538 B 12 W R | 2 Vol.38 No.12
2017 412 H Rock and Soil Mechanics Dec. 2017

DOI: 10.16285/j.rsm.2017.12.012

)

A1z

A R T IR GRS S F R

iUU 1’27 'g.}i ZA‘R] 27 lUﬁ]J

(1. PHBE TR A F TR, BRIG 7h4%¢ 710048; 2. Vel TR BRVGA T 2% 5 TREE TSN, Bvh 764 710048)

R

O R AAARIRE LR, DI P R IO ER 2 A T IR R PR TR B M BERE AR SR 3
TR GRIE . BT ERR R RIAG SR (ER RO, A, RV 2. 22 N B M EUIR S FE A B R TR AN
IR IC PRGBGSR . TR e RS R . TR NI RLLL . PR Witk
FRELKIHE I Sl NS BRIEZAh, 35 5 R RRI A M XA 6. IR, MG E45ie, THSEA B R R
& T AR, D TR S SR BRI IR, A T XX D BN e R ) B LR E
THSRIRERRR I I e B, IR VG % 55— i 3 b AT SIS R B R 5 as FTA R 30 A S SO AR IR e
fRIxrEe, #120 %ﬁTﬂu@ﬁ I, 2806 o8 X0 LU 1 5 5 DN K VB b S v SR AR A T Bk

x B8 iH: s SSRPE WBRERRR: EEUE: 2B A
EPE&}?@%: TU 43 SCERIGIRE: A XEHRS: 1000—7598 (2017) 12—3484—07

Influence of physical properties on the initial structure of loess
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Abstract: Loess is a soil with a special structure. Currently the studies of influence factors on loess structure are mostly qualitative
analysis using single factor. Structural index reflects the initial structure of loess. To study the influence of the physical parameters on
the initial structure, firstly, unconfined compressive strength tests are conducted on the undisturbed and remolded loess samples with
different water content taken from Xi’an and Lanzhou. Next, the corresponding structural indexes of loess are obtained. The analysis
shows that the value of structural index decreases with the increasing of water content, dry density, minimum density ratio, plasticity
index and liquidity index. In addition, it is also related with the geological period and geographical distribution of loess. Secondly,
according to the above conclusions, a comprehensive physical index is constructed by the fundamental physical indexes. The
relationship between the structure and the comprehensive physical index is further analyzed. The empirical formulas are obtained
which can directly calculate structure index quantitatively by the comprehensive physical index considering the distinction between
the geographical zonation and geological periods. Finally, by the comparisons of the structure indexes obtained by test for another
loess field in Xi’an and the structure indexes calculated by the empirical formulas herein, their rationality and applicability are
verified. These formulas provide a simple and easy method for quantitative calculation of the structural index by physical indexes to
measure in the future.
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M 4 aT DA MRS KRR T, Ui
BRib) )i e A1 DN T NSRS R 3527 TNl
W P2 5 7K S R T/ o ARG 22 M 3
A Qi L2 —Fh-bFE, X% Qe t 1 /LK
Bl BOR Quurh 2 b Quuih | T 2w,
HILH AR S KR R Qo 3k 1 1k
B, BRI RE S T EEIR R AR A)  L i A b
PORARAM . AEAF R A, R [F—)T
AN S B e AR R N [ A 95 T 5
SRIPEIASF], R, FECEMN Qo it 2 (T
L5 R P (R 9% R ANAE DG 22 35 A P2 B T2 FEE PR AR 1
2 Lo ATLGHEN, M. VG2 B A R T R
IR, IFL TPy ihez b, HAEARN A
IKFTREGL Q3 2 My sl XA, FER]—T# L



512 3 ISR PO B b IR A PR (K125 2 S W o 3487

T L R B T R, T
B N W T TR AR T R b
AP E R, B, 222 FA S KN
Walk, X5 24K ISR A S AT

FE A ML L AT R, 0L 5 50 2 W 4
REATFLIAFLE, TR R Z B M AE ALK .
PR AR, B R R s AL T e
RO, MORRTEETE p o dab N T LR
IR g o py 15 P 109 FUAFL A2 3 L) B
M, BRI N EELL, P S S T TR
INETEI R, N ITBAR R LR 5
/N E LU e A T R 5 AL,
0 LR TR R PR ASOR KAL), RS R T

100 1 BIRE
sy 2% 05% A10% X15%
NF 5 PEHCE 5189, 020% +25% =28%
8o v ®2% mS% A10% X15%
20k TR X 18% 020% +25% —28%
= 60}
g
2 S0f .
= 401
30 n
20F 4
10 X
0 % *

072 073 074 075 076 077 0.78 0.79
pd/psm

B 5 HESE/NEREERXR
Fig.5 Relationships between structure and the
minimum density ratio

3.2.3 W BRSNS F FE R 5

B L RORLRE A LIRS R 2, SR
60%~70%, — AT KT 0.25 mm KRR . Bk
Fish, $EEAIE SR IR, BB
o, ATCARBH &S Aok, For Al I ekiss
(PR, (EANRI A AEE T, b -0k A] LU
R RIEE R, L, & i gk S i 2 0 g
Ha RN S E Tk L, RSk
AR T RIS B P AR L, R
W T AR K K BE Sy o ToRLERG, BRI A R,
W PR 7K PRI e 0 R, AF S b L R BB PR R BR AN
SAVEFREOEC . Rk, 350 1, nT LA e s e 1
P Bk B B (0 22 D BB AN, T FR 2L 1
(RN ST AR AR B ZS . B 6 25 T 3%
TS LSRR, B 74T LMES L IHK
ALk,

100 - QT QT
——2% —— 2%
90 - 5% - 5%
— 2= 10% —a 10%
80 S 15% = 15%
70 b = 18% % 18%
—-—20% —o— 20%
= 60F B— ——25% —— 25%
S —28% — 28%
w50 F
=
= 40t
30 F
ol -\
10} “—
0 1 1 1
7 8 9 10 11 12 13 14

B 6 HESEMIERE L KRR

Fig.6 Relationships between structure and

plasticity index I,
120 1
T equitk
o\" 0Qs3t2
80 aAQ ¥t 1
xQHi 12
L 1 ! ! ! 1A %_'_X '
-3.0 25 -2.0 -15 -1.0 -05 UOAO 0.5 1.0 1.5

It

B 7 RSB L RR

Fig.7 Relationships between structure and liqgidity index 7;,

ME 6 al LUE s BRASBIRK = GFKE R 2%
55 20%I Qs B 1) Ab, FEALRZHE ARG T,
(] DU ST L (A BE BB 1, AR KT o), A
A5 KA N R Z FEAAT o AN I3
LR PERE I, MRS T AN AR 2 b 72 1]
TRURETN, Q MR 1, ARk b T
Q3 LM N7, (APIEREACTAT . SRR HN, P
B BT s B S KRIGHIIN, W B HTEEL .
BEAE R — DU IR B L, SLERMESREOROR, #
FEBN, RIS AR RPN S L, SR AR
Rk, T REKS LA TER R, b
R T AR R Bk B TR RO A Y [ e
WReo 117 W] 4 Pk o i M R BE ViR 2
Iy AR AL — 30 [ 0K, B L IR OB
R, RO B8 KEN TR, 1.<0
I, B A TR B A, AN I R
HAR R 2 0<I < 1 I, 3% LA T 9HIREs,
RN L AR E RN HARA AN 2 =1 I,
LA TRBIRGS, AN b R B d s LA AN
.



3488 b +

o 2017 4

3.2.4 ZREWIHE S LR R

R A i T A 2 - B 2 T R AR I 23 T A
Rl s IR EERE SR SR R
TR Kt/ INEE B LU 4 S RS Bt
(K388 AN B S AR ZSHR AR TR BE IR RN AR AT B
Zu b B AOR AAR, T 3 ML
(R LG H b S RS HR bR A e L1k
R B, ORI . W RRER AN,
Mgkt W RN, Nk, hgs
T ) BT B R RE IR AR R 2
EAROS R BEE WK A 5 R, OF - S LR By — 2L,
P BREA, FRVEIR R, BRERR L TR A
NEEFELEARSIFER UK IR B, 8 U NI ZRE)
Bl Z RO SRR R

Pa 2)
w Psat Psat P,
K ZHEGEEWIE: we wos In s Py~ P 7
A S KR IR, SRR R
TR WHIEL: p, WK
CREYIE Z P IEELE T 3 ML Y R 5
fibr, WEEYHLRETEbR. RIS, Cntik
() 3 MMALI DT FERS, FTLCK I HAY 6 ANtk
b, R, PR SR, ZWMA5R
Z:(W_Wp)pdGs :(w—wp) G! :(w—wp)Ser
p. (G, +e) (G,+e)l+e (S, +w)l+e
(3
e S Gov e 20N B LI RI B L RSUREAFD 2
JERFLILE
—RONR, EI ., SR LT BR U
SRPEA SR T AR AR T MIBR B Hs i e, PRI,
FE m, —E KT 1. 3R Q) AL
HENFE KR Fsa e Z, FHES Z 2k
AL LI 8.

6r o Qs 1

o Qt 2

A Qi1

x Q¥+t 2

— &MQs )
— &MQ )
— &MQ ¥t 2)

<o
oo
\y:—0.1x+2.0

X\
N y=—0.1x+15
ANG Y =-0.1x+0.7
. . L g y= O.x|+.
-25 -15 -5 5 15 25

LEWE Z

K8 WMEEZEGYEER ZKXA
Fig.8 Relationships between structure and comprehensive
physical index

MEFTLUEH, 2 Qs t. Qi thh==
M Qu i bkiit: In(my—1)5 ZHABH R HLRR,
HAFIGORAR . AR () LR FEA A B PAT
AR N-0.1. XTI EHL S RIAT e, By
B L MES Z BRI R

m, = Ae’” +1 (4

A my BRI PEFRRR: e hy FARIT BT R H
A R LA X L ORI AR S 1 R B
B=-01, HHE,

X (@) P LMRES S R R, HA
AR R . PRI S R 4. oSl
my, 5 e [ R L ILE 9.

100r  0Q;7t 1

90 BQ3¥it2 o
80
70 F
60 -

£ 50f
40+
30F
20
10+
0

B9 LW m, 5 e HIRFR

Fig.9 Relationships between m, and e?*

ML, AR, ARG AR L
MIREE my 5 % Z M HA RN R, HERX
XI5

V4% Qs it

m, =10.7¢" +1 (5)
P92 Qi fi:

m, =2.9¢"” +1 (6)
=N Qu Bt

m, =5.6e"” +1 (7

ZRA LA AT SN, s A B R bR 2
[AISCRE Yo A RN S B JTedR b
A%, T HASP BRI/ KR KR willok,
LB wp K, MIJEROR . 2 w>wy N, T3
JE py UK, RIEEUN o, UK, RIREOR, 7RI
o MR LI W pyv po I EATR 3 Ak
SERPTERRER S wy RIATVRSCHAR Y B AN 5K
HR IR SRR .

4 SRR
A I 5 A I 5 M s 55



312 FN A

PIBEPE SO 55 L YIRS KPR I R 5 s M 5T

3489

50 3 AR AT I FH T AH BV 3 OGS B TR IS S e 1 1
3, Rk 5 54k H 8 R BUE i AN )
GRELIRE, 732 A Qs Al QiK1 Frz
M Qi 3. Q4. Qa3 Qi l4, &
IMBORAR KT Bk 3 R R AR S R 1)

TEABR BT R R LIRS, R (1) SRAFAHRY (144 B2
my; [N &8 & T AR AT, s At
() A EA AN Z, BRI X R
AR (5) mal (6) M, Frigi
W 2.

#®2 ABEBATTT BRI RAE
Table 2 Test indexes and structures of loess in Yue Deng-ge
WELERR
e i WIUGSLIR EE R S T (Ll &S B 28R PR LW JE FRGE)E
e G, P,/ (g/em’) wo/ % wi/ % wy/ % I
Q13 1.379 2.71 1.139 23.8 30.4 18.5 11.9 7.09 8.17
Q¥+t 4 0.957 2.71 1.386 20.0 33.7 227 11.0 9.98 10.04
Q13 0.997 2.71 1.355 154 283 21.7 6.6 7.83 6.40
Q1 4 0.868 2.71 1.446 24.3 34.0 26.3 7.7 4.21 4.61

R 2RW], AERBEE LT LS
L5 TS FE LU AR, BEWIASSCAS (0 3 LA
FEFRbR SR bR 2 K8 Rt ik AR 6l
.

5 4w

(1) WEREE KA, THE, R NER. B
PEAREL. VRMESR R s AR E, L
SRl SN Y R = (DR NG (= GRS

(B LRIE RN IR PR FRAT AT,
5 P IR RN AR I AT X A 5% AR 4%
PER TR AR AL OO AN R 31
FOERSAEEAT, gt 2 st DO, A
Ut MR A R R BRI AN AN o

(3) Wi& T — LG WEE, D T LG el
HHMBERSCR, BAL T (I, 22D, 2
G (Qan Q) A ZRE W B R S M EE TR
PRIZE AR, LYK, ek ARG,
g I o

(4) Dy LUt o 3 5 5 I (g ) B R b s R v 4
M REGRAL T —Fh R AITE, BT A SRR
HIFEAA R, 05 LUE AN 3= 8 A DGR A5
XA REAT )2 IR .

2 % 3 MR

(11 P, HAER, BrEkk 55 Mg A
FERFFET). 55127, 2015, 36(8): 2209—2215.
LUO Ai-zhong, SHAO Sheng-jun, CHEN Chang-lu, et al.
A structural constitutive model for loess under the wetting
condition[J]. Rock and Soil Mechanics, 2015, 36(8):
2209—2215.

21 S8/, TR A. 3 bS5 R R IT BOR B K
JE[T]. KT HIZAR, 2004, 23(6): 66—69.

LUO Ya-sheng, ZHANG Ai-jun. Outcomes on structural
research of loess and its new advance[J]. Journal of
Hydroelectric Engineering, 2004, 23(6): 66— 69.

3] WEX, SF Bk iR KL E RS R TR

AR B TRE2AR, 1999, 21(6): 651—656.
XIE Ding-yi, QI Ji-lin. Soil structure characteristics and
new approach in research on its quantitative parameter[J].
Chinese Journal of Geotechnical Engineering, 1999,
21(6): 651—656.

[4] AR, K, R R g O E Al
SHITIL[T]. 55 TFEEAR, 2004, 26(4): 531—536
SHAO Sheng-jun, ZHOU Fei-fei, LONG Ji-yong.
Structural properties of loess and its quantitative

parameter[J]. Chinese Journal of Geotechnical
Engineering, 2004, 26(4): 531—536.

[51 B8N, Wi X, #2EMR, 55 S2ARN PR T 45

FMITEBED). A0 )15 5 TR, 2004, 23(24): 4248
—4251.
LUO Ya-sheng, XIE Ding-yi, SHAO Sheng-jun, et al.
Structural parameter of soil under complex stress
conditions[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(24): 4248 —4251.

[6] FRAFAL, wmalil, WHFFsR. 3 A TR M A S 4

PRI R R D). A4 285 TR, 2006, 25(7):
1352—1360.
CHEN Cun-li, GAO Peng, HU Zai-qiang. Moistening
deformation characteristic of loess and its relation to
structure[J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(7): 1352—1360.

(71 BRAFEAL, o, mls. SRR L g i SO 54K
FEMESCRIFIL[T). & 1%, 2006, 27(11): 1891—1896



3490 b +

71

2 2017 4F

(8]

(]

[10]

(11]

CHEN Cun-li, HU Zai-qiang, GAO Peng. Research on
relationship between structure and deformation property
of intact loess[J]. Rock and Soil Mechanics, 2006,
27(11): 1891—1896.

WRArAL, e, JREAN. =l RS N AR B SR 3
Fgikatt e B S A S TREER, 2006,
25(11): 2313—2319.

CHEN Cun-li, GAO Peng, TANG lJie. Structural
quantitative parameter of intact loess with different water
contents under triaxial stress condition[J]. Chinese
Journal of Rock Mechanics and Engineering, 2006,
25(11): 2313—2319.

RS AR, WHE SRR IMBAAT T IR T Sk e
EUSHAAATET]. PUREL T R4, 2000,
25(1): 72—75.

FENG Zhi-yan, XIE Ding-yi. Quantitative analysis of soil
structure variations in whole process under complex
loading conditions of intact loess[J]. Journal of Xi'an
University of Technology, 2009, 25(1): 72—75.

BRARAR, F3C, FIEWA, 5. B0 Efabs 230
Wi TR, A%, 2010, 31(1): 15—19, 38.

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, 38.
X, AR, PrEtk, 55 — A a5 RBERN ) AIEY
M A ICFIVE R M Es ST, A%, 2012, 33(8):

B 3483

[19]

[20]

[21]

Wl B, AN, AE S U s e BC
B RAT N RO T )], H A S TR R,
2015, 34(4): 713—1719.

PAN Yi-shan, LUO Hao,

Experimental study on gas permeability and charge

LI Zhong-hua, et al.

induction of gaseous coal rock under confining pressure
unloading[J]. Chinese Journal of Rock Mechanics and
Engineering, 2015, 34 (4): 713—719.

fLEES. MABHI ML SR PEBREARAR RS
HRRAL, 1999.

KONG Xiang-yan. Advanced mechanics of fluid flow[M].
Hefei: Press of University of Science and Technology of
China, 1999.

VL, @25p ek, TO6E, 45 & RUTE A RS & =4
Al iRB ik BN RN I]. 540 075 TR,
2010, 29(5): 907—914.

XU lJiang, PENG Shou-jian, YIN Guang-zhi, et al.

Development and application of triaxial servo-controlled

[12]

[13]

[14]

[22]

[23]

[24]

2310—2314.

DENG Guo-hua, SHAO Sheng-jun, CHEN Chang-lu, et

al. A structural parameter reflecting coupling action

between shear stress and spherical stress[J]. Rock and

Soil Mechanics, 2012, 33(8): 2310—2314.

BREAE, Wi S, A AR AR AR A
R[], K ORERER, 2005, 25(2): 36—39.

LUO Ya-sheng, XIE Ding-yi, LI Peng. Main influence

factors on structural property changes of unsaturated

loess[J]. Bulletin of Soil and Water Conservation, 2005,

25(2): 36—39.

AR, EONE:, FL%, &5 2 b M B RO SRR, %

B EZ MR AR []. L TREAR, 2014, 36(8):

1387—1393.

SHAO Sheng-jun, WANG Li-qin, TAO Hu, et al

Structural index of loess and its relation with granularity,

density and humidity[J]. Chinese Journal Geotechnical

Engineering, 2014, 36(8): 1387—1393.

EUTEE, HRAER. MRS P BLFEAR 2 18] A E F %

AR A0S TREEAR, 2015, 34061 2): 4380—

4386.

WANG Li-qin, SHAO Sheng-jun. Quantitative

relationship between the structural and physical indexes

of loess[J]. Chinese Journal of Rock Mechanics and
Engineering, 2015, 34(Supp.2): 4380—4386.

seepage equipment for thermo-fluid-solid coupling of
coal containing methane[J]. Chinese Journal of Rock
Mechanics and Engineering, 2010, 29(5): 907—914.
KA. & LT RAR TR AR R AL S35 14T R kT (D).
IRMN: LKA, 2013,

LIU Xing-guang. Study on the deformation and failure
characteristics and the permeation behavior of gas-
saturated coal[D]. Xuzhou: China University of Mining
and Technology, 2013.

2, FPO0E, B SE 224G R ITIB R
WHHTHRI[I]. 5712, 2016, 37(11): 3175—3183.
XIA Wei, FU Wen-xi, ZHAO Min, et al. Theoretical
the
combinational fractured-vuggy-porous geological media[J].
Rock and Soeil Mechanics, 2016, 37(11): 3175—3183.
ZHANG X M, ZHANG D M, LEO C J, et al. Damage

evolution and post-peak gas permeability of raw coal

analysis and experiment for seepage of a

under loading and unloading conditions[J]. Transport in
Porous Media, 2017, 117(3): 465—480.



