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Activity of the technical committee on the mechanics of granular materials -  T C 13 

Activité de la commission technique N°  13 sur la mécanique des matériaux granulaires

M .oda & K. I washita -  Department of Civil and Environmental Engineering, Saitama University, Japan

A B S T R A C T : T he techn ica l com m ittee  on  the  m echan ics o f  g ranu lar m aterials (called  T C -13) h as  b een  w o rk in g  since 1995 to 

p ro m o te  co -opera tion  and  ex change in fo rm ation  in the field  o f  m echan ics o f  g ranu lar m aterials. T he m ain  target is to encourage 

researches w h ich  can  be app lied  to the  fundam ental sub jects on  the particu la te  m echan ics such  as m icro -m echan ica l co nstitu tive  

m od elin g  o f  m ate ria ls  and ex p lanation  o f  m icro -m echan ism  o f  the  p rogressive  failure. W ith such  scope in m ind, TC -13 o rgan ized  the 

w orkshop  a t H am burg , and  is a lso  p lan n in g  to p u b lish  an in troduc tory  tex tb o o k  on the m echan ics o f  g ranu lar m aterials.

1 IN T R O D U C T IO N

T he m a in  ob jec tiv es o f  T C -13 to be accom plished  are; 1) to 

p ro m o te  co -o p era tio n  and  exchange o f  in fo rm ation  about 

m ech an ics o f  g ranu lar m ateria ls; 2 ) to encourage  researches on 

the  re levance  o f  the  particu la te  m echan ics as app lied  in 

co n stitu tiv e  m od elin g  and  stud ies o f  th e  p h en om ena o f  

p ro g ressive  fa ilu re  in g ranu lar m ateria ls w ith  em phasis on 

p rac tica l ap p lica tions; and  3) to  organ ize, i f  appropria te , a 

S pecia lty  C onference  on  the  R ecen t D evelopm en ts o f  

M ech an ics o f  G ran u la r m aterials.

To acco m p lish  th ese  ob jectives, th e  co m m ittee  w as 

o rgan ized  in 1994 by  the  fo llo w in g  m em bers:

Prof. M . O da (Japan)

Dr. K . Iw ash ita  (Japan)

Prof. M . Satake (Japan)

P rof. C. S. C hang  (U SA )

Prof. H. M atsu o k a  (Japan)

P rof. F. M olenkam p (N etherlands)

Prof. L. R o thenburg  (C anada)

Prof. C. T horn ton  (U K )

Prof. B. C am bou  (France)

Prof. Y ao-C hung C hen  (C hina)

Prof. E. D em bick i (Po land)

Eng. F. F ederico  (Italy)

Eng. M . H am oud i (Syria)

Mr. J. D e Jaeger (B elgium )

Prof. 1.1. K andaurov  (R ussia)

P rof. P.V. L ade (U SA )

Prof. J. L an ier (France)

P rof. S. N ordal (N orw ay)

Prof. T. R am am urthy  (India)

P rof. P. S charle  (H ungary)

Prof. J. S. S teenfe lt (D enm ark)

To support the  ac tiv ity  o f  T C -13 , the Japanese  w ork ing  

co m m ittee  w as a lso  organ ized  in 1995 u nder the  financial 

support by  the Japanese  G eo techn ica l Society. T he com m ittee  

m em bers are: P rof. M . O da (C hairm an , Saitam a U niversity); 

Dr. K . Iw ash ita  (Secretary , Saitam a U niversity); Dr. H. 

H ash im o to  (K yushu  U niversity ); Dr. S. Iai (Po rt and H arbour 

R esearch  Institu te); P rof. Y. K ish ino  (Tohoku U niversity ); Prof.

H . M a tsu o k a  (N agoya Institu te  o f  T echnology); Dr. K. M iura 

(H okkaido  U niversity ); P rof. F. O ka (G ifu  U niversity ); P rof. M . 

Satake (T ohoku-gaku in  U niversity ); Dr. H. Sakaguchi (K obe 

U niversity ); Dr. S. S aw ada (K yoto  U niversity ); Prof. T. Tam ura 

(K yoto  U niversity ), Dr. Y. T obita  (T ohoku-gaku in  U niversity). 

T he w ork in g  com m ittee  p roposed  tw o m ain  targets under

support by T C -13; 1) to  o rgan ize  a  w ork sh o p  in H am burg  in 

1997, and  2) to pub lish  an  in troduc tory  tex tb o o k  on  the 

m echan ics o f  g ranu lar m aterials.

2 W O R K S H O P  IN  H A M B U R G

T he w orkshop  w as held  on 10th S ep tem ber 1997 at C ongress 

C en trum  H am burg , G erm any. A bou t 20 IS S M F E  m em bers 

p artic ipa ted  in a  d iscussion  at the  w orkshop . T he m eeting  w as 

very  successfu l in  exchang ing  ideas am ong  the  partic ipan ts. 

T he p resen ters and  the  top ics are:

P rogram : P art 1: C ha irm an  M . Satake (T ohoku-gakuin  

U niversity)

1) M . O da and K  Iw ash ita  (Sa itam a U niversity ):

P artic le  ro ta tion  an d  coup le  stress in the  dev e lo p m en t o f  

shear band o f  g ranu lar m edia.

2) H .G .B . A lle rsm a (D elft U n iversity  o f  Technology):

O ptical m easu rem en t o f  stress and stra in  in g ranu lar 

m aterial.

3) Y. K ish ino  (Tohoku U niversity):

A p p lica tion  o f  g ranu lar e lem en t m ethod .

4) C. T horn ton  (A ston  U niversity):

M echan ics and  physics o f  g ranu lar m edia.

P art 2: C ha irm an  M . O da (S a itam a U niversity )

5)F. O ka (G ifu  U niversity):

N on-local co nstitu tive  m odels fo r geom ateria ls.

6)J. L anier, D . D audon  and  X . T h ib au lt (U n ivers ite  Joseph  

F ourie r G renoble):

C om parison  o f  num erica l and  experim en ta l resu lts on  2-D  

g ranu lar m aterial

7)M . Satake and  Y. T obita  (T ohoku-gaku in  U niversity): 

F abric  changes in p re  and post liquefaction .

8 )G eneral d iscussion  and  final rem arks by  C. T horn ton

3 PU B L IC A TIO N  O F IN T R O D U C T O R Y  T E X T B O O K

O ver the  past 30 years, the  m echan ics o f  g ranu lar m ate ria ls  has 

m atured  and a  variety  o f  excellen t papers h av e  been  pub lished  

in w idely  d issem inated  jo u rn a ls . T h e  m ain  ob jec tiv es o f  the 

in troductory  tex tbook  are, therefore , to  p ro d u ce  a  com pila tion  

o f  p resen t know ledge in readily  u sab le  form  and to  m ake it 

easy  fo r graduate  s tuden ts and  young  soil eng ineers to 

u nderstand  the  essence . T he book  w ill consist o f  s ta te -o f  -the- 

art repo rts w ritten  by about 35 in ternationa lly  recognized  

au thorities , and  w ill cov er the w ho le  range o f  in terest fo r soil

C hairm an: 

Secretary : 

H onorary  M em ber: 

C ore m em ber:

M em bers:
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eng ineers in  abo u t 400  pages. T he book, w h ich  w ill be 

p u b lish ed  by B a lk em a in 1998, is a rranged  to p rov ide  readers 

w ith  a  p rim ary  refe rence  source to  a  particu la r top ic  o f  g ranu lar 

so ils. T h e  con ten ts and  the  au thors are:

T itle: In troduction  to M echan ics o f  G ranu lar M aterials 

E d ito rs-in -C h ief: M . O d a  and  K . Iw ashita

C h ap te r 0. P re face  (M .O da)

C h ap te r 1. F u ndam en ta ls o f  G ran u la r M echanics

E dito rs: M . Satake, C .S . C hang , and Y. T obita 

1 S cope o f  th is  C h ap te r (M . Satake, C .S . C hang and Y. 

Tobita)

1.1 G eom etrica l R epresen ta tio n  o f  G ranu lar A ssem blies

1.1.1 V oronoi-tesse lla tion  fo r g ranu lar assem blies (K. 

B agi)

1.1.2 G raph  rep resen ta tio n  (M . Satake)

1.2 D iscre te  M ech an ics (M . Satake)

1.2.1 F o rm u la tio n  o f  d isc re te  m echan ics

1.2.2 C o rrespondence  b etw een  d isc re te  and con tinuum  

m echanica l quan tities

1.3 S tress, S tra in , and Fabrics

1.3.1 S tra in  (K. B agi)

1.3.2 S tress (K. B agi)

1.3.3 P artic les ro ta tion  and coup le  stress 

(M . O d a  and  H .B . M iih lhaus)

1.2.4 F abric  ten so r (M . O da and  Y. Tobita)

1.4 F rom  M icro  B eh av io r to  M acro  (averaged) B ehavior

1.4.1 F undam en ta l concep ts in hom ogen iza tio n  p rocess 

(B. C am bou)

1.4.2 M icrom echan ica l m odeling  fo r stress-stra in  

re la tionsh ip

o f  g ran u la r m ateria ls (C .S . C hang)

1.5 F ric tional B e h av io r and SM P

1.5.1 F ric tion  b ased  d efo rm ation  and  streng th  behav ior 

(Y. T obita)

1.5.2 S treng th  and defo rm atio n  beh av io r b ased  on  SM P 

(H . M atsuoka)

1.6 E nergy P rinc ip le  in G ranu lar M aterial

1.6.1 M ic roscop ic  dynam ics and  k inem atics (M . H ori)

1.6.2 E nergy  p rin c ip le  o f  partic le  and assem bly  (N. O kada)

C h ap te r 2. C o n tinuum  T heory  o f  G ranu lar M aterials 

E d ito rs: F. O ka, F. M olenkam p  and T. T am ura

2.1 In troduction  (F. O ka)

2 .2 C o n stitu tiv e  T h eories fo r G ran u la r M ateria ls

2.2.1 E lastic ity  theory  (F. O k a  and  H .B  M iih lhaus)

1) C ossera t theory

2) S tra in  g rad ien t-dependen t theory

2 .2 .2  P lastic  theory

1) F lo w  theory  (F. M olenkam p)

2) D oub le  shearing  theory  (F. M olenkam p)

3) C ossera t theory  (H .B . M iih lhaus)

4) S tra in  g rad ien t-dependen t theory  (H .B . M iih lhaus)

2 .2.3 V iscop lastic  theo ry  (F. O ka)

2 .2 .4  R ig id  p las tic  theory  (T. T am ura)

2.3 In stab ility  and B ifu rca tion  (T. T am ura, F. O ka and A. 

A saoka)

2.3.1 Instab ility  and  b ifu rca tion  in boundary  value  p rob lem

2 .3 .2  Instab ility  and  liquefaction  o f  g ranu lar m aterials 

(F. M olenkam p)

2.3.3 C om p u ta tio n s o f  stra in  lo caliza tion  (T. Tam ura)

C h ap te r 3. D isc re te  E lem en t A pproaches

E d ito rs: Y. K ish ino  and  C. T horn ton

3.1 In troduction  (Y. K ish ino)

3.2 S im u la tio n  using  D isc re te  E lem en ts

3.2.1 D istin c t e lem en t m ethod  (Y. K ish ino)

3.2 .2  G ran u la r e lem en t m ethod  (Y. K ish ino)

3.2.3 G enera lized  m odels in d isc re te  e lem en t approaches 

(C . T h o m to n )

3.3 R ecen t A p p lica tions o f  D istinc t E lem en t A pproaches

3.3.1 S hearing  m echan ism  in g ranu lar m ateria ls

(S. Yamamoto and H. Matsuoka)

3.3.2 Incremental behavior of granular material (J.P. Bardet)
3.3.3 On analysis of shear band in granular materials 

(K. Iwashita and M. Oda)
3.3.4 Liquefaction analysis of granular materials (H. Nakase)

3.3.5 Three dimensional behavior of granular materials 
(C. Thomton)

3.3.6 Eigen value analysis of granular materials (Y. Kishino)

3.4 Future Development in Discrete Element Analysis
(C. Thomton)

Chapter 4. New Findings from Experimental Studies 
Editors: M. Oda and T. Ramamurthy

4.1 Introduction (M. Oda)
4.2 Fabric of Granular Materials and Its Development during

Shear Deformation
4.2.1 Measurement of fabric elements (M. Oda)

4.2.2 Evolution of fabric during shear deformation and 
related topics (M. Oda)

4.2.3 An experimental study of the fabric evolution in 
granular materials using two- dimensional assembly 
(J. Lanier and F. Calvetti)

4.3 Recent Developments in Experimental Methodology
4.3.1 Non-invasive measurement of fabric of particle 

packing bu NMR (M. Nakagawa, R.A. Waggoner and 
E. Fukushima)

4.3.2 Visualization of fabric by laser-aided tomography 
(K. Konagai)

4.3.3 Visualization of shear bands by X-ray tomography 
(J. Desrues)

4.3.4 Optical analysis of stress and strain in photoelastic 
assemblies (H.C.B. Allersma)

4.3.5 Use of acoustic emission to detect yield point (Y. 
Tanaka)

4.4 Recent Studies in Laboratories
4.4.1 Internal friction angle of granular soils (M. Oda)
4.4.2 Some fundamental problems related to soil plasticity 

(M. Oda)
4.4.3 Recent laboratory studies 1: shear band development 

(M. Oda and T. Yoshida)
4.4.4 Recent laboratory studies2: stress-strain at small strain 

(F. Tatsuoka)

4.5 Liquefaction (K. Miura and S. Iai)

Chapter 5. Rapid Flow of Granular Materials
5.1 Theoretical Foundations

5.2 Numerical Simulation
5.3 Laboratory Studies on Flow of Granular Materials

4 CONCLUDING REMARKS

The main targets o f ,TC-13 can be said to be to some extent 
accomplished. However, there is still a big gap between the 
theoretical field and the practical soil engineering. The 
committee members heartily hope that the introductory 
textbook can contribute toward filling up such a gap.
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