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Development and validation of three-way rigid true triaxial apparatus for soils
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Abstract: The intermediate principal stresses have a significant effect on the stress-strain behavior of soils. To describe the
stress-strain behavior of soils more accurately, it is necessary to carry out true triaxial tests in the field of soil mechanics. A new
three-way rigid loading true triaxial apparatus independently developed by Xi'an University of Technology is introduced,
including the pressure chamber composed of four bottom rolling and side sliding rigid plates, a rigid specimen cap and a rigid
bottom plate, the three-way servo-hydraulic stepping motor loading control system, the computer and storage intelligent control
system, and the water-air suction control system panel. By dividing the rectangular soil samples into true triaxial rectangular
shear layer specimens and soil blocks of the transfer layer, transferring the vertical principal stresses through the end of the
transfer layer acting on the rectangular shear layer and applying the orthogonally bi-directional principal stresses with the side
sliding rigid plate, the technical problem of interference in using the traditional three-way rigid plate loading is solved. Through
the verification tests on the remolded loess and saturated sand, the rationality of the apparatus is validated, and the failure mode
of the samples and the cause of the test errors are summarized. The proposed apparatus has the advantages of simple operation,
uniform deformation and intelligent control of automatic loading.
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Fig. 1 Three-way rigid true triaxial apparatus
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Fig. 2 Schematic diagram of structure of three-way rigid true triaxial apparatus
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1.4 BNRITENFHEEE RS

BN RFASEEEEN . B EWAFLRRAKE )
2. wE 2 s, =R FERARTLEED 3 A1
PR s A2 B FETLIN B 48 1) 2R Gt b U L ) s 0 A S A
Ot M 7 #% A% 2 g5 B . P A T S 0 A R Y
WY-802 4, EFEH 0~4 MPa, K& 0.5%FS; Yt
PR AL KA GCS898, ®AEN 35.0 mm, FEEN

0.005 mms,

FEAR T, R A R R H i ot A e s
PR, W ES 5 ENLB0E R Sk
(M55 IR U BT Y, A% A S SO RS
A/D o, BTSSR BE K S R S A i
] F G AT ARG T 22 1 3 A 32 BT 5 R SIS PR R
i BN NEVE S R NI VS RIVE S H S-SR SR I
AL

2 RIS E

DZBREERT, e K i LR 28 T
P T RIMERR AN B, (6 FE Ay s sk, T
B, WA S (2). OISR N, B
FARRREE G BTN . ERIRIERTS HOK I
WAL SRIE IR 2, 3 BRI T4
WHLER, DAL 3 5 W R 18] 1) B8 R
@¥RE LB IE 1 BT, AT R,
(R 5 T R RS B, 225 T, WP 5 (b))
@222 B [ ELAT 3 A5 277 [ O, LI 5
(0). OREELSHURTHELS, soRELERE
VI BHUS AT, RFB IS, R
1E, R .

%&i’?ﬁﬂﬁﬁﬁ‘]{ﬁﬁ

(b)



1110 =

+ T B % ik

2025 4F

AR RS

B 5 X HR
Fig. 5 Test procedure

3 IHERIGLEER
3.1 EEMIAW

TG FFUR AT O 58 R T A% 18 38 A 1 45 B2 (1)
PR, X EEIAE R . R ZACEET T 3 AR
Pl A E B O =R, WA KRN 20%,
TE BN 1.50 g/lem®, INELHIE L5 704 50 kPa,
FERNAIE b A 0. W 6 Fias, 3 PRI IR 1-RiAE
LRI B — SO, Rt S P 32 RS 1
e PRI (1 F A

500
w=20% 03=50 kPa b=0
400 |-
<
% 3001
S
1,200
L
— B
100 | — W2
—— W3
1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

81/%

6 EEMINE
Fig. 6 Repeatability tests

3.2 ZMENNNEXREIE

NIRRT B = A S B, AT T E B+
AR = FR 45 v A8t DA K 3 AN 3282577 [l ) B
ARG B B NI AN ) A 1 D B A
BT 3AENATTEIRIN SN A2, BARILE 7,
X2 o AR AR, BRI ZE U,
H I B i) — Bk

Ak, X E B AR AT T 3 AR
73 e R S AR I, FHEAS R T L AR 7 AR £k
QI 8. X E, RBUE BRI T, 3 DR
JI77 T 2 i 22 AR /N o T B WA I T 7 A

ISz TP SRS TR BN /), PR i)
BOVEHEE /N

300
250
200 F
£
= 150
3
100 |-
— KEMIFR
50 —— PENAFH
INERLS I A
0 2 4 6 8 10 12 14

81/%
(a) EBRLHFRMEBRR

500 -
400 -
s 3001
=]
<
€ 2001
— KERAH
100 - —— WERHIT
ANERLIIFT T
0 2 4 6 8 10 12 14
81/‘%)
(b)) HUAIRD L f0 45 a2
&7 FmEmEiti
Fig. 7 Equidirectional loading tests
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Fig. 8 Uniaxial loading tests
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Fig. 9 Comparison of true triaxial apparatus with two loading
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