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Initial structure of loess and its evolution
under condition of stress and moisture

SHE Fang-tao"?, SHAO Sheng-jun"?, FAN Wen'

(1. Institute of Geotechnical Engineering, Xi’an University of Technology, Xi’an 710048, China;
2. Shaanxi Key Laboratory of Loess Mechanics and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Loess structure is more important mechanical properties of loess besides its particle size, density and humidity. Based on
the theory of comprehensive structure potential, we made a synthesis of the existing structural parameters and their evolution, and
structural parameter can be of two types: initial structural parameter and the process of structural parameter. Structural parameter
tends to satisfy both the basic physical property of soil and its evolution under the condition of stress and moisture. Based on existing
problem of structural parameters and their evolution, structure index is used to describe initial structure, and stress ratio structure
parameter is used to describe the process of structure. The relationship between stress ratio structural parameter and comprehensive
strain is studied. Finally, a mathematical model that can reflect the attenuation evolution of soil structure under the condition of initial
stress and moisture is established. Theoretical analysis and triaxial test show that the model can avoid the influence of confining
pressure under the condition of triaxial tests on initial structure, and it can consider the influence of body strain and shear strain under
the process of stress and moisture. The model can more accurately reflect the damage evolution of loess.

Key words: loess; structure index; stress ratio structural parameter; initial structure; evolution

1 a8l = GRIF NI BK INETRER S A e, B

JEUIR A EEE AR BT ARTE RN,

3L L AR PSR PR VAR A AE T 2L 45 R T M A S EE . RIS TE . R

Pho B MATERERRLEE . S WAy MR RS M RS BT ST iE R, XA

RN K, (ER IR IUARN SRR B ARV S B — AR I ) - R AR
BRI, XA E RO S R TN SRR A — P

A AR AP E RO, R LR WS EWI R CAE T B, &)

Weka HIW: 2013-04-19
HEWH K HARARESE (No. 412723200,
WAEEEA R, B, 1983 4R, L, FEASH ) TRFIFT TAE. E-mail: shefangtao@xaut.edu.cn



510 4

RITVEAE SN AR E L R AR A 2797

(¥ 7 A8 S8 K 2 50m, PIRISLBR L 5 M S 5 m, ),
2 N 45 0 2 5 m, RN R L 4 # v S 8
m,, B, TG00 BRI SR R B FR A m, 1, B S BY 5
BB Hm . O A S B A A
ribshel, HArgirk S50 2k TR
g B R BRI S SR ekt
FEUL K S M ey 30 ASCHET it fEVPIR
A EINES B I At -, M EE
S AT UG A AL P8 2R 281 T Sl A 1A KA
B, Al P Ak e o ) PR A 1 R
e 734

2 ARSI B REA AT

ERE GRS GE LA, Sk vE S BuE L.
ZSNOE 2= LTS HEET S S 2 AN IV R AR SROES
HPESE e NI REE TS, S
AR TES L LB S E, N Skt
SR, NSRS NAR G RIVES R R4
WRIG AL, BN B I S R B RS SRt
BACKHLHE, (EAEE S TR BRI B VI a5k B s
LR PERIR . SLBREL SR vE S80S WAL S K 5
BB HEA—8 AUR RWIEAEL. N gkt
SRR T H M =IRG8 T BTUIN x4
FIPERIRIR, AR FFBEA S WERRY: o6k L 45 TE IR 5%
Wi, SRS, Ny HERPE S BT X, N
SRS HOAT TP A Te. BB RN L
SRS EAE ST UIE R RS A f, A
o 5 T (K 45 K 11 B B D0 A [0 5 T 2 48 K ik
AN, R I . XS AR SRR e A
U2, BT ) RIER Y. 75 #8235 1S i 45 IR
RN R S P (RIS o AR T Edk JURD 2R PS4
[ J) B A S B AT R I B o s B o S 45
PPESHOZ H R AR EE 2 - Y 5 K
BN IR WA s 25 T @ PR B AR IR
BYNAR (R A A, T ARCIA B N A S i T - FR AR
T3 SEbs R T L AR P BT SR R R .
I3 RARIGERITES K, B e BRGT s 55 A
FESRFR. E R T A AR TER, ANBER )i
ARG AL o

3 3 S5 R LS B N ) SR 1 2 8 AR
SRS AN B L, EILEE R A A
AWEARZAL, oy BEEACRECRI, AR
A GRIVERE AR, R LT (9 @5 RV e pisi A
IR IR BT N AR AR, AN RSN AR (KI5 o
Fo, i RIS s T = By D)k, A

(7] i 45 BBl Hs A1 D BT DI 0 a6 45 K S B b L
SR Bl AE SRR A A B AU 2 A )RR
IR Ty, [ 45 B s SR PRI I i I 70, 8
XIAE A R PE R WA S P AN BRI o R
PRR A2 MR BT 156, Py AN [ 45 il s (1 52
Wiy, AHILANRE SRR T 25 T ai P AL L R
LR bpnd, st EsS, Lyl
EH I TESBANYIG S TES EON IR, T RE S
PESBRAT VOB S . ) EE S5 R 1 2 BN s Y i B
SR WIGERIES KR T BRI 5 B AA LR
bro FHCR KIS Lk CA a i S8 s
MHOA L, S FoBr ik A REAR L Hh SR A
PR e PR AT AR B AL IR At R

3 SRR AL T R

BT RO DA SR P S HO A A
PP S AT, SRS R bR S N B E I TE S 4L
ST WS AR SR P S AR A TR AR
R, BT R .

HOG, PR R S BT R T ER Y ) 5 8
32 30 B AR AN N AR ER 15 S (R 25 AR o

g =\ &L+ & (D

AP ey NERENAR: e HBINAR: & NRNAR.
SRIG, HETHRN RS, e B R
SRR ZR A N AR TR AR . BB LR S Y
AR L PRI TR Y g Ee Gt AL 1t 2 5k DL BT D) N ) dh 4h
WP AE, PR IH— g 25, sl (2) fr
o XA AT AW BRI 45 H He 0 BY D) 4046 45 K P4
ERI e, JFAL By R b g5 M S 8 5 25 G AR
KA MBHPAFRLE 0~1 (0], RIW] S A [R] [H A
ANTF) KA s B B i R v — A S A 1t 2 H b

LRE N AR AR
m, —1.0

m,—10

K m WGBS EG m, WG A R
24

(2)

m= f,(w,0;.,&p) (3

Kot w Bk oy, B LEIE (ANERD.
K, AW 5 ok RS .

m, = f>,(w) 4>
BJa, KRR E ARG ST TN
m,=m (5)

n0 u



2798 b +

b 2013 4

Wi (2 ~ (5), 3RS IR A R
L ARBAE ] F AR AR RIA K

mnzfl(w’asc’gn)[fz(w)_l]*‘l (6)

4 Wt 5%k

T 3 R 2 8 7 A R G ) BR T R
5, AT SRUE ERREEH T g AR
TR0 B AEE A VY 2 AR B YR B, TR
JEHh T m AT, THEN 1.52 glem®, RIARG/KH
H15%, SVEFRECK 13.4, [ 45 4 514 50+ 100
200. 300 kPa, F /K370 10%- 15%- 18%- 22%
IR EEIE DL R AR . S 7K 10% 1 Bk
TR RAR R LRI 7236045 o B KA 18%
T 22% I JEUIRAE SR FH R AR JGUHR 388 gk 3 o v 7K V2ol
s SERHARE I, SRS TERIBEL T CE 24 h LU L,
1Ko H A L. EIEARE R T A K
RIS, I RFEE G AR F #h <
AL B4 o M PR BT IR 32 EEF T RE S Iy U &5
FIVERIR BEFR bR, /K3 5 0 =l [ 45 H AR5
—EPJER . TR LRI .

AU HT 38 3 A G RBE T4 it S5
SRYNARZ AR R, BT 75 SRR N AR %) 4544
PR A I R I R o AKX (1D PRI ZRE MY
AR T VEIAT R BRI A, % Lb 4l R P Bl B Y
5 RELE A N ARSI 2 S, W 1 s, mlAlL

—- R
e Gi ol

HTESH m,
~

+:
&
[’}

0 2 4 6 8 10 12 14 16
N (&/ ep) [ %
(a) TKEN10%
5
4 b —— BIRAR
g ! - ZEENAR
& o3
&
el
:E
F
0

0 2 4 6 8 10 12 14 16
N (& ep) %
(b) FKFEN 22%
B 1 SR BT AR R A AR AR AL A
Fig.1 Changes of sructure with shear strain
and comprehensive strain

IR S AR A 50k 28 ) 1 e el A A 5
WREK, SR NAR I S M 52, ek T+
FEA G P ENE VRBP4 BV IBOIAIIR . 245K
HREQNIN, - LR AR B AR R S5 R P A
B, T AR G A NETERIOR,  BTNAR RS S
PhE LR R ik v PEAE I .

SRS BB LR & N AARAC I, I 2 FoR,
ATUVEH, SRR N, ittt Siftt 25
B BT DA TR I OB R o IR SRR, WIR Y
DI Gk P2 2t [ 45 ) s R AR AR AR

10
‘ —e—50 kPa

—— 100 kPa
——200 kPa
—=—300 kPa

LEHIYEBH m,
S

0 2 4 6 8 10 12 14 16
LB N en / %
(@) FAKREN 10%

8 -
—o— 50 kPa

£ 6 I —— 100 kPa
= —— 200 kPa
ﬁ 4 —a— 300 kPa
=
o2

0

0 2 4 6 8 10 12 14 16
LN ep | %
(b) FKFEN 15%

7 -

6 —o— 50 kPa
3 5 —— 100 kPa
£y 4 —— 200 kPa
“ —8- 300 kPa
€ 20

1 -

0 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16
LB N en / %
(c) FIKFER 18%

7 -

6 —o— 50 kPa
3 s | —— 100 kPa
By 4 A —— 200 kPa
) —= 300 kPa
H 3¢
Recd

1 L

0

0 2 4 6 8 10 12 14 16
LRGN A ep | %o
(d) EKEN 22%

B2 AREE. AASKREHESHSSENERRR
Fig.2 Relationships between structural parameters
and comprehensive strain under different confining

pressures and water contents



510 4

RITVEAE SN AR E L R AR A 2799

XA A AT S R P 52 [ 5 ) s PR s 43 P 3 P A
PRI o A AAE SRR R P ] — L AT G 2 4
PERAZAH A, AN SRS KT8 K B/ o
WO W Tl X 56 1) B s ) T 5 R T S W o »
K Q) W% ARG KER . ANE 45
i s o U1 — A Sl A P2 BBt 255 I AR TR AL LR
W 3 PR, AESARRIRAR, B Ao gk itk
SR LR NAR R RN s A2

. 1.0 Tf‘f“%, —e—50 kPa
= 08 | R —— 100 kPa
& o ——200 kPa
e —=—300 kPa
iﬁ 0.4
T 02
o S-0-0-6-6-o 2 i
0 2 4 6 8 10 12 14 16
GrORiEen | %
() FRENL 10%
< 1.0 & ' —e—50 kPa
= 08 B —4—100 kPa
& o L ——200 kPa
e —8-300 kPa
iﬁ 0.4
T 02
g :
0 —_—
0 2 4 6 8 10 12 14 16
LRE N A e /%
(b) EHKEN15%
. 1.0 —e—50 kPa
= 08 [ —— 100 kPa
@ o6 P& Iy ——200 kPa
B —=—300 kPa
iﬁ 0.4
T 02
jang
0 PN ]
0 2 4 6 8 10 12 14 16
G en | %
() BKHN 18%
. 1.0 i —e—50 kPa
= 08 b ;n‘ —— 100 kPa
& o " ——200 kPa
e —8—-300 kPa
iﬁ 0.4
T 02
jang
0

0 2 4 6 8 10 12 14 16
L N ep | %
(d) EKEN 22%

B3 AFAREE. ARSKRHEH-HERESHES
SRENERR
Fig.3 Relationships between normalized structural
parameters and comprehensive strain under different
confining pressures and water contents

KA, FRE A S B 545 £
R TEARA A U LRSS, 0 HLBEAE RS R, 45
P ZE VRS

WAL 3 g e, @fdEa s

m= f(w,05,¢&p) =

- &p P
1+[4+ Bw+ Bwin(1+ o, /1 000)]e,

e [A45 507k kPas A B W& HPERERIE
Wz, A LRE S48, 4=-02, B=0.1.
Bl 4 AR BEARARBE S /KB 2 RIOC R, MIFEFR bR
BES KR RO, AT KRR, bR
AR, HE KRB, AR BTA, W
TRV I LG EHR G 13

m, = f,(w)=Cw" (8)

L. Co D AVIREEERES S, Ak ik
KZH, =270, D=-13,

Wit (6) ~ (8) @ NHILA LS PEEINE 2,
YERN ZRasE A R B, AR

m =|1- *p .
7 1+[A4+ Bw+ Bwin(1+ o, /1 000)],

@W—QH

D)
Hep T A RIS 5 Frs, B 5(a)
HAMFEYIG e L, BEE N B ARANTE, 45
PRI A AR T SR p e B, [ 45 [l S AN
WRIIREERE, DU A MLt . P
5(b)AT &, LIS KR AACABGE MR IR a5k 1L,
[[IRER- RSS2 I E e E o St R A )
XA RIPER M, IF B8 T IR Bl F o ALY,
AR BTN AR KIS RIS, SRS b S e B L (1 5
R LA .

14 b xR HRE
g 12 f — AL
1% 10 |
£ 8
% j I my=270w "?

\ -
2
0 1 1 1 1 1 1
0 5 10 15 20 25 30

w/ %

B4 HERRSEKERRR
Fig.4 Relationship between structural index
and water content



2800 Es N Y 2013 4
2 g = 03 =30 kPa XIE Ding-yi. Exploration of some new tendencies in
_10 - 03 = 100kPa gy BXp
S| - 03,=500 kPa : : .
ﬁ 8 e on=1000kPa research of loess soil mechanics[J]. Chinese Journal of
= j I = 03:=2 000 kPa Geotechnical Engineering, 2001, 23(1): 1—13.
St - 21 WX, FEA RGO e B S HT T
0 &R, A TRRAEH, 1999, 21(6): 651—656.
0 3 6 9 12 15
e/ % XIE Ding-yi, QI Ji-lin. Soil structure characteristics and
(a) L2 100 kPa . . o
new approach in research on its quantitative parameter[J].
16 Chinese Journal of Geotechnical Engineering, 1999,
14 o - w=5%
g 12 —= w=10% 21(6): 651 —656.
& 10 | - w=15%
W o w=20% 31 BRAraL, wlll, (%57, % Bt i JsoRon 145
) = w=25%
I o4 BRI, TR, 2007, 29(9): 1330—1336
2
0 CHEN Cun-li, GAO Peng, HE Jun-fang. Equivalent
0 3 6 Lo, ? 12 15 linear model of intact loess considering structural
&p (]
(b) FKFEN 10% effect[J]. Chinese Journal of Geotechnical Engineering,
B 5 SR B T 2007, 29(9): 1330— 1336.
Fig.5 Calculation of structural evolution . .
athematical model [4] A, FCK, R UK L R R AL
SHATTI]. AT TFE2ER, 2004, 26(4): 531—536
s 4 i . N .

-H SHAO Sheng-jun, ZHOU Fei-fei, LONG Ji-yong.

(D) WBEERIA S5 TS5 R FoE A AR 1K) Structural properties of loess and its quantitative
MEESHT, KEMESEUr R, 2l R parameter[J]. Chinese Journal of Geotechnical Engi-
FESE, BEEN AR S LRSS TS neering, 2004, 26(4): 531—536.

M Q:': ) Z_%\/ Q:': ) Z_%\/ , » J-ILA — . . o
o BHEHIESEL BOIHAIESHL TR o wme bk B % TR
UKL KRNI SR, B, T

B O IFAPIRESASEZAL, i, TR WIS RIER SRS B, %, 2012, 33():
PUR SRR LSRR, JEWT T &S 220t a0

AL '

(2) BRI T R A NS 5 B AR [ 22 R AR DENG Guo-hua, SHAO Sheng-jun, CHEN Chang-1u, et al.
M T eSS xR, EEKERK A structure parameter reflect coupling action between
I, AR AR - R gE W P BRI sk, RS KR shear stress and mean spherical stress[J]. Rock and Soil
BN AR AR A [ 4l R PR PR R /S o Mechanics, 2012, 33(8): 35— 40.

i v ! 7‘/’%” ¥ NYEv N P . e S

CORPIRAT GG ST, 6 s, Stmmont gtaptse RILSECS St A R
o AN N e < 4SS TR AR, . . , PSRN
- R AT &35 A L 217 2 FERE AL I X . _ \

(7] #8AEMR, M, FIE®E, 5. 3R RRbR A S

A PETD SN S /o I e 1 G w14
2 % L W

(1] e . Wi TeE i - ) =i s b [ - 3& 1 7).
5 TR, 2001, 23(1): 1—13.

W IA]. 51015, 2010, 31(1): 15—19.
SHAO Sheng-jun, ZHENG Wen, WANG Zheng-hong, et al.
Structural index of loess and its testing method[J]. Rock

and Soil Mechanics, 2010, 31(1): 15—19.



