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RN AR A BURY, &8 NG I
B, Chang A Kuhn!® 8 IF#I BB ERED

EHBOENSTYE LR (RSN B
BESNS ORERNHA 3 M A X
BATEREE - NS HYRA, BRI S
E%E s ANSERNEE SHEN R (7
TS RAEUNSSPENS. UREER
KT B HBEHERALEBTRRES % A%
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HrHmER AR EENGBEELEGS
R ER BERE/HITEE) BEEE
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AR FR, T B S SR
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FUBRR R B, B Varadarajan 35 480 %4 Ranjit
Sagar KHIRIESM B GEREBES) #ir k=
Sk, &R RYHEM B SR 28K,
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AR REBBMEFBRERERRE L/R MW
Yang & U9 S FATES I (parallel-bond) 38 Al &
SRR T R IR, SRR

AR ERESHE MR T - BHELRE, FE
FoH L/R& /B, BE RS RE R K. Potyondy 1
Cundall’®t S H paralleb-bond BRI BT T4 A
IR B IR BEBERY (L/R = 22, 44, 88, 176) #
SHBHIREBEMR (L/R = 10,65, 20.78, 31.08,
41.44). LHREERE, THSB PR RS
B OABBASHYSBEAGHTL MAEZE
EEh, SN B R ok, KT BRA
RPs o BRETEE b HW

BANFKA PPC IR T EE M B R
PIRSTRN R, BT s LB SRS RE.
KERBEROE R R BEAE, BEKERE
L/R 4514 10, 20, 30, 40, 50, BRIEHARE N

MPa, BIFE R 0.4 MPa, BRI EIEERE N 1.0, 4L
BRE KN 042, Ruax/Buin = 2.0. ERRY, BHE
B (01 ~oq) WA R HINM R EZ LM HE,
Hob oy BREIRIRNN, o REENE 7 FR

T T T d

o A b 25

0.07 0.03 0.02 0.01 0.1
& L1t g !
= &
— L.OF
- 0.9F
gl | I,
0.7 ==t

L 1 1
0 10 20 30 10 50 60

AFIEICREHAE L/ R
7 ERENERH BRI AN DR N

T RN T AR B AR R RSB
Wi RRRCE R EREN L/ R IS TR,
% L/R > 50, BEBTEYH STLEHEH

Hik oD A 3D BB, W L/R KT EEM,
EBEREEL WAMTRANSREED

LfRuay > 10, E—HlE S5 BT BES T ERH
— SRR, BEE P, BN TRERITRM
EAETRRR B R
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2011 % 41 4

HFEH N 10 AN SRR 2 O
I, 1R 2 S AR A0 £ M R R, T LA SR B Y IR
HUREZHE R BHRARK I FEABRARE
LRETFHEHMALEH, BREFERBTRHE
WA MR ORGSR RS, MR
B, HAKES W TREENERRES, WL
MU A A 85l [ B n(contact unit normal vector) 5
TR, AL B R A AT D
a fB (—180° ~ 180%), B fi (0°~90°) BE S i —
BasE, WREE, o AR 5 ANEEGHEE R
FOROR R RO & H. MIXAN R ET DL R A
L% LR NE, BT BER R K, L/ R KR 8]
SR B

6 FRANSHEREEIHEIHEK

PR FURE TN ENEBEREESHR
BAEEHREEHFBEHEERMLRRAR
ERE VLA k. B AW 20 Bk e B AR
BB BB FSE R &M

6.1 BT HCIE A4 i L B

1960 £, Roscoe # 117 /& F ¢ 28 o U R R
B X sy HRBHREERERTRLE
EHPEWERNUPHTREERLE Es &
KHEENRTESH L EREN N ZEH—KY
NEMBWESREENENRE. Khas
B AR, MRRE R Snn, BLEHE R
AR nRUIRRRSAE, WXkE Ny R
PRI THOBAONESENET L. R
KAEMBMERS LNTEERERAGTI, X
BRI BB EPED RS T RN HK
R, RIS B W BT iy m. Ek
ELHFERE TP RBEERE N EXTEN
F3 75 E AR Mohr-Coulomb B EH A, HWE
T 45°+yp/2, W T 45%+0/2, WHIRRE P
TEEWKITHERARS, o My SHED L
FIRREEANNEKA —BTTE, WEHTEEN
R BEE, I 1g g5 ROEEOR LR R
SCETRBR T ERE. BIMT R I ETHR AR
Casagrande % B DR B P L WG AFERE (critical
density) W ERBEAGER T HARELHE
FRA&, FUBRBH Cam-Clay SRR EHW Cam-
Clay AR L AR R BATH 5 L EBEHEK
RER, SBEFENRRARE 2.

B8 T RBEERE YRR RENRE
B g 17

EAEYERR, Roscoe BHIHRIEH W BT
KB AW EN S ERE EHRGgRIEEMBPHE

BHERE AN RS GEBESTER L
FEHI B BN Roscoe B ET. EFIHH, &1
FHPIRARZERETH  INRER TEMBE
R, BAR G R, LS
BHmFERNRR MR, SIrrion T %
WRETKESIAFUERIRFR, Fdoni
R JF R CLNN BB R ARE R LR
TR R, ERENEELERE

6.2 XH I

FBUFAE 1% (photoelasticity) LR R F
FREGRBE N FNEN MRS
% EHEARERSRAN AN RNNE
HEE (PR IR R RBBEREE) SR
HRBERE T REAS T, SHERENRITH,
B EARE LT £4E, WETH A
RSN ERREN TRN 2.

B BRGS0 A T RO BRI R
AR AR, 1057 5, Dantu®® Al Wakabay-
ashi® BRI LB EAR, WEEH M B F K
A MR, WEEEN AR,
HAREAFREEKEN EE TR BE &
SHRERTFERBIN RBETNITHER
BFH. De Josselin de Jong I Verruijt % B4 AIfE

BREMLEERLLBY, CBHERBR M
FI R /ANFUH B 2K, Drescher 1 De Josselin de
Jong®® B G E, GE B TEL T, K
SER AR B R B RA R T hE
WRATHRE BN HNEKE FAERYE
ROFTRATT RGNS ERERRY, A
PSP I IR BRI - s KW A e A Ay
DARLEFERRERY. XEFHLHN H R
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MES. SEFER, Oda % B MM ZERREH BNNER LR, SEALREOBAH LY

AR BTIL T A RORLA B R IR o A 4l
HIRRAL, AR A B e s kb A R
BEFORIATRL, BEAR T B RIS WA BT
REAE R IR K % J8 IR T R o F M R 4,

RlCHRNEDT R F BN S B, FARETR
7V R 52 B BR .

AEHHERREEEMAE RS R,
Drescher® H! Allersmas®® ¥ BB B/E 463
YEBIREEE. AR Allersmas BT Drescher
LR A, B s R S 0T I YRR, [
WEBAME NS AL E HEHuE
Z AR BUTORLATBL A BB 3 4 RS RIRL R 42 76 3.
IS ERE LR TR R AL
B, BURBE BT 8E BB B,
LUHR BB MR A BB 2l BA%
BT HESHAZBTUEPR NN AEERE
PEATETFE RPTSRREHERE M

60 ecm

hisramomrrnsnasiisen Bl Eiiemsassossomnreile

(a) BAREA

HRERMDEEN BABRRBH THELERAY
SHERE BHE-MARBRERRKBRY
B, BT DLR I ROkt BB SEUBORIR B, JE VR o X
WRTRAE N BT,

ME g FrR, AEMBEENRTY 60 cmx
60 cm x 7 em, 50 ARG HRRHE £R7R
WEPEERS WEARENEE £RBT
B dEEA S, 8 XEA N FHNELE
LR EIWERNE ERR, 29 5kPa. BRM
BEMBSA R 2~3 mm FBFBA, %A
EHEFE, RPHE x B w5 cnxT em, HERA
K 60°, MBROCAMDERTRABREE S, |’
ANBEAERE, A 2 om/min, ZYBELTHEHT
BASGEPEAHRER, BB EREG K
REOREE. AWE o BoREMBELRILHEE T
PLER, B AES SLWE BB HED,
MEELEEFUINKBEEEREABEHED
ik

(b) S Fr

B 9 BUkH R OGS BB

Fe s VR SR R MR, RO BN
RS RN BEAEREURE oK
BRETUREREBANERAEBAERSF PFC
{particle flow code)®50. S5 8IH S IR B4 A,
20 B4 50 AR, F 2 Deltt KELZEHE De
Josselin de Jong B i s 5 38 PE 500 3R 30 3R
BEMBBEERET DSFR BLE (double shearing free
rotation). ZEBPMKAN L. NEGIHKE
(P BE) BESENFRAR, BET Mo
Coulomb BEBERIIRHER, (UEM T 48, Ri
HEMEHABERIT Y RS ZAREET

BEGSEEMENBUEHEENE. 58S
PEOEBIREE, DSFR BRIRIELR . JEREK
B THRNSRERNSHEAREA5HEEEN
HEHNERBSHRENRR, HBH P
B

BE o0 R, BHEREMRBEERGER.
ANEEEENNERARFEALEBSRE
RE, AERREREFRSHTEWY Shukie
Damanial®ll Fl Baxter®? %3] 5 @ 8 B A,
HE R ARG TR AR E N H#T4S
AN EESINEFEE BRI N
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i ® 2000 ER 4 B

H&LRE LR, EORH AR T R ER
MR L R, R THILNER R
B, FAE IR AL B DB LN BN, B TR
BRARORED, SRS ENETEHZH
R 1.

% B AR KB H Behringer HE AR THH
H BN e, BB R R KA
(G% HESTERTRrYNS, B8 T AR
BHEH R TERKEM NN ESENE
A& O I BRRMER BB RN T
R RNBN AR ABSY, BWEFRLRM
HAERMERNETHETHRE T EZNEA

B 2007 R, BEKFANARNLARTRTM
Ak B S e 165001 I 1o SRR AR M K
e Ay S R H TST-100 BB B e itn i
BRI S EROERAL. R, BB N &L
FEERREE, KEHEEERBX RN A
SERIHE Goodfellow 22HEFHBE R 3 mm K
R PSS A ERERSH K 6 mm, 8 mm 10
mm FIEE (LE 1), 8RR H RS 2400 1
kL, AR S T ERNEA KK B PS
KA EE p= 1050 kgm™ S, MEHE £~23
GPa, AR v = 035, AR RS K =35 8D
BB R, = 0.41740.053.

I
i)
B 10 EAREDTFTERASNHELE (G?) HEAEE
MBEHES (i, 4} WA REE K FID HPB¥H 13”[‘{;- 1225102 f*—0.74 f*+11.49 f-0.73( D= 1.0 em)
. 9.76x10% f*-2.38 .-'-"' 21.96 f=5.90( D= 0.8 cm )+
Kﬁ&}g% 100p G0 =0.20 f7-4.36 f*+33.68 /—11.27(D ||.r_i-'n.+|

2 L — . O 2
1VI\‘_IJ12$£((I;w1.j ;L-ﬁ-l,}) +(I}“3 ----- 1 5 Iz.}—e—f) e
(Iﬁ----l‘j+l = iﬁ-1‘j—-1)2+_
2v/2

(_[.é ..... 1,51 _Ii+1,j"§“1)2 (6)
2V2

HEHRABNTREOEEN N, a0k
(G2 R

1 -, ?*ﬂ b .
(%) =% 2.2 VL[ ()

B JOORL 5 A T BB I, B ER AL
HINCS I, Wi R A QGBS BT LR
B (G?) RIEK SKRTIIR Y, RS A
A K/DBGTFIME £ R (G2 B — BRI
R, W 11 PR (GF) BIORRE T ERIER K
BUIMIR, BURELK, R W (7)) B, Bk
Bb, KRENS (G5 B RERER RN
BRSO SE ID, BRR BB KK
ARG HSER, HREFEERME BTl
i A E OB B BRE A

D=0.6 cm+

1N
Bl 1L 3MBRBEN (G°) RvrhEshy f
L& dyag oo

BATR T E R AR (R
3 E HLE 12)058 w B E B SY  E 800 mm. 5
600 mm. FEE 3.5 mm FIPHERBEEEMR, AFISEE K
257200 3 MR MR B S Wb s
RN K B0 mmx 150 mm MR BT ETH
BRLEE R 6, FOB i B B, Rt
MR EEYR Snn BEERNRFEA,
PR AR BB NTIIEE 0841 B AT 0.848.
FERRD, BRREAREARLEFBEHKE,
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o
80 mm
4 mm l—
——t—
1 - |
~ O i _
|
| 800 mm ___l

B 12 E M ERER O
TRHTERETH 1300 MEAR (B 2 9RRBRA

HLHY BB 4 R 0 R PR K
R+ BB Ve ARE AR, B
RAERAAN), A NS HERN 2
1%k, AW DANBRZ BT REXR H
RONE S SN HEAERRRER R
TR, (B R, B BB R R A

6.3 EHTRIFR

H 20 4 70 FRES, B F L0
RFEBHETRAERE XFERBHTHENE
HERBEANSA LR REANARE, M Xray
CT HA--HARSSEEZNA, BB
JFRR BN, Xray CT R BB B A S
By AR RS HRILEENTRB. Xray CT £
— B EE AR, G E
R SR LORAULH, W HGUERRE
WBEBRAT ek LER, CT HEHE R BN
WHEGEHEF. Bt PHESHEPAREHE
Wb, cT BEEBREE vl smER R
HAE R ABA TR EA. Desrves § 7 FIH
Xeray CT HARUHART =EP LEZ HEF
A BWALKIER, B 13 BRTHEY cT A58
W EEBR SRR AR DL IREEEN
B

ARty BMERPEFNABEORE E2PFE

EHRRE (un) BR-ZEFHBANARSEH
BERABE. Oda % % BRTHLERHY
ARG, B TRENRY XEEY
X-ray CT LR RLESIN. HE FEED
ik, ANEENEEEESRIIREERESRE

B B BEILWNTHBHARBELRY RS
FRR, BRAIF RGP ET CT BRI ER

SR R A RO R o B e A BRI
RBAE, AEMBILBEPRE T AN NS

(b} == 15% SABTHIHE A
Bl 13 SEEE O HUy T

BRI EE NASA &R ASHE
F A TR R R I HE BT R (W 20 &
70 FERBBAE), MATEN B E S TFER MR =
IR TS, W 14 FUR. ERES%
BT, B EFRE SRR, 58%0 EER
MPAERE XFERENIFLRAEE LR
BEHMER. BB ERSUKERNE
BN ZEE LR TFIHR DB, SRR
BB B AR R, - SR e LR e
FHAHBEOREPRER BFEREINERE
BEAEF 3R

ITTOM

B4 MEMIMETIRESBNEAREESS (Y

hitp://civil.colorado.edu/ ~batiste/overview html)

T BENERHER

B THEAEERNHME R ZER TR



364 s ¥ # B Ml EB 4 &
WE2 - BrEmEREEEERAERE L ENEWL gt R ELTEERE AMERE

S HGM AN ES, FRABENSFERH
B8 B A IO T R 1 B S AR A
BHARZANMELEN RERANEEMHME
EWBERLFEERNEGR.

B 20 A 20 SEARDLK, SR BB WY
TS TR R, KPP E (Terzaghi) #9
HRN OB URBRNA, EhEEAN
B S A B SR, AU — THAR UL ¥ F
HERREEN T ENHRAER, BRT KR
SERR R, BB SRS R R BB MR
—I KW, LS ERAR A a
— 7, FEVNES RSN R EN &
HREROGEEBTIN, B0, 5 LER
BN LXK AN, BRI R LR A
AR ERAR 1R T KR, i B
MR E MBI LR M FEERL %
WEERBAE IS S B R
BTHEETHEX 85 - SEENTES B
HANYBERE N LR AR R RBETH
>, Fln, M E SN Archimedes FE R ER L 1%
B Terzaghi BN T EBEREFEL BB, Skemp-
ton FLEE R B S BRE AL, URFER
$ K E B Skempton FLEREE.

7.1 BERRE SRR

Gl B REESEN REIR AR,
BER AU FTEREE BT BRBREE
BOAHEL RERUAETEEBRTERTEER
RIYER. {BRIEM Terzsag 7 1920 EWRAL L
BB AR B AN U “Coulomb 3
ARREMEERBENTO LEREMENA
B —-Hg WiIREAERERE —EHRERY

S5384E, Coulomb FIM AR TR HBR S
B RREHN, BAESEHATIEEFRR
# Coulomb B FHME RN, A SR Eayat
FIRERS 7. BT EHBHUALEENER T R
A ER LGN E R, BRASEN, B
HXNLEEBRM AR FERERGRE, RE
BREIFEES LEAUSHP TN R HER
AIEW N2

SIBF A% Bolton BB NREEB I TREN
B 775 (clastic mechanics), 148 B0 4 - Bk o
B HE R4 0, BB B LinEN
WA BETRRER MR ER

I AR PSS B BRI R B
FNRTRRNGHE S, RN RRRENE
S, AR R RN G, RN IEL
MR s R BT R R AR £ RO A
BINE R BHBR . § R, NmgiR
B2 45 AL BB O SE BB DU B R

B AR BHEURANRRIARRANE
ST W A B R AR TR A R 9T R
hEEERNES FANARESLEA TN

RS BRET RIS TE LERYE
BRAERRBAIE 8 DEFRENTRE
i, R EEN. BE. B, BRSO
FER TR T H R

B P (homogenization)
FIALEE ARG BN B, BR T XELAS
RS G R B % ) B AEAR TR BURII B Bt T
B, BRI SR ) S0 Bk TR
&, EEARRHRB PR, ERHEEE
B, TRAER R R RN AN E R
BAR HEEELMER IR, BREN
SRR R RS T P BN R IR R
FEATA.

EJLTER, I HKFR DR R, &
BIBEUEREARFNBGRET —LRH L
EAEBEES LR AR E R B
B T SRR IEB RN AR
N PREEHFAEBRS T NEEANEER
TREE, REXETHREERE 30 Fis0AR
AL 8 20 el 70 FLUR, EAFR K
EREMCEMEONRD, FRARINAZTH
R E TR, R RE LR R
HRGMAA AR IR IR RE
WEABY. HBRYROELIH LK, B
KWk BEEBRARNOZERBULZE 1%,
RANTRAT BAARBR Y B A 2
By 2 B8,

FERERR, 1904 FEER R %5 TR
4 (International Society for Soil Mechanics and
Geotechnical Engineering, ISSMGE) #0 T B# £
B A5 R B4 (Committee on the Mechanics
of Granular Materials, TCI3), 2000 #8377 M #
MECEMGE L HECRBERY (Committee on



£ 3 H

LS B L RBRYEE- AR N ETRER 365

Geo-mechanics from Micro to Macro, TC35, B K
TC108), RUGRER T HEHME EHATVHR S
o KRR SR, 0RO RE 7R % R 2R E bR G
MR R AN EREARTIHEAH AHE
TR wHEEE . BKBORE. SRER
BRI ER R U G, HEn
SRR TR AR R A ) A i B
F, MR R R R R . B LML HLE, B
BUBPRL R B B R A DL K SRR AR BRI
WA 2010 10 B, B L EESE DEARE

BRBFd 2 (International Symposium on Geomechan-

KB, ZeWdBERFLISREETTIEDSE
(ISSMGE)TC35 Z&F & (B4 TC105 T &) M
BrARIBES T HERELTRESSKE T
B £ SR T R A . W TR
FEME S TENEHER 3 M EE g5
B IR A B RFAERT AR R R E
BPHEAT T WAL BN
EYBRENTERATERERRBSK, @
BOCKE AN AR CT AR X ER
FRBSURGHRARREERSE, RITBATHU
FERMBNE 10 am FE T HOABR U REGM, B
A NERHRARTURAZ BUARE LE
MITHRNETASEMUEHERRRXT. R
F10] DL B ST SO B B T L B B
MBEMET MBS HARBEEEH XA, X
MEE T TR AR R AR HORIESE
BHBHE N RIOTWE DS RAS LR 8k
A M, NI EFM TS
SERHE RS NEREBOBAE, BAX
B MR BT T B KR AL XA
RITHETEE RS T FRM B EE. B
A ML, DU R B R RO BT - AL
RMEEN. GENBESEMEE S8 BHER
TEEE LI RENBER/HBRE PR ER
W st % EFEDEHFRL 5
HARBE B RNBNSE M IE

7.2 BEAHFRNHE

HLAYE. LEEEEYELEEHER
FERI N, BE LR XOYTH. BFE
WA . WM BMRMY, U ERELES
EANMBETERB L ERREAE, LT EMR
REMBZEM, WREFLNERMARE L%

{critical state soil mechanics, CSSM) HESL R 4L H
A ADBERR G B SR SUafM 72781 T

TR ERR, FAARE CSSM BRERE LT
REATRNALN T, Bl FHA G MR
SEW AN BERAGTEXNHNE LAEES
TR 3R, LA EEE M E R R
BRI, RAWANESBEGENERSEA
RN e, SRR UEELAMBTE.
AIFERER T HITET RBETHE T
FACAB R (1) EMBaARAmEL, 8%
g 20 MRLEHSYE o) NTPRELRERERR
i RHNBEHEREY WPE--BHE R
B L R R RIS LR BB R
WS, HREEDPHSEEGGRZHANDER
X, B R . W, R R
G RAHOE, XS PRI R EE, KB
BAEBHIFA R A WAL B A S BAK R
B PR CORER TR SRR A
M, RAERBRE S E L —RFSRT B8
EXFENAMNE AN NE DANBRERES
b R a0 A R o S P Y O R R
S ARMBY. B, EEMEX L FRWNFT
SRS NEE, B E SR T R A,
HERHEE “XELE ihanEme?
BB EBED, AMTASRERE
BRI ERERREN - NERR. NEE
e, L ERANCERE THRAME, HFEM
OB, I Rowe T 1062 238 I T BURIM RO
BiAkER 7 R EHARE THEEHNNE,
BELMHBHEERE. B TER Ek Af]
KHBEE T A {discrete element method, DEM) i
BRI, B ABR &N EEEME
AN BRI £ g W
BEBEENEER, Skempton™ OB E LR R E
5 PR O R T HEVFER R BR,

X8 A1 M DEM I S BIR, X T A4
BETHNBEHATEREE N Fik, DEM
B DR BB R T B A )
HAA.

X RO Pk, R B TEREE LR
RS OTELE, R EE RN
AR E B HES ST R RE RS -



366 7 # yi3 )4 001 I 4 &
3 B EGEAT BT AL DU T LB — RFV R, SEHREGE MEEERE KEER SHU

N A BRI R T v, S SR 40 B B
BRI . BN AR . AR . AR
A5 . ZEHE Pk DLR IR TR RY . SR ERAL. . R 9
- ZH)FE. IR IX AT LB B AR B 4
WAL RIBRIRNER, BBANGY
FEFFRES . B F . WM ETRAZ BT, WLl
H4 A EE — A KA R, T BE
L5 S B TR A I S
EPEBENAM L, DETREEHERL . N
W, B, SRR RS S

ARG R A A BURX — 4 R R i B A
AR R T, 1BL 0 E M gk AW
A B ¥ AT B B, 0 B T R o B A R R B
e R A FE AR R AR N R R I
SRR TR « AR R AV RN R AT
¥, WEREHLAMCRY SR SRE. BRE
BB ESS, FERBERE N
e MR, R BEASE M A TTRE S I, B A
R B 4 W 45 R R FD J1d AR, SO R R Y R
B A T s A O A LT T R AR IR
b S A R ATV, UL R E O B . A R
RIBC¥ R, T K B IE R4 4 A 3R TR
B EE BRER GOMU AR, B h¥
¥y B ARG R LA WA, DR T RLE G A
BB, AMESEMABRRE . Bk
fh . BB R AR, DUR BB S S EMT K

FILERA, MREHBE ., BB, HNES,
Rk Bl SRR S5 e AT S MR E
WEERER, HECIKRRZNMTFRAREL
B,

DEM B8 #WEANENERREERS
AT AR HEE TR, Riln, MEE RS DEM
FEEHBEAR LR R%LB RHEEX
Y R R DA R gt B A Y A R A mT LA

WINPT, AMIE SRR KEREANT
E-- HEATHEBREAROS . HTEBE RN
B AR R (MRS MEE), BRIl is
HIE S A MR R R R 2%, X S SefR A
PR SRR EACNEERACER
B XEBHAREERHERNE, GHEEH
MY EE N, XREEN AN EE
g,

PRGN TR E R R, EITHIX M
MR, S ERART AN BEAER R
FRARERE BORRT i, FERFHUEN
FARDERHGEE RUFANANETER
50 W B 9L B B AR R B, A LT
R LA HRE Ry RN AN TESY
ME, Bl TEN AR RRNBEEE X
IR AERG L SR, FRBBRY RS
BRI R, AT REMSR, SN
5, BTN TR TRELARE, BRPEREEM
R, A EATSRNYERY SEES
ANATE s o B A B R A S i B, X
REHWAE - S REHITT B

8§ SEIEZEENB/NNLITFE

By R UM A EAEHB S E R
KBOR THEASETRROLBREENIZR S
A, MBEBHRCIWENE R, HESTEN
HRBERG MR EHEEhHE BAR AR
L, B EEEANEIEMPTFRE, HirM
RTEIHER ARRARLFRE B
WS RS B R T RN R RN
NHNE BREASNHESTNGERNBGEEY
BN U N E SR i P

XEF 4 GE BTN A L (BRE R A
TR, BB R R AN EEESZ R

B, EANEB TN EBRENEZN B
DREBHLBREERRE B EEAESFREH
SRR AL B ) B, R B R ORGSR R
FIRAE S, 8 € B SHRZ LA RBR B b B
YERRJUAT &4 T, $ Bl EABTUH E BU &
RALE, MBI E R, MR TH IR
FEAE A NAME REYEEEERE
R EGERBAE REs B RN ANARE, ®
1 B B0 SR BT B KB BRI KR 5 B KR,

PSR L R B R A R B e L
TR, BRYRTRNEEUL T AN
HHi 5.

8.1 BRHEMNEEHBRLRSRERR
By HRAEYE LS R R E BT
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R BRERYRE AR EURER 367

HEVHTOESSHEERERN KRN
FEE R SR HR R TR, RR AR THEREAT
BUG Z—HESBEMER ¥ R8O
AL A RNECHESHRALE BA8HK
AR AR, PRI AR B B AR
A F MM L AR R e, HEEER
hBR A BRBRESED LAERE X
DRSO E AN TR YR RN E -
Ji A AR

NZAN, REABOUEFREZE (20 #
4 50~80 R4, MEAFE LR RARFAE
Bkt R R BR R B A AT TR D BOR A Ry S sk
B, eMsk SATHERMRIAR A%

AL AR ST B AR R R A e g, SOk
HIEFAER TEXREELREHRE ETL
s, RITEE BTS2 SR, BT R
ERE SRR OB LRER, STBRA
NETAWYESRELRT R, KR ANE
2 B B R RO\ IR B R ) 5 DA 40 0 B o A A
TR, I R ) o R R R AT SRS

8.2 T REHUR B T A B AR NS

BB, S 8 R - i O WG K
f, STHESR, BETHLETRSLBEDL,
FPHAR B S AR AR A
K, TIX S48 P H B Rl 24 72

TR B TR B SR 1 B R IR B R AT
T — MBS RE, R 0B A, RN
AN I AT BB, BB I Ar B9
EHBERRII RS AR, LEH
B PRC I T ik 45

At == min {JmfRm, /T7R ) (8)

AN, m BRI ORI MR, ben
A 5 HR SR SE BN R BRI, RE
(10 B RIASE X, W LR

ktr&n o fﬁ'.u:in){}

kr()t. X { Rmin)z

\/m/kt-mr? = \/4}{ (Rmin):i/:;kt'”m o6 {ffmin);v? (g)

\/m = \/Qm (ngn)z/%m =
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ADVANCES IN THE MICRO-MACRO MECHANICS OF
GRANULAR SOIL MATERIALS™

SUN Qicheng’!  CHENG Xiaohmi®  JI Shunying®  JIN Feng'

! State Key Laboratory for Hydroscience and Engineering, Tsinghua University, Beijing, 100084, China
? Civil Engincering Department, Tsinghua University, Beijing, 160084, China
4 Seate Key Laboratory of Structural Analysis for Industrial BEquipment, Dalian University of Technology, Dalian 116023, China

Abstract A granular material is a conglomeration of discrete solid, macroscopie particles characterized by a
loss of energy whenever the particles interact. Granular materials are omnipresent in nature, industrial practice
and daily life, with size spanning from 1 um to a few meters. The mechanical properties have long been studied.
In recent two decades, many laboratory scale tests have been conducted and novel phenomena were observed,
Both theoretical studies, such ss granular matter statistical mechanics, granular solid hydrodynamies, and
measurement techniques, such as X-ray CT, photoelastics, have witnessed great breakthrough. The revealed
physical mechanism prompt ones to examine the assumptions, concepts, models and theories that previously
proposed and being used. In this review paper, major fundamental problems are presented introduced and
discussed, including the characteristics of microscale structure, procedure of micro-macro study with Bowe
gtress dilatancy relation as an example, derivation of stresg and strain from microscale stracture, the relation
of macroscale strength with particle friction, size effect and similarity. In addition, granular scil as a typical
granular material, its new developments are summarized. The frequently used techniques are introduced as well.
Finally, we present a few aspects in which research should be reinforced, such as examining the assumptions in
the discrete element method and checking the computing details, conducting the ideal physical and pumerical
experiments; by lving on the fast development of high performance computing, carryving on high scientific
confidence degree large scale computation of granular materials with high scientific confidence degree; with the
help of fast development of high performence computers. The mechanics of granular materials is still at its
mfancy stage, and there is a long way to directly solve the engineering problems. Essential developrment of
related engineering technologies depends certainly on progress or break-through in the of fundamental studies

of granular material mechanics.

Keywords granular matier, mualtiple scales, soil mechanics, natural hazards
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