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Influence of Different Axis-Translation
Technique Using Ceramic Disk/
Microporous Membrane on Unsaturated
Triaxial Test and Its Numerical
Simulation
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Abstract: In this paper, an unsaturated triaxial test was
conducted on Masado using axis-translation technique
(ATT)

(MM filter) . The stress-strain relation and drainage

with ceramic disk/microporous membrane filter

properties in the shear stage was obtained under the
constant suction condition. Then, the finite element

method (FEM) was utilized to simulate the triaxial test
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as a boundary value problem. The drained/vented triaxial
tests results show that the degree of saturation and the
drainage discharge of the specimen with the ATT of the
MM filter is different from that of the ceramic disk. The
calculated global stress-strain relation basically has a
similar tendency as the triaxial test. The suction and the
saturation are non-uniformly distributed within the
specimen. The ATT with the MM filter is able to control
the suction better during the shear stage than that with the
ceramic disk. Thus, the unsaturated triaxial test with the
ATT would be considered as a boundary value problem

instead of an element test.

Key words: unsaturated triaxial test; ceramic disk;
microporous membrane filter; axis-translation technique;

soil-water-air coupling finite element method
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Fig.1 Schematic of unsaturated triaxial test

apparatus
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Fig. 2 Schematic diagram of cap and pedestal with

ceramic discs
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Fig. 3 Schematic diagram of cap and pedestal with
MM filters
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Tab.1 Water content, void ratio, and degree of saturation in different stages of triaxial tests
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Fig. 5 Test results of shear stage in unsaturated triaxial test
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Tab. 2 Material parameters of Masado
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Tab.3 Parameters involved in water retention curve

for different materials
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Fig. 6 Mesh and boundary conditions in FEM analyses (unit: mm)
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Tab. 4 Initial conditions of Masado, ceramic disc,
and MM filter used in simulations
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Fig. 7 Comparison of test and calculation in shearing stage

Bl 7 AEUE TR R HE K i 5 =i 45
XTI 7o AT B e AR AR A 3] ) ik
FEMHEK SR F 2L BB R AR 2 i HEK &
X5 =S B s R — 80, B =il
H o FH P M AR A HE K i U 22 L1 B A
FHEZK K 3 000 mm?, 7 K T A5 2 A HEK i
FEKRRPE 0 22 S R INAE BT DD R R R A f
JEAE 1o I 7d vT, 2L A A A 2
AR R AR A i T B RS AR (A 2 R i 5 =
RIS B S R . X R 22—y ok A T4
(AU P A LB B I P 8 A B A, DT 2 0
Pl PR H AR NI FEHE A 22 7 A — il 25 2R
BH 5, 5 — T WU PR R A ST R ) Xiong 45 8
R AR AR SR, F I8 T HRRARIEX T Ak
TR 5 , B SR P B AR P R K B R
T LB BRI (B ANE 7a TR 2135 5 R
FHAAR B AL BY Ak B TR AR, M T fifi45:
A LB BN = A T SRR R AR
2.3.3 YT I AN o3 A

THEAS 2 (91U 78 5 U 2 A8 v 09 W g 43 A
Kl 8. i B &k 2 LB BRI, Bab 1
JCIIWE 1 A8 A B /N T 1 kPa, BN EELE 35 D) 72

H R ) R 5T, IR ST R% 4 R 4 RE A Ak
HEARHE 3 D)o A il RE W g o AR BT D145 SRR
{6l FH B e AR P iR P D = BT IR B 2 KT
31. 0 kPa, MM {i F Z2 L35 1% 5 A9 10RE P 38 - K o
(I 1R 2 /T 31,0 kPa, 44 850 T 52 W% 7
K, A RN EE AT, Xt R T P R AR AR Y
WFEHEK R T 2B SRR RN . % P&
MR AR AL | 22 FL 75 175 IR AR A IR P R BT (1 W 7 5 T
TRELTC I ) 25 5/ T B AR | 2175 5 A
LU P e A PT LA 1 42 i S 6 2 A R A
F1o B9 JER T B U AR e SRR PS5 A A A
JEA AR . I 9 R FEP R RS B AR T 1lRE N
T AR B TT IR A A AR 5] o AR TR Y -1k
BT 32 B P B W/ 22 FLIB 185 J5 BRI v HR R B A
(R REIN | (AR BT AR AN BE 4R FialRe P BT, i
RN S 2 T AE SRR AR T B A b R TP, A
A AEE R, B4Rt (1 = 50 h), HARBICH)
TR 22 5 248 0. 07, DA P g AR 22 FL3B i s
R R A 4 ) A B RE AL o iaURRI T N
T FITRE 43 A5 DR BA 0 T A A7 B T 7 A X A 22 S 3R
AH, A A0 = Sl A BRAE 09 B OGRS, 1 BN 1%
PR E—Fh 2 A R



14 6] 5% K 2 2 (A 4K BE 2 B i 51 &

s/ kPa
28.0 28.5 29.0 29.5 30.0 30.5 31.0 31.5
HHA—A'

a PR
s/ kPa
28.0 285 29.0 295 30.0 30.5 31.0 31.5
#HB—B’

=25h =40 h =50 h
b ZILIBEEE

B8 syEEPiXENRNSH

Fig. 8 Calculated distributions of suction at specified times in shearing stage
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Fig. 9 Calculated distributions of degree of saturation at specified times in shearing stage
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