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SYNOPSI S:  Thi s  paper  r epor t s t he act i vi t i es of  T C1 3  dur i ng t he t er m ( 1989- 1994) .

PU RPO SE O F T C 13

I n r ecent  year s,  t he mechani cs  of  gr anul ar  mat er i al s has been devel oped 

ext ensi vel y t hr ough t heor et i cal ,  comput at i onal  and exper i ment al  

st udi es,  and i t  has been f ound t hat  t he mechani cs  of  gr anul ar  mat er i al s 

i s essent i al l y i mpor t ant  not  onl y  t o t heor et i cal  r esear ches i n soi l  

mechani cs  but  al so t o pr act i cal  ones on  t he geomechani cal  pr obl ems,  

such as t he l i quef act i on p h e n o me n a  or  t he debr i s f l ows.  Unl i ke 

cl assi cal  cont i nuum t heor i es,  t heor i es f or  gr anul ar  mat er i al s have t o t ake 

i nt o ac c ount  t he di scr et e char act er  of  mat er i al s,  and s uch 

mi cr omechani cal  backgr ound has been emphas i z ed i n t he st udi es of  

gr anul ar  mat er i al s bot h i n t heor i es and comput er  si mul at i ons.

Th e  Techni cal  Commi t t ee  on Mec hani c s  of  Gr anul ar  Mat er i al s was  

est abl i shed i n 1985 as t he 13t h Techni cal  Commi t t ee  ( TC13)  of  

I SSMF E and has cont i nued f or  t he l ast  t wo t er ms ( 1985- 1994) .  Th e  

ai m of  t hi s commi t t ee i s t o pr omot e t he above- ment i oned st udi es on t he 

mechani cs  of  gr anul ar  mat er i al s and t o publ i sh a st at e- of - t he- ar t  r epor t  

on t he mechani c s  t hr ough t he di scussi ons bet ween me mb e r s  of  t he 

commi t t ee.

O RGA N I Z A T I O N  O F T C 13

The pr esent  member s  of  TC1 3  ar e 22 r esear cher s f r om 16 count r i es as 

s hown bel ow.

Pr of .  L.  Rot henbur g

Dr .  P.  Schar l e 

Pr of .  J. A.  Suär ez

Dr .  C.  Th o mt o n

Pr of .  I. Var doul aki s 

Pr of .  E.  Yanagi s awa

Canada

Hungar y

Ar gent i na

U K

Gr eece

Japan

I t  was  a gr eat  r egr et  t hat  a me mb e r  Pr of essor  Mous t  Jacobsen,  Aabor g 

Uni ver si t y,  Denmar k ,  passed a wa y  i n No v e mb e r  1992.

T C1 3  i s suppor t ed by  t he Japanese Soci et y of  Soi l  Mec hani c s  and 

Foundat i on Engi neer i ng ( J SSMFE) ,  and t o assi st  t he act i vi t i es of  

TC13 ,  t he Japanese Wor k i ng  Commi t t ee on Mec hani c s  of  Gr anul ar  

Mat er i al s ( J WC)  has been set  up i n J SSMFE.  Th e  member s  of  J WC  ar e 

l i st ed bel ow:

Chai r man:

Secr et ar y:

Pr of .  M.  Sat ake 

Pr of .  Y.  Ki shi no 

Pr of .  N.  Ab e  

Pr of .  K.  Hashi guchi  

Pr of .  H.  Has hi mot o 

Dr .  K.  I washi t a 

Pr of .  R.  Ki t amur a 

Pr of .  H.  Mat s uok a 

Pr of .  S.  Mi ur a 

Pr of .  N.  Mor ot o

Pr of .  T.  

Dr .  K.  

Pr of .  M.  

Pr of .  F.  

Dr .  T.  

Pr of .  T.  

Pr of .  Y.  

Pr of .  I. 

Pr of .  E.  

Dr .  T.

Nakai

Ni shi

Od a

Ok a

Shi omi

Ta mur a

Tobi t a

Towhat a

Yanagi s awa

Nar use

Chai r man:  Pr of .  M.  Sat ake Japan

Co- chai r man:  Pr of .  H. B.  Poor ooshasb Canada

Secr et ar y:  Pr of .  Y. Ki shi no Japan

Dr .  U. M.  Ar sl an Ge r ma n y

Pr of  Ch. S.  Chang  US A

Dr .  J.  Feda Cz ec h Republ i c

Pr of .  J.  Ghaboussi  US A

Pr of .  J.  De  Jaeger  Bel gi um

Pr of .  P.  Lade US A

Dr .  J.  Lani er  Fr ance

Pr of .  H.  Mat s uok a Japan

Pr of .  F.  Mo l e n k a mp  Net her l ands

Pr of .  E.  Pasqual i ni  I t al y

Dr .  A. V.  Pi nt o Por t ugal

Pr of .  C. S.  Pi nt o Br azi l

Pr of .  T.  Ra mamur t hy  I ndi a

PU BL I CA T I O N  O F T EC H N I C A L  REPO RT S

T C1 3  publ i shed a st at e- of - t he- ar t  r epor t  ent i t l ed " Mec hani c s  of  

Gr anul ar  Mat er i al s"  at  t he t i me of  XI I  I CSMFE,  Ri o de Janei r o,  i n 

1989.  Th e  cont ent s of  t he r epor t  i s as f ol l ows:

1.  Fundament al s of  mechani cs of  gr anul ar  mat er i al s

1. 1 Fundament al  quant i t i es

1. 2 Si gni f i cance of  ani sot r opi c f abr i cs

1. 3 Measur ement  - appl i cat i on of  st cr eol ogy-

1. 4 Concept  of  ef f ect i ve st ress

1. 5 Spat i al l y mobi l i zed pl ane ( SMP)  wi t h appl i cat i ons

1. 6 St at e quant i t i es

1. 7 St ochast i c pr ocesses
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2. Quasi-static behavior of granular materials
2. 1 El ast opl ast i c model s

2. 2 El ast o- vi scopl ast i c model s

2. 3 Model s  f or  cycl i c l oadi ng

2. 4 Theor y of  t wo- phase mi xt ur e

2. 5 Sl i p- l i ne anal ysi s

2. 6 Si mul at i ons of  quasi - st at i c behavi or

3.  Fl ow behavi or  of  gTanul ar  mat er i al s

3. 1 Anal ysi s of  gr anul ar  f l ows

3. 2 Rapi d gr anul ar  f l ows - ki net i c t heor et i cal  appr oach-

3. 3 Si mul at i on of  r api d gr anul ar  f l ows

4.  Appl i cat i ons t o engi neer i ng pr obl ems

4. 1 I nt r oduct i on

4. 2 Appl i cat i ons t o st at i c pr obl ems

4. 3 Appl i cat i ons t o dynami c pr obl ems

Th e  cont ent s of  t hi s r epor t  cl ear l y s h o w t he pr esent  syst em of  t heor i es 

i n mec hani c s  of  gr anul ar  mat er i al s.  Th e  seven cont r i but i ons f r om 

me mb e r s  of  T C1 3  whi c h deal  wi t h suppl ement ar y or  per i pher al  t opi cs 

ar e al so i ncl uded i n t hi s r epor t .  Th e  r epor t  has been r ead by  r esear cher s 

and engi neer s of  ver y  wi de sci ent i f i c f i el ds.  Howev er ,  af t er  t he 

publ i cat i on of  t hi s st at e^of - t he- ar t s r epor t ,  t he dev el opment  bot h i n 

t heor i es and appl i cat i ons i n t he mechani cs  of  gr anul ar  mat er i al s has 

been ver y r api d.  Appr oaches,  such as t he bi f ur cat i on anal ysi s f or  shear  

bands,  wer e  newl y  at t empt ed and t he t echni ques of  c omput er  

si mul at i on ma d e  f ur t her  pr ogr ess.  So  t he demands  f or  publ i cat i on of  a 

suppl ement ar y  v ol ume f or  t he pr evi ous r epor t  had wi del y  ar i sen.  Thus  

t he publ i cat i on of  t he suppl ement ar y  v o l ume whi c h cover s t he n e w 

f i el ds of  t he mechani cs  as wel l  as s o me  ot her  i mpor t ant  f i el ds mi ssed i n 

t he pr evi ous r epor t  was  i nt ended as t he mos t  i mpor t ant  wo r k  of  TC1 3  

i n t hi s t er m. .

Thi s  Techni cal  Repor t ,  t he suppl ement ar y v ol ume f or  t he pr evi ous one,  

was  publ i shed and ci r cul at ed at  t he XI I I I CSMFE,  Ne w Del hi ,  i n 1994.  

Th e  cont ent s of  t he r epor t  ar e s hown as f ol l ows:

Di scr et e- mechani cal  f or mul at i on of  gr anul ar  mat er i al s (M.Satake) 
I nt er - par t i cl e cont act  pr oper t i es and el ast i c modul i  f or  sand (C.S. 

Chang)
Ext ensi on of  spat i al l y mobi l i zed pl ane ( SMP)  t o f r i ct i onal  and co ­

hesi ve mat er i al s (H.Matsuoka and D.A.Sun)
Pr edi ct i on of  pl ane st r ai n r esponses (T.Ramamurthy)
Def or mat i on char act er i st i cs of  sand dur i ng r ot at i on of  pr i nci pal  

st r ess axes (E.Yanagisawa and T.Sugano)
On  t he st abi l i t y of  undr ai ned def or mat i on of  wat er - sat ur at ed sand 

(I. Vardoulakis)
I nst abi l i t y of  vi scopl ast i c const i t ut i ve model  f or  cl ay (F.Oka)
C V R  and shear  band t hi ckness det er mi ned f r om di r ect  shear  t est  

(J.De Jaeger)
Non- i nvasi ve st udi es of  par t i cl e aggr egat i on by  magnet i c  r eso­

nance i magi ng (M.Nakagawa etal)

Copi es  of  t hi s Techni cal  Repor t  ar e avai l abl e f r om J SSMF E  as wel l  as 

t he pr evi ous r epor t .

T h e  Meet i ngs  of  T CI 3 we r e  hel d f or  t hr ee t i mes  dur i ng t hi s 

t er m.  Th e  f i st  Meet i ng was  hel d at  Fl or ence ( Pal azzo dei  Congr essi ;, 

I t al y,  i n Ma y  29t h 1991,  at  t he t i me of  X  E CS MF E,  t he second at  

Bi r mi ngham ( Ast on Uni ver si t y) ,  Engl and,  i n Jul y 11t h 1993,  at  t he 

t i me of  t he 2nd  I nt er nat i onal  Conf er enc e on Mi c r omec hani c s  of  

Gr anul ar  Me d i a  ( Powder s  &  Gr ai ns 93)  and t he t hi r d at  Ne w Del hi  

( As hok  Hot el ) ,  I ndi a,  i n Januar y  7t h 1994.  Th e  agenda of  t he 

commi t t ee meet i ngs i ncl ude gener al  di scussi ons on t he act i vi t i es of  t he 

commi t t ee and s ome  pr esent at i ons on t he r ecent  and i mpor t ant  t opi cs i n 

t he mechani cs  of  gr anul ar  mat er i al s.

Th e  subj ect s pr esent ed at  t he commi t t ee meet i ngs ar e as f ol l ows:

TECHNI CAL  COMMI TTEE MEETI NGS

I n T C  Meet i ng at  Fl or ence;

Cont r i but i on of  cr ushi ng t o def or mat i on of  gr anul ar  mat er i al s (T. 
Dietrich)

A  c omput er  si mul at ed exper i ment  of  st r ai n l ocal i zat i on i n gr anul ar  

assembl i es (Y.Kishino)

I n T C Meet i ng at  Bi r mi ngham;

Ext ensi on of  spat i al l y mobi l i zed pl ane ( SMP)  t o f r i ct i onal  and c o ­

hesi ve mat er i al s (H.Matsuoka)
Exper i ment al  st udy of  di spl acement  and r ot at i on of  gr ai ns i n a 2 D 

gr anul ar  medi a (J.Laniir)
Exper i ment al  r esear ch on ar chi ng i n gr anul ar  soi l s (E.Pasqualini) 
On  t he st abi l i t y of  undr ai ned def or mat i on of  wat er  sat ur at ed sand 

(I.Vardoulakis)
Non- i nvasi ve st udi es of  par t i cl e aggr egat i on by  magnet i c  r eso­

nance i magi ng (MJJakagawa)

I n T C  Meet i ng at  Ne w Del hi ;

Gr adi ent  depend const i t ut i ve model s  (F.Oka)
Pr edi ct i on of  pl ane st r ai n r esponses (T.Ramamurthy) 
Di scr et e- mechani cs of  gr anul ar  mat er i al s (M.Satake)

CO N T I N U A T I O N  O F T H E CO M M I T T EE

Accor di ng t o t he l aw deci ded at  t he counci l  meet i ng i n Ri o de Janei r o 

t hat  t he s ame  t echni cal  commi t t ee can not  be ext ended over  t wo  t er ms 

( ei ght  year s) ,  J S S MF E  wi l l  not  cont i nue t o suppor t  T C1 3  f or  t he next  

t er m. However ,  r egar di ng t he i mpor t ance of  t he mechani cs  of  gr anul ar  

mat er i al s,  whi c h i s devel opi ng i ncr easi ngl y and has ma n y  n e w r esear ch 

subj ect s. t he mos t  me mb e r s  of  T C1 3  do  wi sh t o cont i nue t he commi t t ee 

i n a possi bl e f or m.  Thi s  mat t er  wa s  di scussed i n t he c ommi t t ee 

meet i ngs at  Bi r mi ngham and Ne w Del hi ,  and me mb e r s  f r om Canada 

and U S A  pr oposed t o pr omot e t he cont i nuat i on of  t he c ommi t t ee t o 

t hei r  nat i onal  soci et i es.
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