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Study on shear bands of undisturbed loess under plane strain
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Abstract: For the plane strain problem of engineering construction in loess area, the plane strain shear tests on intact loess under
different lateral consolidation pressures and moisture contents were carried out by using the transformational true triaxial apparatus of
Xi’an University of Technology. The experimental measurements of angle of inclination for shear band at shear failure were obtained.
The Mohr-Coulomb and Roscoe solutions to angle of inclination for shear band of were derived from the stress-strain curve. The
changes of intact loess strength, failure mode and angle of inclination for shear band were analyzed. The study results show that the
stress-strain curve vary from primary softening type to secondary hardening type wih the development of new structure when the
water content and lateral consolidation pressure increase. The failure modes of shear band present single line-shaped, cone-shaped
and X-shaped as the increase of lateral consolidation pressure. Along wih the increase of moisture content, decrease in the cohesion,
internal friction angle leads to reduce the angle of inclination for shear band of Mohr-coulomb solution, while the enhanced dilatancy
rising the Roscoe solution. With the increase of lateral consolidation pressure, both the dynamic internal friction angle and the
dilatancy are increase, resulting in shear band inclination angles of Mohr-Coulomb and Roscoe solution increase.

Keywords: plane strain test; loess; stress-strain relationship; Mohr-Coulomb shear band; Roscoe shear band

R H 1 2022-04-06 SR H . 2022-05-13

R H: EXERRHES (No.52108342); BRVEH HRFL ARG T RI-5 1 GHRICE £ H  (No. 2019JLP-21, No. 2019]LZ-13); P§%:
TR HEN4 (No. 107-451122001); BRI A K FIRHLITIRITE (No. 432021019).

This work was supported by the National Natural Science Foundation of China (52108342), the Basic Rearch Program of Natural Science in Shaanxi
Province-Han-Wei Joint Found Project (2019JLP-21, 2019JLZ-13), the Doctoral Initial Funding of Xi’an University of Technology (107-451122001) and the
Shaanxi Water Science and Technology Program Project (432021019).

BofEERE: BRI, T, 1997 SR, BUERTE, EENHRLAFESTRTHNIR. E-mail:zhaokail99711@163.com

WRAER: /M, 53, 1991 A, L, YRW, MFLzhF 53 JEE ) . E-mail:shaoshuai@xaut.edu.cn



434 = +

b 2023 4

1 5 =5

W ERERR T V2 0 A0, FEFRE P A X 3
THERE. R KA. ES. HES,
HoRs R 2 g £ B i X A A it e 1 P
J7REN TR, HAp s TRELA T
MM ARIRAS, By, EthE. 8k, RBIERE
SR RS e . FR TP S AR BT U R R
B GRE P R =R B A O s ) 5 AN T /N
MR RAR, PR, ST RAR S5 A T AR TR 5 e AR
e, FEEMRREITE, HIE N =R %
PR E PR AR . Khalid 2255 7+ 1P
NARRES, W TR R AR L R X AN
[FPRLAR D (1 . 77— 278 5% 58 e B ) Al £ FRT 5200
e TR B M BY D) 5 Wi/ 5 Mohr-Coulomb®
Roscoet,  Arthurl®1 %5 85 51747 Wi 1 1) 25 5=« AR AR AR
ST b 3 = R 0 T IR 46 R 1 B I R R
B2 G S HEAT 00T, WF 7 R B = b T 4 )R
R BAHEMEIUIAT, B MU R 3 N7 4
PRI AL, RN AT 3287 77 A% S 2R
R A RAR AR 5K 3 AR O R 2R
BT s T AR IR R AR AR R
I A R ST b B 40 7 0 %) s 25 4 e 7= A AR R
B, BIUI T IE AR . ik T & B i
BERIVE B TR =5, AT 7PN AR R R
R BE 58 R R AR TR I 45 T FORF 7T o FEAR [l &5
MRS, RIE 7K 2 J50IR 3 8y P #E 2
AR, BEE [ A RGO, BRIk
P RCREAL Y o P T A% B DR R B e o = ) R
AT 0.15~0.35 Z 8. BT PN ARG K
R AFEMEX FAREE B . A s A, B
DI IR KN 32 87 g B 26 8 77 T (R 8 1 N AR A
SZIE, Mohr- Coulomb 1 Roscoe B 7] i f1 1 £ b
R R, A AT BEOIR B S R AR 1 BY
Pl mi R R B AR B . ASCR S E =
B, HEAT VTR A JEUIR 38 b 1) B DI RER I
BRI AL .

2 REHTHR

21 RBAR R %

RIS BT BRCIR B AR TG 22 T 1 RE IR K AR
GEIRAL, BXEIRFEEZIN T mo NARIEREE RS K
KIGBIEINE, FERIRBEMK AL AT 3 9 N 2384
2~3 m JFEREE, BUSK T AREOR . A R R
T, R B aER R aE I, AR REER,

G HAIERI LI % . RICEFE N R A 5
SE%. MO, PARSERCMRIG A R IR . TN
ML, J8B Qe L. ARIEER L e, H
JERAE I RE 2 DI 6] 2 300, R I AR v R i
Goxf HFARE M HEEN . RSN 7 emx7 cmx
14 cm. JFAREE I EE A B T AR bR WL 1.

K1 AEBRELNEEWEER SR

Table 1 Main physical properties of loess in Bailuyuan
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Fig.8 Curves of angle of inclination for shear band under different lateral pressures with the same water content
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Fig.9 Curves of angle of inclination for shear band at different water contents with the same lateral pressure

o E#HES
P '"'"":_.'oﬁ'— / ~ Py ey [ e
= o, | SEL—
Y [ B Bl
J—r _45°+£ ) % o / %
Os /1 2 - J
K|
A /~ 2 4542 I,
\ﬂ;; P ’ %> \?%ﬁ Ui%/%ug
Ral-o e
o ~ e ] \(
ys @ BGEEE 4 \ \J/
2 —

(8) B RASRA B

(OEER=-RRITINEIN I EN

(c) FEIE-FTHI R AR RS WAL

B 10 “FHEMASRS T LES LA TIBEAER

Fig.10 Shear failure modes of soil in engineering under plane strain

Mohr-Coulomb 5 H BGRIGAE, B Bl bl
Mo SEBRIIAFE/KZFE . ASFEME T Mohr-Coulomb
B N B B 11 fs o

w=9% 200 kPa
T 13%1706, 21% @ 300kPa" 140 kpa
) | /5, = 50kPa
- }J//.-'

v

(a) 03:=50 kPa (b) w=17%
11 AEEAE. fET#Mohr-CoulombBI Yl ~EE
Fig.11 Schematic diagram of Mohr-Coulomb shear band
under different water contents and lateral pressures

5 45

T Ik B = A e JUIR B R AT AR TR K
2 AN [EM ) [ 25 ) 1)~ T AR5, 456 Mohr-
Coulomb. Roscoe BYYJrHiff, = st 7 AR
FONT B A 5 R R B U AR AR B B ) AR () R
BRI

(1) fEFHRBARE T, 2RSS
TG RIMBEIR . IR e, JFEREE +
I = AR 56 R i 2 AL Y e B AL B A s 5K
71 PR FRCN B IAT 58, S BT DR
i} Mohr-Coulomb BY )4 i /1 J&/)» . Roscoe B 1))
AR,

(2) TEFIRASRAS T, 28 i A S A Bt I 1)
il 45 6 33 R BER . IR S5 MIRE 2 TR, TR 3%



2 M e

JLEE: P M AR T ER s BB D) T 441

N AR e F 2R R ALY e R AL R L AR B
JEE 45 F 18K K B AR AR R MG A, S SO B B AR B
Mohr-Coulomb. Roscoe B 4775 1 14k

(3) PR AIRA T, LRSI UIRIARR

W 00 e [ 45 T AT RO R, AR R BB — By L
RATTY)HA X BT YIRA

(1]

[2]

[3]

(4]

[5]

(6]

[7]

(8]

2 % 3 W

XFE M., o 5 TRRIM]. PE 2 BRIGRFEABOR
fi4t, 1997: 1-5

LIU Zu-dian. Mechanics and engineering of loess[M].
Xi’an: Shaanxi Science and Technology Press, 1997: 1-5.
KHALID A ALSHIBLI, STEIN STURE. Shear band
formation in plane strain experiments of sand[J]. Journal
of Geotechnical and Geoenvironmental Engineering,
2000, 126(6): 495-503.

. B IMLL dE Rt TE R ORAE R, 2013:
172-178.

LI Guang-xin. Soil mechanics[M]. Beijing: Tsinghua
University Press, 2013: 172-178.

ROSCOE K H. The
mechanics[J]. Geotechnique, 1970, 20(2): 129-170.
ARTHUR J, DUNSTAN T, AL-ANI Q, et al. Plastic
media[J].

influence of strains in soil

deformation and failure in
Geotechnique, 1977, 27(1): 53-74.
AR, BREE, RIEE, 5. MR L ETY)H A0k
FERPE I E =8I0 R 7T [J]. A L%, 2015, 36(3E T
1): 66-70, 84.

SHAO Sheng-jun, CHEN Fei, DAI Ya-feng, et al. Shear

band mechanism and strength characteristics of structural

granular

loess tested by true triaxial apparatus[J]. Rock and Soil
Mechanics, 2015, 36(Suppl.1): 66-70, 84.

AR, VERE, BREdR. TRETIE e sl o4 2 &
) S P HE AT 7 [3]. 5 & T FR 254k, 2013, 35(3):
422-435.

SHAO Sheng-jun, XU Ping, CHEN Chang-lu. Several
shear spatially mobilized planes and anisotropic strength
criteria of soils[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(3): 422-435.

wkE, ARAER. SFIHRIAR S A TN B A R e 0 AR T
5o ERME a0l R AR IE %M, 2016, 49(3):
112-121.

ZHANG Yu, SHAO Sheng-jun. An analysis of vertical

(9]

[10]

[11]

[12]

[13]

[14]

loading deformation and strength characteristics of loess
under plain strain condition[J]. China Civil Engineering
Journal, 2016, 49(3): 112-121.

TKE, AR, BE, S PSR R N AT+
AR ] A4 S TRk, 2018,
37(2): 485-496.

ZHANG Yu, SHAO Sheng-jun, ZHAO Min, et al.
Experimental study on constitutive models of structural
loess under plane strain conditions[J]. Chinese Journal
of Rock Mechanics and Engineering, 2018, 37(2): 485-
496.

skE, ABAER, XIHE, . PN RN
FEMIGR L 7 6 JEUIR 31 4 58 B2 5 AR TR R P i 36 F 93]
+AR TR, 2019, 52(5): 90-100.
ZHANG Yu, SHAO Sheng-jun,

LIU Jin, et al

Experiment study on strength and deformation
characteristics of intact loess considering initial stress
under plane strain loading and unloading conditions[J].
China Civil Engineering Journal, 2019, 52(5): 90-100.
HKE, ARARAR, TRE, SRR AP N AR BT
Je AR B 7T [3]. SRR AR 244, 2017, 50(10):
111-120.
ZHANG Yu, SHAO Sheng-jun, HE Hui, et al.
Experimental study on plane-strain shear and yield
characteristics of intact loess[J]. China Civil Engineering
Journal, 2017, 50(10): 111-120.

ARAAR, BRE, MEE, 55— Mo E = Ao
H5 I K], & L2, 2009, 31(8): 1172-1179.
SHAO Sheng-jun, LUO Ai-zhong, DENG Guo-hua, et al.
Development of a new true tri-axial apparatus[J]. Chinese
Journal of Geotechnical Engineering, 2009, 31(8):
1172-1179.

BEE, UM, RN, JOIR B - AR Lo st R 16 T
R AR TREER, 2021, 4303 ) 1): 117-121.

HAN bo, LI Hang-zhou, SONG Li. Experimental study
on nonlinear strength characteristics of intact loess[J].
Chinese Journal of Geotechnical Engineering, 2021,
43(Suppl.1): 117-121.

FARGTC. £ ML BT, SR, Jbat:  EKA)
K L Hi R AL, 2001: 144-176.

MASTSUOKA H. Soil mechanics[M]. Translated by
LUO Ting, YAO Yang-ping. Beijing: China Water &

Power Press, 2001: 144-176.



