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Abstract The prediction of the dynamic stress-strain relationship of compacted loess is essential in the pro-
jects of gully reclamation for farming and cutting mountains for city building in Loess Plateau. It is still difficult
to predict the behaviors. To fill the gap, this paper formulates a bounding surface plasticity model for compac-
ted loess subjected to cyclic loading. Specifically, a plastic modulus for cyclic loading is proposed to reflect
the behaviors of accumulated strain, and an updated mapping rule is introduced. Furthermore, the influence
of confining pressure and cyclic stress ratio on stress-strain relationship and modulus is shown by several case
studies, which is verified by experimental tests of compacted loess. The results show that the plastic modulus
reflects accumulated strain of compacted loess. The constitutive model considers the effect of cyclic stress ratio

on dynamic stress-strain relationship and modulus of compacted loess because of the proposed plastic modulus
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and updated mapping rule. The results can give reference for analysis of long-term deformation of loess-filled

foundation.
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Tab.1 Material parameter values for case studies
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Simulation of dynamic stress-strain relationship

(confining pressure 200 kPa)

P I 6 T AT TR R AR I 1 4 R S -
(YRR R AR BT Ao W SR U B 3 K, B
TR 1] Rz A 186 A, i ) o7 28 18 0 58 23R 528 T 0 /N o
PEERNE ) LB, SRRl ] B AR K, HRE RS
SKBBEERZE, U CSR = 0. 43 X 7 {9l ] o7 25 375
KT CSR =0. 35 Xf Jof () il 1) i A% (LI 6) o —
J5 T, ARG BRI 7 He A, 18 7 DR 2 b A 3T i A T

FEUBPERCR B/ HLN R SR BOR, T S A
PEREAS AR 3 — T T, AN RO 1 AR
A HREN A SRS LR, PR BB IR

T T T
LAR ——— ITHER

(a) CSR=0.35

— ERAE ———EER

LRI 2, 1%
(b) CSR=0.43

5 Bl AL 56 28 B (s 400 kPa)

Fig. 5 Prediction of dynamic stress-strain relationship

(confining pressure 400 kPa)
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Fig. 6  Prediction of accumulated deviatoric strain ( confi-

ning pressure 200 kPa)

HT P 7 AT, BB AS TR 1 40 A s 52 3
Sy R RO Shig R RE/ N T3
W IR S, (H 30— 2, BAE— PR 2t
Bty FRAS Rl [ (9 38 RT3 O, e e 1 ] e
XA . BEE PRI 2R R K, 2h s
PO 080, 75 107 YOARFR UKL P 808 0,
TRPR AT B LA A R



1 A 55 RPN S 2 iy s St T SR A M R -31-
684-692.

X spigLkBEl (CSR=0.35)

| AR (CSR=0.35)

I I I | I 1 I ! |
0 100 200 300 400 500 600 700 800 900 1000

BRLHEN

K7 Sl IR RERELIZE R ([ 400 kPa)

Fig.7 Prediction of dynamic Young’ s modulus( confining

pressure 400 kPa)
4 H£5iE

TN s S B R B B AR G AR, A B IE T
WA 100 S5 ThT B PR AS R A TR, T o A 1 A s 5
Gy JA0s i wez) BV EE v s v O e - S o

TEDFMEBBTEPEHERL T, 5IA T — 3%
WRAHEI, S T — A S e A2 SRAB IR B o 2k
ERPEAS A M TR IR NN s v 30
G IR PEAAG LI, 0 A 1 ARFR N7 HE XN g 1
ARK A Bl AR M LA

R AT A 1R AT A 52
o L EASE R BB 45 R SR 25 R
BT I PRI A BT i RE 08 P e [ 5 o
L AEER AR L IR R BRI AR i
(] J Sl P i gL i . WFFE 07 LS 4 Rl Dy
BO7 RS R i fe i =%

S 3k

[1] CORTIR, DIAMBRA A, WOOD D M, et al. Memory
surface hardening model for granular soils under re-
peated loading conditions[ J]. Journal of Engineering
Mechanics, 2016, 142(12) :04016102.

[2] WANG Z L, DAFALIAS Y F, SHEN C K. Bounding
surface hypoplasticity model for sand [ J]. Journal of
Engineering Mechanics, 1990, 116(5) :983-1001.

(3] TrkiR, Wi, Wik, % W =2 EHID R

R T ). 5 TR AR, 2017, 39 (7) @ 1189-
1195.
FANG H L, SHEN Y, ZHENG H, et al. Three-di-
mensional multi-mechanism bounding surface model for
sands[ J ]. Chinese Journal of Geotechnical Engineer-
ing, 2017, 39 (7): 1189-1195.

(4] #Ed), XX, 2. &0 TR LIRSt
A YRR [T ], 5 %, 2019, 40(2) .

DONG J X, LIU H X, LI Z. A bounding surface plas-
ticity model of sand for cyclic loading analysis[ J].
Rock and Soil Mechanics, 2019, 40(2) ; 684-692.

[S] GRHIAN, BN, Z2/NEE. B AR MERD o Al

MIWFSE ()], AR b T2 4, 2008, 16 (3): 128-
134.
CHI M J, ZHAO C G, LI X J. A bounding surface
plasticity based constitutive model for dilatant sand
[J]. Journal of Engineering Geology, 2008, 16(3) :
128-134.

[6] WOO S 1, SALGADO R. Bounding surface modeling
of sand with consideration of fabric and its evolution
during monotonic shearing[ J]. International Journal of
Solids and Structures, 2015, 63.:277-288.

[7] FANG H L, ZHENG H, ZHENG J. Micromechanics-
based multimechanism bounding surface model for
sands[ J].
90.242-266.

[8] XIAO Y, LIU H L, LIU H, et al. Unified plastic
modulus in the bounding surface plasticity model[ J].
Science China Technological Sciences, 2016, 59(6) .
932-940.

[9] HUC, LIU H X, HUANG W. Anisotropic bounding-sur-

International Journal of Plasticity, 2017,

face plasticity model for the cyclic shakedown and degra-
dation of saturated clay[ J]. Computers and Geotechnics,
2012, 44. 34-47.

[10] KIM T, JUNG Y H. A new perspective on bounding
surface plasticity; The moving projection origin [ J].
KSCE Journal of Civil Engineering, 2017, 21 (3).
652-658.

[11] ZHOU C, NG C W W. Simulating the cyclic behaviour
of unsaturated soil at various temperatures using a
bounding surface model[ J]. Géotechnique, 2016, 66
(4) :344-350.

[12] RUSSELL A R, KHALILI N. A unified bounding sur-
face plasticity model for unsaturated soils[ J]. Interna-
tional Journal for Numerical and Analytical Methods in
Geomechanics, 2006, 30(3) :181-212.

[13] YANG C, CUL'Y J, PEREIRA J M, et al. A constitu-
tive model for unsaturated cemented soils under cyclic
loading [ J ].
(6) :853-859.

[14] FUYK, GAOZ W, HONG Y, et al. Destructuration

Computers and Geotechnics, 2008, 35

of saturated natural loess: From experiments to consti-
tutive modeling [ J]. International Journal of Damage
Mechanics, 2021, 30(4) :575-594.

[1S] AW, SN, HRAR. BEZR Qp &Stk £+ 5y



<32 .

(LBl QSR S)

554 &

[16]

[17]

[18]

[19]

[20]

PAGAR BRI A5 [T ]. £ J157, 2019, 40
(10) ; 3855-3870.

CHU F, ZHANG H G, SHAO S J. Experimental study
of constitutive model of Longdong Q, structural loess
with compressive and shearing damage [ J]. Rock and
Soil Mechanics, 2019, 40(10) ; 3855-3870.

PEARIR, BRObK, 2B, 45, K, BS54 T
A e AR [T ]. B0 i 5 TR,
2022, 41(10) ; 2124-2134.

HOU L L, WENG X L, CUL'Y C, et al. Critical state
constitutive model of K, consolidated structural loess
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2022, 41(10) ; 2124-2134.

WA, BRIEDL, JrkEfs, 5. AR G0 B 4 i
SR U RS 5 A R S B R LT ] A 2
2, 2019, 40(1) ; 216-226.

YAO Z H, CHEN Z H, FANG X W, et al. Elasto-
plastic damage seepage-consolidation coupled model of
unsaturated intact loess and its application [ J]. Rock
and Soil Mechanics, 2019, 40(1) : 216-226.
FlgE. UL AR ALY« RO+ )%
[J]. TR, 2019, 41(2) : 195-254.

JIANG M J. New paradigm for modern soil mechanics ;
Geomechanics from micro to macro [ J]. Chinese Jour-
nal of Geotechnical Engineering, 2019, 41(2) . 195-
254.

R, BLL, Wi, 55 Z5RPE R LAY A
F 3 Ve B30 5 T SR A R A S50 [T ] 5
2, 2022, 43(6) : 1469-1480.

KANG X S, LIAO H J, HUANG Q B, et al. Spacing
ratio of structural loess and its prediction using boun-
ding surface plasticity model [ J]. Rock and Soil Me-
chanics, 2022, 43(6) . 1469-1480.

BEJTTE. MBSl ) A AR K bk Bk 1 R L
JRAEE ML D] 4% PR RO, 2014,

[21]

[23]

[24]

[25]

[26]

[27]

JUNG Y H, LEE ] H. Experimental validation of the ra-
dial mapping rule in bounding surface plasticity model
[J]. Journal of the Korean Geotechnical Society, 2013,
29(1) ; 171-181.

KAN M E, TAIEBAT H A, KHALILI N. Simplified
mapping rule for bounding surface simulation of com-

plex loading paths in granular materials[ J]. Interna-

tional Journal of Geomechanics, 2014, 14 (2):239-
253.

XU L, COOP M R. The mechanics of a saturated silty lo-
ess with a transitional mode[ J]. Géotechnique, 2017, 67
(7) : 581-59.

KANG X S, LIAO H J, HUANG Q B, et al. En-
hanced anisotropic bounding surface plasticity model
considering modified spacing ratio of anisotropically
consolidated clay [ J]. Acta Geotechnica, 2022, 17
(6): 2213-2233.

DAFALIAS Y F, TAIEBAT M. Anatomy of rotational
hardening in clay plasticity[ J]. Géotechnique, 2013,
63(16) ; 1406-1418.

SEIDALINOV G, TAIEBAT M. Bounding surface SANI-
CLAY plasticity model for cyclic clay behavior[ J]. Inter-
national Journal for Numerical and Analytical Methods in
Geomechanics, 2014, 38(7) .702-724.

A, Banad, BRFAR, % im0 RIS
o BN ARG B L AR A T[T ). A £ TR
4R, 2021, 43(S1) ; 235-240.

DAI Q, LIAO H J, KANG X S, et al. Behaviors of
dynamic strain and pore pressure of compacted loess in
loess-filled foundation induced by dynamic loading
REP
2021, 43(S1) : 235-240.

Chinese Journal of Geotechnical Engineering,

(%% %3 %k %)



