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Strength criterion of cross-anisotropic Qs loess

XU Ping', SHAO Sheng-jun’, ZHANG Shuai'

(1. Institute of Water Resources and Hydro-electric Engineering, Xi'an University of Technology, Xi'an 710048, China; 2. Institute of
Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: The structure of loess consisting of vertically extended cracks and horizontally deposited planes makes the
cross-anisotropic strength behavior. In view of this, by using consolidated drained true triaxial tests, three principal stresses are
alternatively loaded along the vertical direction. According to the geometric symmetry relation of the vertical principal stress
axis in the stress state in the eight planes, the strength variation laws of the meridional plane in the three spatial domains with
vertical and arbitrary horizontal forces and the variation laws of cohesion and internal friction angle with the ratio of the
principal stress are analyzed, and the failure surface of the loom with transversely isotropic structure on the octahedral plane is
obtained. Under the condition that the two principal stress axes are orthogonal to the vertical principal stress axis without
orthogonal rotation, based on the theory of the principal stress space rotation proposed by Lade, the existing isotropic strength
expression is improved and developed, and a new strength criterion for the rotation of principal stress axis in cross-anisotropic
loess is proposed. The essential effectiveness of the new criterion is confirmed by the results of experimental facts.
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Fig. 1 Specimen orientation in Cartesian coordinate system and

installed in cubical true tri-axial apparatus

1, BB 0 (1€ N

O=tan”' (\/15 2620,_?:5: % J =tan”' [%#gj - (1)
7373 A N B A AR T 0 € [0°, 360° T
X (D TBESH y ShENHEL KRN

p,=222"% _j=2p-1 . )
0,04
WRIEASCRIG AR, 32877775 18] P 1)\ T A 1 4

N3 AXIE: NS Tk 0€[0, 60° 1, N
I 3k: 9e[60° , 120° 1, R AZEEINEE: 6e
[120° , 180° ].

SRR, PRI EE R Z fiEH o, WKE
N7, PURRTH EAKSP ) X SiER o, RS, U
U 5 X #IERE M 5 — KR Y #PER o 9/
FERiS1, BTEN AW T 3k JURH L KF A X 4
YEF o HRER Sy, PIRHMEE R Z #7EH o, N
W R T, BRI _EAKSP A Y #iE A oy /N EN T,
J&F R ks PO BAKP ) X FPEF o,
RNRFENST, YRR EAKF R Y 35 o, bR
71, DU EE N Z #EH o, RN/ANERNT), BT
TR AR A o« EERE S A e, EEN
J1730E) T« 10 TIHE P R T 35 i [ 25 55 b 22 S L
EHEZK L =8, v 45 AN [R]85 B AR AL R

3 SEEMIAE
RO 2 LI, R [ Sk 7 3 B 7 T % JEUIR

LM B . B2 5N ERT 3 AKX A
B3 AN BE S e v 2 N LR A AR R . B 2 (a)
Ji 3 AL 22 A1 N 2658 4B b 32 R LEAEL I
ELDNEEIVIe N RN DB S < Ry i A L M
[MEEACEKEEPNE VTR e LIRS/ O N |
Sy IMHSR, 148k, TII PN AR 58 0 B 27 R 5 T g
Mo B2 (b) Fram 3 ANy A3 (]38 N BE 5 Ay 2 Bt
F2 7 EEAR G K S DB K AR a3 AN IX
BRI EEE A R SRR IR B W BRI
T 3 L 1A /F K 2 BT i T 3B BB AR R T 1
Sy IMHSR, 138k, TIIS PN AR 23R 0 B 272 R 5 T s
Ny b EHBUNS, 3 A XIS ES R R, BEE
AR IR, ZR @AY, RKZERAIL 3% ~4°

180 -
160 -
140 -
o 120
o) L
<
100 £
1
80 —=— 0=0° ~60°
—— 0=60° ~120°
60 - —— 0=12° ~180°
40 1 1 1 ]
0 0.25 0.50  0.75 1.00
_0y=03
T 01-03
(a) c - biiligk
45+
40+
"\; 35F
1
A
—=— 0=0° ~60°
30k —— 0=60° ~120°
—— 0=12° ~180°
25 1 1 1 1
0 0.25 0.50  0.75 1.00
S ]
T 01-03
(b) ¢ - pHlI%R

2 FRELE= MRS R
Fig. 2 Test result of intact loess
3R T . I, AR 2EIWE 3 FrsAs
[ o 3 7 ) FEARLRY ) R AR ) 5 FE IR 2, IR 238 1
BUF IR R .
Pl 4 )\ T A T o B2 4 SR ) T e — . A 53D
45 th Yo — SMP % Jia [F P B HE U, 05K A i
HEN — I E R 4 b S m RVEAENE T H =
R A R AR B X T T AL, AR AR i R



51 YEOME, AR S (Qy) B Ak SR EHE W TT 119

SERO A ] [P o PRI, TIDim B2 s F =l e

A S AF AR 5R LR, I T 5 /R & R i
R R = A R 6 ) 55 LA, A7 T TSR

PR, TR A 24 TAR SR L AR

1600 b=0  ¢=1.3077p+217.76
b=0.25 ¢=1.224p+186.56
1400 -0.50 ¢=1.1127p+173.99
1200 L =0.75 ¢=1.0543p+177.43
b=1.00 ¢=1.0967p+166.27
. 1000
5 800} o b=0
S o b=0.25
600 A b=0.50
400F .- x b=0.75
200" x b=1.00
1 1 1 1 1 J
0 200 400 600 800 1000 1200
plkPa
(a) BiArzskl
1600 p=0  ¢=1.5487p+217.71
1400 | b=0-25 ¢=1.3193p+111.49
b=0.50 ¢=1.1042p+115.4
1200 | 5=0.75 ¢=1.002p+137.62
b=1.00 ¢=1.08557p+119.06
, 1000
& soof o b=0
s o b=0.25
600 - A b=0.50
4001 - x b=0.75
200l * b=1.00
1 1 1 1 1 J
0 200 400 600 800 1000 1200
plkPa
(b)) BEA72 AR
1600 p=0  4=1.3655p+165.96
1400 b=0.25 ¢=1.1831p+148.62
b=0.50 ¢=1.0782p+124.99
1200} b=0.75 ¢=1.9864p+141.5
b=1.00 ¢=1.04957p+127.9
. 10001
X soof o b=0
S o b=0.25
| / A b=0.50
400 - x b=0.75
200b * b=1.00
1 1 1 1 1 J
0 200 400 600 800 1000 1200

plkPa
(c) BiAzs AR

3 3 MR A EIEF R E SR AR
Fig. 3 Shear failure surfaces in p-g plane in stress spaces of
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Fig. 4 Yield loci in octahedral plane for cross-anisotropic loess
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