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Study of non-linear constitutional equation for
humidifying collapse loess

LIU Jin-yu',XING Yi-chuan®,ZHANG Ai-jun’
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2 China Institution of Water Resource and Hydropower Research s Beijing 100044 , China)

Abstract: [Objective] The study was conducted to establish a constitutional equation for loess during
humidifying collapse to provide theoretical foundation for numerical calculation of loess’s humidifying col-
lapse deformation. [Method) Based on grading immersion traxial test on the condition of equal stress ratio,
the paper applied three-parameter Sigmoid equation to fit the relation between average stress p and collapse
volumetric strain € and the relation between deviator stress g and deviator strain ¢ on the conditions of
different water contents respectively, and then the three specific parameters of Sigmoid equations were
gained. Later, the functional relation between those values of three parameters and water contents was
built. Finally, the non-linear constitutional equation for humidifying collapse loess was acquired. Through
this equation derivation and calculation, material parameters for humidifying collapse loess could be gained.
[Result] Using above-mentioned regression method,constitutional equations for the relation between aver-

age stress p and collapse volumetric strain ¥ and the relation between deviator stress ¢ and deviator strain

e}’ on the condition of different water contents were obtained respectively. Validity of those constitutional
equations were proved by back calculation analytical method. [Conclusion) This three-parameter Sigmoid
equation is simple and easy to use which can express transformation behavior of collapsible loess commend-

ably.
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Table 1 Physico-mechanical properties of Zhangqiao loess
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PR ACK v B T e IR/ %% WML/ % o ]
nitial water (gecem™ ) Specifi it Liauid limit Plastic Limit Coefficient of self
content Initial dry density wpectiic gravity 4 o weight collapsibility

10.0 1. 36 2.70 28.0 16. 3 0.0868
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Fig. 2 Curve of ¢ — p of Zhanggiao loess
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Fig. 1 Sketch map of humidifying collapse deformation
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Table 2 Parameter list of Sigmoid function between average
stress p and collapse volumetric strain &

at different water contents
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Table 3 Parameter list of Sigmoid function between deviator

stress g and collapse deviator strain &'

at different water contents

Gk Y% 24 Parameter sk Y% 24 Parameter
Water content a b X0 Water content a b X0
15.0 5.7 34.6 175.6 15.0 4.6 20.1 115.0
17.5 7.8 30.9 159.8 17.5 6.8 16.1 109. 8
20.0 9.1 30.5 148.1 20.0 8.5 18.0 103.5
22.5 10.1 29.2 132.2 22.5 9.9 18.7 99.2
25.0 11.2 30.5 128.6 25.0 10. 5 17.8 94.3
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Table 4 Relationship between parameter of Sigmoid function and water content
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xo 20=993. 04e 003 0.98 20=2332. 450 % 0.99

IR 4 FNT5 R (7D n] AR AR T L 2= 0. 5
2 — KR T ISR R it e . % 4 sk
SE AR R PHEE T 1.3 ] Sigmoid B L 3 M2
HERRZIEHHRRER . h T3 TS
b 5 RS R R A OG22, Sl T AN [R]  K
REMTZH b MBUEAM 22 Kk 4 b i 1

81 k=0.5,0=17.5% .
& RIS Test points
6F — RE ML
| Back calculation curve
Sy
K%
2 -
1 1 J
0 100 200 300

p/kPa
K4 £=0.5,0=17.

53 B 5 13 A8 fY) Sigmoid bR R 250 b WUH S 3
{8 I RS 23 T B 7 B 5 K A 17,5 0 B 4
I S OR o B R 5 g 2 R R AT

o, HE R ILE 4, dE 4 ﬂ’ﬁl 3 5k BE BT

T’**?K’fﬁfﬁfif K R 3% B AR AR I B AR R AT
M.
=0.5,w=17.5%
| & BRI K Testpoints
| —Esm
Back calculation curve
8
'5.“;. 4t
2 -
0 1 1 1 J
0 50 100 150 200 250

g/kPa

SVON SR B & el — p Ml el —q SO i 2R 5 i 00 O Y P A

Fig.4 Compare between back calculation curves of ¢ — p and & —¢ with test data points
q

of Zhanggqiao loess when £=0.5,0=17.5%

WRAE TR R U L B i K RUT 6 8 DI Bt G
e XA
_Jdp
=52,

dq

G= (€]

de, °

e, MRBUNAL e, S 1 B A2

AT _LREER Ty R A R OK S AR R (8D L T
DAFSZ 30 B 1 o A bR i 2 8. IR R 30 (7D
SR UIREDG IS = STV = 1 e ot v S DR T (R T 2 LS
PURIE A Kl [ VI 2By D) A G A3l i 3R



214 P AR K 0 AR

5 39 &

BN

(.z*.zo)

_b[1t+e 7 P

K" (&8 G") 9

- (x—xy)
ae b

OO R 1 3 B P B b BRI BT Y s B AR 4
Pho B AR 4 R eR ROC R X AR A 2K (O il 3t
SRR — PR T B R HR R R K — G R
I3O A BAR SRR SR N AW R &

_ 9KG
E_G+3K’
_ 3K—2G
#_2G+6Ko (10)

T E F e 5300 0 b R0 U0 2 SRR FITA FA LE

B QO K.G K G AUt ar L5
IR AL -5k E — e B SR i T
WK E—p MRS L ARTIFRPERE)Z
A4 L R R LASE AR 5 - K E — g B3R 23 BT i
BB b B U R I R B AR TR AT

14 ik

18 3 6T [ VY A T R T A2 B ST R B A i e
A7 =4 ) He A R KR L A B TR [ KR
SR 2 1 5 38 I AR BRI A R A 1 5 3 B B
JO7 7 22 [) B9 17 3 90 A8 5% 2+ W T Sigmoid bR AR 3
ZR07 R 156 A5 BN ) AR G AR AT 1AL 45
BT AR A KRS Sigmoid R 3 A4S
B B UAE L XX 3 A2 B0 [T AR 5 5 K 50 5
HESL T RGN RN L 23 BT T AL Sigmoid
PR KR 7 A B A e 0 3 ST B AR K R S AL
AR B AR TEAT g o B JE X Sigmoid B 3 28
J7 REHEAT SR T B0 T RUAR BT R st TR Y B 3
A A ek 2 B, R TR RT LA K 4 2 00k B 0 AR
B T BB T ST

(&% k]

(1] xifH . # b IB B Rk et (] A+ TREAR,
2001(3):138-139.

Liu Z D. The improvement of computational method for loess
collapsibility [J]. Geotechnical Engineering Technique, 2001
(3):138-139. (in Chinese)

(2] XUt 84 0225 TR (M. PE% . BRVERHE A, 1996.
Liu Z D. Loess mechanics and engineering [ M]. Xi’an: Shaanxi
Science and Technology Press,1996. (in Chinese)

[3] TSI, & £ Iy ss i & e 5 8 [T]. K J1 & i 24l
2000(4) :54-63.

Xing Y C. The development and outlook of loess mechanical

[4]

[6]

[7]

[8]

(9]

(10]

[11]

[12]

properties research [J]. Journal of Hydroelectric Engineering,
2000(4) :54-63. (in Chinese)
BHE B TR S N T 2 AR SRk [T, M
T4a58],1999,19(4) :273-284.
Xie D Y. The past, present and future of the research on me-
chanical characteristics and application of loess [ J]. Chinese
Journal of Underground Space, 1999,19(4):273-284. (in Chi-
nese)
JARAE RIS AR, 3% iR B A TE A R0 (], 2
PN ER TR 2 2 41,2005, 31(4) : 116-119.
Zhou F X,Mi H Z,Hu Y N. Study of constitutive law for col-
lapsible deformation of loess [J]. Journal of Lanzhou Universi-
ty of Technology,2005,31(4):116-119. (in Chinese)
BRA MR 25 2%, ] TR R B P A A B A R [,
HA NS TR¥AR,2004,23(24) :4161-4165.
Shao S J,Li Y X, Zhou F F. Structural damage evolvement
properties of collapsible loess [ J]. Journal of Rock Mechanics
and Engineering,2004,23(24) :4161-4165. (in Chinese)
BRAMR . e B, TIE L A5 IR R M B R R S5 A M S O i 1
B [J7. K FI24R . 2006,37(11) . 1315-1322.
Shao SJ,Long J Y,Yu Q G. A constitutive model of collapsible
loess with structural parameter [J]. Journal of Hydraulic Engi-
neering,2006,37(11) :1315-1322. (in Chinese)
ko LKA R, FEE L T REER M LR [T o8 - TR
2 .1995,17(6) :80-88.
Zhang W,Zhang S M. Development of loess engineering prop-
erties research in China [J]. Journal of Geotechnical Engineer-
ing,1995,17(6) :80-88. (in Chinese)
AL S W AR S R et 34 Q) T I 5 0 1 B R S R R
[J]. 4+ J1%.2005,26(9) :1363-1368.
Zhang M H,Xie Y L.Liu B J. The curve properties of coeffi-
cient of loess collapsibility during humidifying (dehumidifying)
[J]. Rock and Soil Mechanics,2005,26(9) :1363-1368. (in Chi-
nese)
TR, o AR AT IR b B R R AR [T 0 vE A
2000(3) :4-5.
Wei X Y,Meng X Q. Shallow analysis collapsible loess humid-
ification deformation [J]. Shanxi Architecture,2000(3) ;4-5.
(in Chinese)
SRR gk A T S A A AEUIR 3 8 08 B 78 B T LB
JIFRYE [ A A0 J1 2 5 T AR 244, 2000, 19(6) . 785-788.
Guo M X, Zhang S H, Xing Y C. Collapse deformation and
pore pressure characteristics of unsaturated intact loess [ J].
Journal of Rock Mechanics and Engineering,2000,19(6) ;785-
788.
TR AL T B U B b R A S AR B R E AR ().
17 #E44, 2005,31(5) :50-51.
Zhang H P, Bao W X. First exploration of compression and
collapsibility deformation properties of loess during humidif-
ying and dehumidifying [J]. Shanxi Architecture, 2005, 31
(5):50-51. (in Chinese)

(F#4% 221 7))



