK T3 5 Him %
AUz, BRE L&KL, JISA12051C & % G MERR A
DIED 78.0% IZENVEE B> TWB I ENbh b, ZTD
Z D, fEHIENIIED & MU NEROZ I 28] % S



$59% 515 (2020)

VA oaA Ty =W A ) VR ORNIZER B O E R

Al

T T T T
0.06 LT ! ! X { —
—~ i A2
z L 4 L 4
~0.04 — — — —
- S
8 - - - -
— 0.02 — 1;=0.6— — 1;,=0.6— — 1, =0.6—
Load : 0.03 N 4 - Load : 0.04 N { - Load : 0.05 N 4
O I 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 | 1 I 1 1 I 1 I 1 I 1 I 1 | 1
0 0.1 02 03 04 05 06 0 0.1 0.2 03 04 05 06 O 0.1 0.2 03 04 05 0.6
T T T T T T T T T T
e T T T T T T T T [T T T T ]
Z L 4 L 4
~0.04 — _
=
g L 4
30.02 |— =084 |- I;=0.8—
- Load : 0.03 N - - Load : 0.04 N - Load : 0.05 N 4
0 i | 1 I 1 I 1 | 1 1 | 1 I 1 I 1 I 1 = 1 1 I 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
L T 17T L LI L L L L LU
0.06 - I I ] B I I ] B I I ‘ I]
Z L 4 L 4
—0.04 — _
o
g 4
— 0.02 — I;=0.9 I, =0.9—
Load : 0.03 N 4 Load : 0.04 N
O L1 1 I 111 1 I | I T | I 11 I 111 I
0 0.5 1 1.5 0 0.5 1 1.5
T T T T T T T T T
0.06 | I I | B I I | | I I |
Z - 4 L 4
—0.04 — — — —
o
8 - - - -
20.02 | L=10- L=10- K I,=1.0—
- Load : 0.03 N 4 - Load : 0.04 N 4 - Load : 0.05 N
O 1 I 1 I 1 1 I 1 | 1 1 I 1 I 1
0 1 2 3 0 1 2 30 1 2 3
T T T T T T T T T T T T
vos o T 1 | I I | ] [ | ]
2 L 4 L 4
~0.04 — — podd
o
g L 4 _
20.02 | =114 |+ L=1.1- L=1.1-
- Load : 0.03 N 4 - Load : 0.04 N 4 Load : 0.05 N
O 1 I 1 I 1 | 1 1 I 1 1 I 1 1 I 1 I 1
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
T T T T T T T T T T T T T T T T T T
0.06 I I I I I [T I I I 7] [T I I I I
Z L i L i
= 0.04 — — —
o
E L 4 L |
20.02 L=12—- | L=12- =12
- Load : 0.03 N Load : 0.04 N - Load : 0.05 N 4
O 1 I 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 | 1 I 1 1 I 1 I 1 I 1 I 1 | 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Indentation depthd (mm)

Fig. 4 Relationship between load and indentation depth in creep test (the number of repetition of measurement, N=6)
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Fig. 6 Load-displacement curves derived from cyclic indentation test for the sample with I; =0.9. (the number of repetition of
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Fig. 7 Relationships between hardness and water content under each cycle indentation
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