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Abstract: The research progress of loess dynamics, the train of their thoughts and the deficiency of the existing results are

summarized. Based on the relative requirements of quantification and theorization of loess dynamics, the frontier scientific

problems in researches on loess dynamics in the future are put forward. The results show that the reality of saturated-loess

liquefaction and unsaturated-loess seismic subsidence is not doubtful. For the existing researches, the dynamic triaxial test in

laboratory is the main approach to investigate loess dynamics. Based on the laboratory data, more attention is paid to influences

of three aspects, i.e., physical properties of loess, microstructural characteristics of soil, and types of dynamic loadings. Almost

all researches fail to consider the physical process and mechanical mechanism of dynamic behaviors of loess, and thus both the

quantification and the theorization are relatively weak. According to the review and analysis, it is believed that the future

frontier scientific problems in loess dynamics should include five aspects: quantitative description of loading effect caused by

ground motion on loess, dynamic responding mechanism of loess based on micro interaction of three phases of solid, water and

air, quantitative relationship between dynamic response of solid-phase and macro structure strength of loess, coupling influence

of earthquake and rainfall on dynamic responding of loess mass, and probability-based assessment of dynamic hazard risk of

loess mass.

Key words: loess dynamics; seismic subsidence; liquefaction; earthquake-induced landslide

5l
LA AU R D, ST T 1 R

jillf3

PRI H (145RIZA152 D

WEICHS, e R — Rk 1 AEHL R SR A A Wk B 2014 - 09 - 08

MR, SRR SR Z) ) 40k, 1K Co R EL

EE&TIE: P E R B 5T A R 5% 2% 30
(20131ESLZ01); HFK HREEIEEIH (512091860 Hilt& FHL



2120 a5 oE L OB ¥

2015 4F

gt SN R ENENY. 53 LA e
K H, FERIEAFTREE N =38 M. WA
R R F NS TR, 52K
(IPNEE ey DiI> W

20MEALT0EEA, BB AR S DiE oG, 24
Tl TiEZabE. Dy LRI, RIS
SEET-BORIN T Z P LR K E IR BORE, B2
TENIIA BRI S - AR, SRR
s BRI WAL HBRERE SO F AT TR 7%k M
FARZEE SR o I AR I SCHR, - o £ 80 g 2 i 2
WAk EEATT R I HERE .

L e S DR R AR SO K A, B AR OK
FAL U B R . A DU S KT A s A
“nlE OB RO AN T HERE DL SR RO 2
WA, FCEMXAE R TR, TSRS AR
AT AR o B S B A IR, RSk
BT 0 M LA LD 5 SR, A i AR
TERHZEZ Lol T 2 WP, # 1w
JL (X5 2 o 5 NI =) 5 NN LY/ 51 LR TR =
SR, b E R kX AR LA, #
LB AR, ERCR PE NIRRT ST U IR T
J 55 PG 08 34 b DR 5452 5 R RS 6 it e 1) S
Wiz —.

ARSI 3 b2 g e e i TR AR )
P, PR CARERE, AT AR L
FEAEIIANE S5 G AR L3 WU 1) B 4%
PR ZRMEIN R 525 18 ML A T BRI 7R, et
LB AW SN R 2 . BE A, SR
AR HERE S LB )27 T A LR TR YA 5
WFFUIAT 10 2 o

1 HIMNERAREEHARE
1.1 ELER. L. HEBRARSHIE
WAERRILER, 2 L3 AR I M AR B
T, SR I AR IR . 20 12 80 4F
R, SRR SRS T 1556 AEBk PR E 8 ZUKRE
1718 S 7.5 i SR A BL, R X R G il i,
F L YOI 1 m () PR IS, TRk
R HF AR, EEH. HAEREK L
B egs R R I T R, s gt
M T A A IR DI SRR T RN, R
e L RERE IO . RIS R A, 2R T
SRR IR NRE AR, S DB RS,
FMNER A T . AT2E BRI, 1995 K SR
WP BRI I R ad g, DL B Dt L e R

WUBIRIE . T 2% PRI H 4 ik B 36 -3 b b
it A28 A AU 1 72 0 ST IR, 7 /I S 8 L RE M
LB AE St rp (A7 A P

MO S LW ALIF I 4G T 20 1H 20 80 FEACH) 1] . 1982
4, Prakash 25UV 6] 5 [ b s AR L 3R ) —
WU, T B WAL 1) 8. Tshihara 2526 SR 95
RS 5 e TR Y 5.5 R 5 R ) i P B IS
AR W B RS LA T s 1k, AT
BLBEMHT. 1805272501 52 1920 457 HE R 8.5 2
A YRR B, £ Y B A R HL A
Seed" "V th H 12 2 1R HE W A 3 - DN 25 M RIR 5 1 1Ak
BT WAL B ST %, BT
2, DL BRI T2 iR, ST AN ) 525
EAF Y, MR IS S R IR RIS —FF,
B2 RIS 2012 4F 24 RAETF R I R )RR i
T AR S ARG, U I A I PR FLBRK
N K S LS ERA 8, S E W
e K72 5 I JE 465 A8 Jl AR TR R AR R 5 R AR iy 1
Z o 2013 45, HiRIRE—mEE 6.6 HES, 7ok
TP TAUIR B8 - 0 U 2 - 9 S LR i T AR e
fity SR A5

bR B N 5 A I K AR IR R . 0 T3
W, RRFFEEAGIS, . BRI = i
(FIRE ISR BAIE, VTR AT L RE S5 BN Al A5 XA
ekasE e se w5, 20134 & AR i H i iR B
— i EL 6.6 TR, LIRS B AR A 15 A B K
b g,
1.2 #HIzHhERRBHFREITIR

(1D BRI R

TR T 2 A AR, B R RIS
B )y 2 A P R S DRI A . ABIF S G S5 (1)
fikes 1, 3 LR34 £k WS B ER
R AT s B LTS MR SRR A TE R G R BET
WL R 5 1 E U BEAL AT T

I LR, R EER YIS R E
B sem A2 b IX ST AR DL A B = Sl it ol ik
filh, FREGE T 205 AR N ARE R, Wiy — 25 7R
B P g AR i S SEAT IR, Gevt o b Ak
Zein HFRB N5 M AR EO R B 1) 58 P e
B sRIRPAERL e aeaglPl gl s
RG] s e U Rl BRI T4, 4ok
LRSS AKE L. TR, W, WihshN
Tiv RIS BRI R . BRI it - Ao g A
B R, e L EBDIH S ERNTR. £
RIS BEAT WIS R SR, b 78 KB JEOIR 3 1R B



11

HISCH, 55, 38 A0t geat e S i gept ey in i 2121

W, ST FE LRSI LS R 4
A7 LRSI N ) AN Y A AL R I AL B L Bl ik
BT /A W o sy PN WP Y s AR VS (BT
VbR R A ST A WY S I A
PR V(. RFIT S REBAINOCR, Ishihara®!™, 122
ERE OIS LV DA U 0 W o R et i}
LR NS i = U N e N (P N et S N 1
AU XTSI R B AL AT T 8RR R
AL, IFRS EL ST AR SCEE R S I SR 2 T
bR R ZE 5

IO G BT T B B L RE BRI T o
AL GRS TR E S, A
S 21 2Ly RO R R 3 g R
XTI RN E B, HoRe R AR
AR B AR T Rk ik, TR AEA M 204 TR
RIS AN A TR e WA B AT 5w, AR
3 2 - AR R S TR B DG R I R e
Resg X o0 2 12 Fh Gk b 5 18 B 0 P R
LESE A DT TR AAA Y, T 22 RS SN Ay X e
SRy RIEARE R N B R AT ek, B
TEMBRN A E, BT ARG Ky R AT H
W% . b2 AR PR B R B SR AT L AR BOIL
AL, @ R R B R, JRAN
LRERA I i T A SLBR AN R 1 2 A RAR SRR
WA A7 R RSO I A b B g R,
GEvH AL 5 73 2 AN S 0 ) 22 IR B E NT 3 HRR R
LRI . A3 R AT SR e xR
Bt e e A e A FLBSURIARORL HE A1 LA IR IR B, AT
FUILBIKAT R AR LR Y S AR AR E 7
A S B S TR R BN AR R A

UEEER, BT YBILRR 5 ) AL SRR R T
JesE EALIBIY, MIRER — 4 T2k ILIT AT ST e
wo SELGER B LR VI R BIAN L5
SHSEFIAS TR E, 454 AR MR 1 AH DGR IR T J RE Pt
Feo HRAHN PG INA B IC T VE5E ST H  HdEH
[ SN EERR CRSP7R: L < L N w2y D i N = T AW o
FIARK R INERGE @ o 73 LAk R 1
AL ERUE, SIS IS, Rt s)
GENVEINES = 5 VRELPSE LI E S ROE T
TS WSS, RAL L ARDIRRRHE A BE R A A AL
FLBEL S AN R BRI, TR T B ) AL R
Beafi A T

(2) b ALmE TRt

PR T LB GE I R T 55—
JE I L L 250 S R T SR SE LA R 9

BIAHRAL IS T . 28 el el
772 5 Seed S V3 ik % 52 19204F T+ 5 8.5 M 75 A7 !
BRI O, UOh R f R BRI
it IshiharaZE T 57 19894F R IR IPEES 75 50 355 9 5.54 3tk
e o R S R R LS T N AE LR

B TAN IR N R R R S I 3 i 5
P AT AT, SR LB A A A B
o A2 Prakash VL 156 B b 3 LR b R
)RR, SO B LA R, s R
L AE VA ) S AR B AN FL B K T S kR s Puri?l,
Prakash®: P UG IR 4880 — HlF o S B b o oy s ik
FEP LA SPMEFRE fLE. WIGHFLBR L. 37
AR S 2y BN 2R3 22 DTk 481
MR R, R0 SO T = ik s A B BT
PRI AN LA P LEE, s A i 4%
s WIUG I 45 AR gy 30T 2045 R 25 DA B B AR AL R
FRAEFISE AR, X EE A R 3 - 500 i it 2
Sk, FL R =R g e AR T
A3 L3 AT B NGRS, 25 3 N B =3k
B0 RN VHEIFSE B WA T 52 i DT 25 R LR AR T
KA

(3) L MR BT

B HO R I A AR R R e, AU
B N WS U R B AN e, RIS
WP BN I 3 B SAF IRE o AH EE B L R RE B
WAL EE VD S0 130 22 AR R @ AT, A7 0% Lt
eI B SCERARR 22D . TN LR I
TIFAE S, N MR W T R SRS AR N AE P
AR AR . BT, TR R I AT Ak
ALY B, UL Q) 8 (AR A 1 DA R 7 3 >
WP DRI, B2 AR SRS ) 0 A

5K 3R 2T 192047 i Ji M 75 1 171 8 4E 3 VA M 7
WX (WG EAETT, V9 R 75 T 3 1 R B
RN, Wb RN HE ) 5 E S niER
N IRBYY, ok B L RE T I SRR o) g RE P T
WAL B SO TE 5 T . S A Ve 1 vk
RS 2% B LR R MR 0 SRR IE S Bl IR KT
IR RN 20 Ry B SR A BT DI A 4 S AL SR
P50 1 B R I AR A . Sassal™ 5L T30 7 1 B 4
PRI DL S ARG, P g A —AL & BT —
IR BT e R A LB . 22 B AR e it L Hb 2 A
BAE R # L MR S T 5 . E R AR
— P EAEH MK A E R L RE B E S, I
M 2R T n AR

5 LGRS C AR, AR



2122 a5 oE L OB ¥

2015 4F

Joag LRI SCHR, IR AR R LB 5
SRR I C AR N R IR Y 2oy - AN (E
AT 73 HT, 25 BB RR I SCA RIS o

2 HIHhFEEMREFER G

VR SR AR L, WP 3 L BB Y
Pho RREERREEREE . AR AR S5 20
AR U R AR ) 7 B AN AN K 3
THRFIRIG ARG KA ASK LU N ) 7304 A i)
PE AR TS, ANBEA IR L 2 2
Wk A B R RERHEREY, 8+ 2 Ak
VIRI-L 2R R SO LA S, BltsfEsh, Ceioh
—ANER G, W A

LA UL LB O B AR, BT 3)
R R RRREREIT, LT S R e
BURVE SRR G RN T 7 L, AR TR,
s B LRSS IRARERE L, sk BT s
Wi N7 P B R 5 22 LR K e A BT,
Uil ARSI MRS T FIREAT P AL, X
CIEESE S e P S PSE N S PR AR s pa L L
MR ZMEATCORI. BIRAE, ShB#mtgL, dnf
WEREDIN L% 55 L IR A R SRESEH
H SR TR B PR AR R, H AT SRt AR
KIERITTI o

TGS b s R RIWTT, R TR R
T i AL B A A [ AR OREHE 7)) LA iRy 7 3 L 7=
BEAIHLEE . S RAREA R MR L fE ARG AR
e TEASRLIRN LA 994 AR N ) s S AR O L
TIEAEAS G . A RN — 5l W) 2
EVRVWIES LR 2 S Al T E i P S I L i iY
LA FCSEAR TR, SRR PE ) R B R
bRy NIRRT ARGS AR A N ) AR PR S DR R
— R RERTIRAER,

CAMITAE, DRI kah ) e 5 )
FHURIRRERATTTT, 7T RER H i T & A s 1
WHTE L@ RIS R AR . AHREFTES Rox 3 +3)
TR RS AR B ORIBAE I 1 0T, sz
RN g WARANE SR 28 BAT i 5 ABIZ SRS AL By
B, BRACNUE RIS .

PCEBACIBEA T, T E ISR S = N
F=HRAR R, b Ry L S gk
P BIUGEN I 25AT frBE s EER FEAOOCR, I
I ASFIFLH BRHE SR . 5 i3 LA e 1
WALFREAT, B =Rk 1) RO RNAE XL A A%
JEATR, AR RIS AT ] T B A A s

(BRI ) BRI o B LR (AN
K, KIAMREh GIRIG O A A T RBOR A
HRB ARG S AT RE . BT L AR R R K il 6 it
WIRFERI AR, BT I ARG 2D IR RS
IETeN e S TR o o W et U T AR A T )
DD w0 I YL UR & et o P N S N S
T ANATARIA, SRR — R, AL
A BEAFAERI RTINS A 78 AR, sHAKE, W
AEIIBFTEN: B — R UL, RO RIS )=
[1]ib{riSrwa o

PRI AR, SRR A
73 MHAC NIRRT AN, LRGSR R AR R B
TSR, SR, AR H AT C AT
T3 LRI I SO U6 2% & 5 L IR S Ak
] JEL 5 5 R PR AR M R B I8 ) IS RO, SRR
o S RAKEIES BN Sk, X e] e K
AR P AR S RN A . HURR SRR &5
KT PRASIE T, DRASK ISR TS [f o

SRR AR A RS, Ak
TRTE BTN 2R AR S 2 AF 2 FEPE (K1 25745 &5
Ko RTREIREE, W oE Ry B BRI
TN CAREAR, - H ) RBOG ZAFI BRI LAZR5 25 18T
J FTZ R R R SR A R4 T2 00T, 7T RESEHRA
(1A AR

3 Bz NEMRBIBEEFEIE

T 285 AL 2 A RE A, X 3 180 ) 2o
RH SRR, SR T SRk NIRRT R, MY
A B L3 2 K K S T e . S LABE L
BIIEIICIRRART G R BeA, RGP0 e 5 A4
DI AR oK, K38 3 A S E AR AT e
BT AT SRl ] L A5 T .
3.1 EEHIA T H AN

WEB A R R AN O AL BB BN
BBV ). DRI HCTRTEPE,  Seedd Hi IR A5 ARG ER BY B
TR LB I ERT ARk 2 R S A B Ak 58
&, BENLETEUE TR . A, fER A
) R E Al BRI RE T, BEALAT B 52 5%
PE— B AE LA ETBRR) [7) R

BT B B e 7 X8 HARR £ BER A
JENT HOMBSY HEAT HEARNE R, W] B2 083))
TP M A ROEE . AR T Il o —
¥, Houlsby™. Jommi®*!, VaunatZPxi it 541
MBI RIS TG AT IS, RINRTE DRI



11

HISCH, 55, 38 A0t geat e S i gept ey in i 2123

RN ISR E A 7 2 Zhao S P 524 2
WHERA SRR L AE D I RIA S, St AR A £
IS N ) B

HARAMEEARR, AL I T e 5 BERIA Bl
B BN IN LR G RFAIL, 2 T2 b BT
SARPY. NN AR R S AR FURERUS R, 2
SEATEAE T AR IO B VR, AT
YU RE BN FE A REALIE R RE,  ATia FE fR) 24 - AAsh )
Wi 3 BRI TAR, A7 B L3 J 4 NI ) -
AR AR T
3.2 ETREIKSHUAERBIE L7 ML

[ KT ARS Y ST A R 2 220 0 R AR B 1 27
PEAS I B 230 o AR A IR R P 1R DX AT
FERRS EAIR T AORAAR TN, AR B T A
A SS Es ITo RTTSOVEL S SR 1 i
S RIS Sk, AT SR S A A A i
FIURE ORI DI RENS 7= A= IR T IR AR FR 3 VAN 3L A
S ERE, JLAUKS AR AR - 2L
Hreh (Ve RIS BRIk, AR T [ 7K UL E R AE
FUS LB )5 R T RE

[ KT AR ST AR 0T 28 8 g i 7 PR
YERAN S 2RI R AN A, JEIE S AR AT S AR
& IR I LRI — PR 3R K. BB
AR AR S o M 1 S A B8O %3, LA PR
(K345 52 A LUK R I AR S5 R 2R (R85 T R0 SR AR A
B3, 450 NS S  BR R, @ AKAH BRI
HHRER BRI R, I LAz B i
IV S Je L e B SBUEHT T BLAERY, A B 15=
B WL RSO R IR B
3.3 EHAEMHEMAMESHENBENEERR

KRRV LRI HORIAR, A A A [ A ORI T
AT IR G R, KPR T HC AL 31
b LA RE ARG, BBl ) W N ) L
LI AR U R AR AR, Sk
T AR S AR R B0 7 Wi 0 Jeg OB i . DA
wrEatE EE, KT AR ZAL, Elnf 2%
JEE L T T

MR ARG PRI A T =, JesE A A
JRHRHE e K SRR IR A RAE R . JX— i, %
Tebmsh wpiE R, N EATIE M. A, 5
PR LB W N IR, AR A TR A T A T
gL, TS ORI E OGRS W
LB 77 W T S BE PITAE o
3.4 MR SEMXE LKA NS I

RIRGM AT PRI, 24 TAREARE . st

HA KBRS 7 Gy, A b e TR PR T RE
MEERN T EOGE. Xk A HFTEE L X
WO BER ML TRY,  DURIE R IR 9
I JUKA, WO T RE.

FESCHTZ R R, S yma Ny FE T g
U I Y M 5 B R VB P AR, SRS ARAR )
BRI, AT LUR] 25 8 AR T3 AR kR
(KI5, AR ] REAS At 7 G- o W o P52 2 [A] ) 2
B, TR BB LA, JUHGERA TR
YIRS HFIRZS Z A1) 2 LB e B . [, R T
FALZ A E R, BB T A 5 AR 7 2
FAEMITT Tl o
3.5 HELRENHRERKREERIETN

HREAMKMBLIET R, (HE T3 1 ICERIR
BVEOT, — EEAR MR R XL ik 2 ROk
FAFIEE S0, W ARV S RS bt 2 o)
A2 BN SR L RN ) T3
AP ML o T 1) AR 35 2 22 AT A ) )
R, A B S T LA S T A

MBS 7 B EoRTE, R TATAT S A 1) 1)
AL, BUAE A AR Z AT AR R e L, (EAR R] 2
T 4 AR X — A Y ks, %
HEB B LB =AU, A . AT A I R
fRRAE AR FZ BT 2 b, B S ek )
Al e —AMIARL, BIEAELRE 85 L) )5 )
FEII AT L2V E R RN, 2500 SELE A s R AL
(IR ARG .

4 LSt

(D BN FTOQER = FAUZ A F, K
AR, WA, MRS D 110 1Ak
BNIPREPERBEATANEL, B L KRR B AR R
BATFERIER], XA AT R

(2) BLRER WAL, TR, e
B BRGSO H AT L8 ) Ut o
IR, WAEAK T EE45 TN oGy 1, Jodt
ST R B WA A B R 5 T S L e A )Y
ESERt AT IR

(3) FEMFER BT, W5 ISR TER
FEIRSEN, SRR S 03 BB RS ARG
RIEI R, 2 RSB AT IR B RS ) B ik, 5B
1N LRSS A R B 1 PN S A e PR B,
FEIE N AT U DO B A e M R R e PR A
R A SRR R T 10 o



2124 P U D =R S

2015 4F

(4) ARAKIT B Iy A R RN T LG IR AT 2
FlA RS SRR ST IR, BT K
ORI LB i SR 5 A S) g i
JCEMRERE R IC R MR PR 8 A4Sl i i
R RN S AR ) I W RV .

SE K-

[1] £, AR X J8, & ® 3 24M] dbat: Mg
Hik#E, 2003: 1 - 181. (WANG Lan-min, SHI Yu-cheng,
LIU Xu, et al.
Press, 2003: 1 - 181. (in Chinese))

2] F22R, AMVEN. 38t R Vb R 2 A i) R ).
HhRE TR TREHRZ), 2014, 34(4): 115 - 122. (WANG

Loess dynamics[M]. Beijing: Earthquake

Lan-min, SUN Jun-jie. Seismic safety issues in the process of

urban development in Loess Plateau[J]. Earthquake
Engineering and Engineering Dynamics, 2014, 34(4): 115 -
122. (in Chinese))

(31 kb, Boksc. st R S R[] AR AR,
1987, 9(# f1): 63 - 69. (ZHANG Zhen-zhong, DUAN
Ru-wen. Study on seismic subsidence and seismic hazards of
loess[J]. Northwest Seismological Journal, 1987, 9(S0): 63 -
69. (in Chinese))

[4] sKARh, SRADE, XUZLBC B0 b b O F RG] I 255
WEIT[I]. PHAbHbE 2R, 2005, 27(1): 36 - 41. (ZHANG
Zhen-zhong, = ZHANG  Dong-li, LIU  Hong-mei.
Comprehensive study on seismic subsidence of loess under
earthquake[J]. Northwest Seismological Journal, 2005, 27(1):
36 - 41. (in Chinese))

[5]1 2R, INVER, 1RFFE, & BROBIHE S Tt
IFEREE T A 0o S TREAAR, 2008, 27(5): 913
- 921. (WANG Lan-min, SUN Jun-jie, XU Shun-hua, et al.
Characteristics of seismic subsidence of loess site induced by
blasting ground motion[J]. Chinese Journal of Rock
Mechanics and Engineering, 2008, 27(5): 913 - 921. (in
Chinese))

[6] VEEZL. W@ FATE b 3 M RE AE F T AR S ma (LA Rk
[7]. PHdbHhEZEAR, 2007, 29(1): 96 - 98. (WANG Guo-lie.
Some opinions on effect of engineering under earthquake
action in site of collapsible loess[J]. Northwestern
Seismological Journal, 2007, 29(1): 96 - 98. (in Chinese))

[7] PRAKASH S, PURI V K. Liquefaction of loessial soils[C]//
Anon. Proc. The Third International Conference on Seismic
Microzonation, Seattle, Wash. (Vol. 1I). [s. 1.]: [s. n.], 1982:

1101 - 1107.

[8] ISHIHARA K, OKUSA S, OYAGI N, et al
Liquefaction-induced flow slide in the collapsible loess
deposit in soviet Tajik[J]. Soils and Foundations, 1990, 30(4):
73 - 89.

[9] FI%A%:, sRINIE. U b 5 I 2 b 2 A 3 ).
TRERNEE, 1990(6): 1 - 5. (BAI Ming-xue, ZHANG Su-min,
Liquefied mobile of Loess strata during High intensity
earthquake[J].
1990(6): 1 - 5. (in Chinese))

[10] SEED H B. Landslides during earthquake due to soil

Geotechnical Investigation & Surveying,

liquefaction[J]. Journal Soil Mechanics Foundations Division,
ASCE, 1968, 94(5): 1055 - 1122.

[11] fRFEH, RER, PVEN, 55 IREEEE 6.6 0k M AL H
WRRAE R A R AL, MU TRE2EHE, 2013, 35(3): 471
- 476. (XU Shun-hua, WU Zhi-jian, SUN Jun-jie, et al.
Study of the Characteristics and Inducing Mechanism of
Typical Earthquake Landslides of the Minxian-Zhangxian
Ms6.6 Earthquake[J]. China Earthquake Engineering Journal,
2013, 35(3): 471 - 476. (in Chinese))

[12] FhAEA, E2I, Jelefhs, 55 MR SRS ERFIX
SR SR E VR T ). A A e TR AR, 2011,
30(4): 752 - 760. (SUN Jun-jie, WANG Lan-min, LONG
Peng-wei, et al. An assessment method for regional
susceptibility of landslides under coupling condition of
earthquake and rainfall[J]. Chinese Journal of Rock and
Mechanics and Engineering, 2011, 30(4): 752 - 760. (in
Chinese))

[13] A5, RRE, SR, MREME T B Ma) R
T2V R 4 A 2 B3R, 1985, 43(3): 9 - 37. (LI Qi-yao,
CHENG Xian-yao, CAI Dong-yan. Dynamic characteristic of
loess under seismic load[J]. Journal of Xi'an Institute of
Metallurgical and Construction Engineering, 1985, 43(3): 9 -
37. (in Chinese))

(14] 7 o, K. SCERRFARTIID]. A TR, 1990,
12(5): 99 - 103. (HE Guang, ZHU Hong-bo. Study on loess
seismic subsidence[J]. Chinese Journal of Geotechnical
Engineering, 1990, 12(6): 99 - 103. (in Chinese))

[15] E22I, B T8RO i S o A B M i iR S AT
Y[, HbrE TS TREHRS), 2000, 20(1): 75 - 80. (WANG
Lan-min, YUAN Zhong-xia. Laboratory study of effect of dry
density on seismic settlement of compacted loess[J].
Earthquake Engineering And Engineering Vibration, 2000,
20(1): 75 - 80. (in Chinese))

[16] #RFEME, E22R. BAEMBAATRIRR SE U], vhdL



11

HISCH, 55, 38 A0t geat e S i gept ey in i 2125

HiZ 244, 2006, 28(2): 140 - 143. (XU Shun-hua, WANG
Lan-min. Study on initial judging criterions of loess seismic
subsidence[J]. Northwest Seismological Journal, 2006, 28(2):
140 - 143. (in Chinese))

(17] Bk B, 220, XIZ0E BT D) P 5 i e [ i
TN A 15 TR, 2003, 2203 1) 2): 2834 -
2839. (CHEN Yong-ming, WANG Lan-min, LIU Hong-mei.
Prediction method of seismic of subsidence of loose ground
with shear wave velocity[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(S2): 2834 - 2839. (in
Chinese))

(18] 2L, kb, MR o IR FE R TAD]. AR
KEEAR, 1993, 2(3): 85 - 94. (WANG Lan-min, ZHANG
Zhen-zhong. A method of estimating the quantity of seismic
subsidence in loess deposits during earthquakes[J]. Journal of
Natural Disasters, 1993, 2(3): 85 - 94. (in Chinese))

[19] ISHIHARA K, KOYAMACHI N, KASUDA K. Strength of a
cohesive soil in irregular loading[C]// Proc SWCEE, 1984: 7
- 14.

20] E22R, kikrh, £ W, 55 BEHLHE AT EAE N 5t
s PRI VAN, PEAEHLRE 23R, 1991, 13(3): 50 - 55.
(WANG Lan-min, ZHANG Zhen-zhong, WANG Jun, et al. A
test method of dynamic strength of loess under random
seismic loading[J]. Northwest Seismological Journal, 1991,
13(3): 50 - 55. (in Chinese))

211 £ g, ARk, EAR, % ARHEAEREH L
BRI FEAMBT[T]. A R4, 2011, 33(44 T 1):
102 - 106. (WANG Jun, SHI Yu-cheng, WANG Jie-min, et al.
Comparative analysis of characters of loess subsidence under
different seismic load[J]. Chinese Journal of Geotechnical
Engineering, 2011, 33(S1): 102 - 106. (in Chinese))

[22] XJelk, 5 S BEHLHLE ST BN 3 R R s R
BT[] A A )5S TREZAR, 2011, 30(9): 1924 - 1931.
(DENG Long-sheng, FAN Wen. Study of influencing factors
of loess seismic subsidence induced by stochastic seismic
load[J]. Chinese Journal of Rock Mechanics and Engineering,
2011, 30(9): 1924 - 1931. (in Chinese))

(23] VLERIL. RGP —21 thS 2 1
Lol T A TRE2EIR, 1996, 18(1): 95 - 97. (SHEN
Zhu-jiang. Structural mathematics model of soil. The central
problem of soil mechanics in 21th century[J]. Chinese
Journal of Geotechnical Engineering. 1996, 18(1): 95 - 97.
(in Chinese))

(24] w5 SR REH RG] PEREE A,

1980, 23(12): 1203 - 1208. (GAO Guo-rui. Microstructure of
loess in China[J]. Science in China: Series A, 1980, 23(12):
1203 - 1208. (in Chinese))

[25] E=R, X8 d, B R o LR TR S A
M1, & S5 TR R, 2007, 26035 1): 3025 - 3031.
(WANG Lan-min, DENG Jin, HUANG Yuan. Quantitative
analysis of microstructure of loess seismic subsidence[J].
Chinese Journal of Rock Mechanics and Engineering, 2007,
26(S1): 3025 - 3031. (in Chinese))

[26] 1R, SRS, H RS 3 B AR S R BFLT].
HETRE2AR, 2011, 33(F) 1): 7-12. (SHI Yu-cheng,
QIU Guo-rong. Constitutive relation of seismic subsidence of
loess based on microstructure[J]. Chinese Journal of
Geotechnical Engineering, 2011, 33(S1): 7 - 12. (in
Chinese))

[27] BRI, E5, 50 IR, 55 T RGN Qs 31
WA AABIT T[] a4 %5 TR, 2011, 300
1): 3185 - 3192. (GU Tian-feng, WANG Jia-ding, Guo Le, et
al. Study of Q; loess microstructure changes based on image
processing[J]. Chinese Journal of Rock Mechanics and
Engineering, 2011, 30(S1): 3185 - 3192. (in Chinese))

[28] EEZE, A ER, XOH. 5+ REREE RO 45 B3 Y )
A AT[I]. PEALHLRE 224, 2010, 32(1): 42 - 46. (QIU
Guo-rong, SHI Yu-cheng, LIU Hong-mei. Analysis on
microstructural variety in seismic subsidence of loess with
dynamic stress[J]. Northwestern Seismological Journal, 2010,
32(1): 42 - 46. (in Chinese))

[29] XB 3, AR, kgR. B B WRRIE SRR ).
5 TR, 2007, 29(4): 542 - 548. (DENG Jin, WANG
Lan-min, ZHANG Zhen-zhong. Microstructure
characteristics and seismic subsidence of loess[J]. Chinese
Journal of Geotechnical Engineering, 2007, 29(4): 542 - 548.
(in Chinese))

[30] SKAWN, T2, EEE, 55 AT ke i
FERE BT R[], PEAEHBRE AR, 2002, 24(3): 208
- 214. (ZHANG Dong-li, WANG Lan-min, WANG Yu-hua.
Application of FEM to prediction of seismic subsidence of
loess ground[J]. Northwestern Seismological Journal, 2002,
24(3): 208 - 214. (in Chinese))

B1] PVEDR, 1RFEE, TEI, 55 AR IR R N AR R
SR 2 B B ) E A )) S TIRRAER, 2012,
31(2): 382 - 391. (SUN Jun-jie, XU Shun-hua, WANG
Lan-min, et al. Critical influence parameters and magnitude

estimation of dynamic residual strain of unsaturated loess[J].



2126 a5 oE L OB ¥

2015 4F

Chinese Journal of Rock Mechanics and Engineering, 2012,
31(2): 382 - 391. (in Chinese))

[32] PVEDR, TR, AR, & TP LI st
S BB AL SRR D). TR D)%, 2012, 29(5): 53 - 60.
(SUN Jun-jie, WANG Lan-min, QIU Ren-dong, et al. A
mathematical estimation model for seismic subsidence of
loess based on

Engineering Mechanics, 2012, 29(5): 53 - 60. (in Chinese))

physical-mechanical ~mechanism[J].

[33]PURI V K. Liquefactzon behauzor and dynamic properties of

(Silty)  soils[D].
Missouri-Rolla, 1984.

[34] PRAKASH S, GUO T, KUMAR 8. Liquefaction of silts and

loessial Missouri:  University — of

silt-clay mixtures[C]// Anon Geotechnical Earthguake
Engineering and Soil Dynamics III. Londong: Elsevier, 1998:
337 - 348.

[35]WANG L M, ZHANG Z Z, LI Lan, et al. Laboratory study on
loess liquefaction[C]// Anon Proc Eleventh World
Conference on Earthquake Engineering (Vol. 3). Acapulco,
Mexico, London: Elsevier, 1996.

[36] HWANG H, WANG L M, YUAN Z X. Comparison in
liquefaction potential of Loess between Lanzhou, China and
Memphis, USA[C]// Anon Proc The O9th International
Conference on Soil Dynamics and Earthquake Engineering.
Noway, London: Elsevier, 1999.

B37] E2R, XL, & 2, A RS A LS R
Mk 56 B JT ], A b TR AR, 2000, 22(1): 89 - 94.
(WANG Lan-min, LIU Hong-mei, LI Lan, el at. Laboratory
study on the mechanism and behaviors of saturated loess
liquefaction[J]. Chinese Journal of Geotechnical Engineering,
2000, 22(1): 89 - 94. (in Chinese))

[38] A1k, TR T3S ke M- 3 e AL PPAN M.
Jbat: M ARAL, 1999. (SHI Zhao-ji, WANG Lan-min.
The dynamic characteristics of soil liquefaction potential
assessment[M].
Chinese))

[39] #oderk, RENI, 2R B SR AR -
WAL SR IR [T]. v B e R, 2004, 14(11): 3 -
7. (YANG Zhen-mao, ZHAO Cheng-gang, WANG Lan-min.

Beijing: Earthquake Press, 2003. (in

Comparison on liquefaction performance between loess and
sand-Soil liquefaction and prevention of seismic disaster[J].
China Safety Science Journal, 2004, 14(11): 3 - 7. (in
Chinese))

[40] RERLy, XIBCHE, o Kb, PANSE 1AL B 5 ik
BRI R BT IE[]. A L0057, 2002, 23(4): 395 - 399.

(SHE Yue-xin, LIU Han-long, GAO Yu-feng. Study on
liquefaction mechanism and pore water pressure mode of
saturated original loessf[J]. Rock and Soil Mechanics, 2002,
23(4): 395 - 399. (in Chinese))

[41]WANG LM, HEK M, SHI Y C, et al. Study on liquefaction
of saturated loess by in-situ explosion test[J]. Earthquake
Engineering and Engineering Vibration, 2002, 1(1): 50 - 56.

[42] gkderh. BRI AEHEFWIM]. b5t HREH AR, 1999,
(ZHANG Zhen-zhong. Earthquake induced hazards forecast
in loess area[M]. Beijing: Earthquake Press, 1999. (in
Chinese))

[43] XEME, & S TEIMER 8.5 JhREF R LA
TERARHERUR BHLELT]. K2, 2013, 28(3): 30 - 37.
(DENG Long-sheng, FAN Wen. Deformation breakage
characteristics and development mechanism of loess landslide
triggered by Haiyuan M8.5 earthquake in Ningxia[J]. Journal
of Catastrothology, 2013, 28(3): 30 - 37. (in Chinese))

[44] SASAA K. The mechanism starting liquefied landslides and
debris flows[C]// Proceeding of 4th International Symposium
Landslide. Toronto, 1984: 349 - 354.

[45] SASAA K. The mechanism of debris flows[C]// Proceeding
of 11th International Conference on Soil Mechanics and
Foundation Engineering. San Francisco, 1985: 1173 - 1176.

[46] WANG Lan-min. Analysis of loess seismic landslides under
irregular seismic loading[C]// Proceeding of the First
International Conference on Seismology and Earthquake
Engineering. Tehran, 1991(1): 511 - 518.

[47] EZ5H, ) B s i T SR LB —
BTN VUK AR (AARBEAR), 1999, 29(1): 79 -
82. (WANG Jia-ding, LIU Yue. A further study on the
mechanism of high-speed loess landslide in state of creeping
land sliding liquefaction[J]. Journal of Northwest University
(Natural Science Edition), 1999, 29(1): 79 - 82. (in Chinese))

[48] FREDLUND D G, RAHARDJO H. HEMfn+ Ji2#[M]. B4
R, SKAEW], . dbnt B Tk AR, 1997,
(FREDLUND D G RAHARDJO H. Soil mechanics for
unsaturated soils{M]. CHEN Zhong-yi, ZHANG Zai-ming,
trans. Beijing: China Architecture and Building Press, 1997.
(in Chinese))

[49] #E S BRI B 2 A TR ).
THE2EH, 2001, 23(1): 3 - 13. (XIE Ding-yi. Exploration of
some new tendencies in research of loess soil mechanics[J].
Chinese Journal of Geotechnical Engineering, 2001, 23(1): 3
- 13. (in Chinese))



55 11 3] HISCH, 55, 38 A0t geat e S i gept ey in i 2127

[50] PhERVL. BRI AR I BT). J15% 552 R, 1998, Workshop. Trento, 2000.
20(6): 1 - 6. (SHEN Zhu-jiang. Foundamental problems in [54] VAUNAT J, ROMERO E, JOMMI C. An elastoplastic
the modern soil mechanics[J]. Mechanics and Practices, 1998, hydro-Mechanical model for unsaturated soils[C]/
20(6): 1 - 6. (in Chinese)) Experimental Evidence and Theoretical Approaches in
[51] #MNZEA, HICHE, H7Ee, 55 MRS e T ha) Unsaturated Soils, Proc. of an International Workshop.
FIUTREVEN TR IR 7). 5 1912, 2013, 34(8): 2158 - Trento, 2000.
2165, 2173. (SUN Jun-jie, TIAN Wen-tong, XU Shun-hua, et [55] ZHAO C G, LIU Y. Work and energy and the principle of
al. Application of probability analysis method to quantitative generalized effective stress for unsaturated soils[J].
evaluation of dynamic settlements of natural loess field[J]. International Journal for Numerical and Analytical Methods
Rock and Mechanics, 2013, 34(8): 2158 - 2165, 2173. (in In Geomechanics, 2010, 34(6): 920 - 936.
Chinese)) [56] VLERIT. ARMAN+ ) A SEH AR R D], 4+ TR R,
[52] HOULSBY G T. The work input to an unsaturated granular 2006, 28(2): 256 - 259. (SHEN Zhu-jiang. Exploitation of
material[J]. Géotechnique, 1997, 47(1): 193 - 196. practical use of unsaturated soil mechanics[J]. Chinese
[53] JOMMI C. Remark on the constitutive modeling of Journal of Geotechnical Engineering, 2006, 28(2): 256 - 259.
unsaturated soil[C]// Experimental Evidence and Theoretical (in Chinese))

Approaches in Unsaturated Soils. Proc of an International

A E&55|

B2 ERURRER R IR A
B3 BRI A R A
Bra  MEAEBUKAK B EARS 2w
At 1 BHEITTE SR IR A
Jadi 2 VLRI RHS I B AAT B2 ]



