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ACTIVITY REPORT OF TC 22 

COMPTE RENDU DES ACTIVITES DU COMITE TECHNIQUE - 22

KoichiAkai

Chairman of ISSMFE Technical Committee in Indurated Soils and 

Soft Rocks, Geo-research Institute, Osaka Japan

SYNOPSI S:  Techni cal  Commi t t ee on I ndur at ed Soi l s and Sof t  Rocks ( TC22)  has t aken par t  i n var i ous act i vi t i es i ncl udi ng publ i cat i on of  some repor t s.  The f i nal  

t echni cal  r epor t  " Test i ng met hods of  i ndur at ed soi l s and sof t  r ocks - suggest i ons and r ecommendat i ons"  has j ust  been publ i shed i n Januar y,  1994.  It pr ovi des 

some suggest i ons and r ecommendat i ons about  t he exi st i ng t est i ng met hods used f or  i nvest i gat i on of  i ndur at ed soi l s and sof t  r ocks,  based on a compr ehensi ve st udy.  

Test i ng met hods consi der ed i n t he f i nal  r epor t  are:  uni axi al  compr essi on test ,  t r i axi al  compr essi on test ,  di r ect  shear  test ,  cycl i c t r i axi al  test ,  consol i dat i on test ,  

per meabi l i t y test  and st r engt h det er i or at i on t est  as l abor at or y test s;  and di r ect  shear  t est  and l oadi ng t est  as i n si t u test s.  Measur ement  t echni que of  ul t r asoni c wave 

vel oci t y and i n si t u st resses ar e al so consi der ed al ong wi t h some geophysi cal  expl or at i on.  Thi s r epor t  summar i zes t he act i vi t y of  TC2 2  chr onol ogi cal l y and 

pr ovi des an out l i ne of  t he f i nal  r epor t .

I NT RODUCT I ON

As  t he const r uct i on demand expands gl obal l y ei t her  due t o i ncr easi ng 

popul at i on or  r api d pace of  i ndust r i al i zat i on,  pl aces sui t abl e f or  const r uct i on 

decr ease.  It i s of t en t he case t o encount er  poor  si t es,  unf avour abl e geol ogy 

and ot her  geot echni cal  pr obl ems.  Geot echni cal  engi neer s must  deci de ei t her  

t o abandon such poor  si t es or  t o i mpr ove t hei r  t echnol ogy t o deal  wi t h t hese 

di f f i cul t i es successf ul l y.

I ndur at ed soi l  and sof t  r ock exhi bi t  a wi de r ange of  mat er i al  behavi our  and 

ar e wel l  k nown t o cr eat e di f f i cul t i es i n geot echni cal  engi neer i ng.  Pr oper  

eval uat i on of  t hei r  engi neer i ng charact er i st i cs r equi r es speci al  at t ent i on upon 

i nvest i gat i on.  I n geot echni cal  pract i ce,  however ,  t hese mat er i al s have of t en 

been i nvest i gat ed wi t h t he wel l  k nown cr i t er i a and t est i ng devi ces used f or  

soi l  and r ock.

Last  f ew year s have seen a spl endi d gr owt h i n r esear ch act i vi t i es i n t he f i el d 

of  sof t  r ock engi neer i ng,  as evi denced f r om t he publ i cat i on of  r esear ch 

paper s i n var i ous j our nal s,  per i odi cal s and magazi nes.

Thi s r epor t  pr ovi des a chr onol ogi cal  s ummar y  about  t he act i vi t y of  TC22  

and an out l i ne of  t he f i nal  t echni cal  r epor t  whi ch has j ust  been publ i shed.

EST ABL I SHMENT  A ND ACT I VI T Y OF  TC2 2

Under  t he ci r cumst ance descr i bed i n I nt r oduct i on,  t he est abl i shment  of  

I SSMFE Techni cal  Commi t t ee on I ndur at ed Soi l s and Sof t  Rocks ( TC22)  

was pr oposed by t he f or mer  Pr esi dent  of  I SSMFE,  Pr of . Bengt  B. Br oms,  i n 

1985 t o succeed t he I SSMFE Techni cal  Commi t t ee on Undi st ur bed Sampl i ng 

and Labor at or y Test i ng of  Sof t  Rocks and I ndur at ed Soi l s whi ch had been 

chai r ed by Pr of .  I. W. Johnst on,  Aust r al i a.  The Japanese Soci et y of  Soi l  

Mechani cs and Foundat i on Engi neer i ng ( J SSMFE)  was  asked t o suppor t  

TC22.  The Japanese Soci et y accept ed t he r equest  and r ecommended 

Dr . Koi chi  Akai ,  t hen a pr of essor  of  Kyot o Uni ver si t y,  as Secr et ar y of  t he 

Commi t t ee.  Pr esi dent  Br oms  appr oved t he r ecommendat i on and i nvi t ed t he 

member shi p of  t he Techni cal  Commi t t ee.

I n t he per i od f r om 1985 t o 1989,  TC2 2  par t i ci pat ed i n var i ous act i vi t i es.  

Summar y  i s gi ven her e.  TC2 2  or gani zed a di scussi on sessi on on 

" Const r uct i on Pr obl ems Rel at ed t o Excavat i on on Sof t  Rocks"  at  t he 12t h 

I CSMFE i n Ri o de Janer i o,  Br azi l ,  1989.  Dur i ng t he sessi on t he f ol l owi ng 

si x r epor t s wer e pr esent ed:

1. Gener al  r epor t  by Dr . L. Dober ei ner ;

2.  Fi el d and l abor at or y i nvest i gat i on on sof t  r ocks by Dr . D. G. Coumoul os;

3.  Assessment  of  bear i ngs and di ps of  j oi nt s i n sof t  r ock sl opes by 

dr . P. J. Huer go;

4.  Lar ge scal e ver t i cal  excavat i on wor ks i n Neogene sedi ment ar y sof t  r ock 

mass by Mr . A. Denda;

5.  Bot t om heave i n open pi t  excavat i ons i n mar l y f or mat i on,  wi t h speci al  

consi der at i ons t o t he gypsum- mar l  case by Pr of . C. Ot eo;  and

6.  St abi l i t y condi t i ons of  t unnel s i n f i ssur ed by Dr .  A. Negr o.

The di scussi on l eader ,  Pr of . I . W.  Johnst on,  t hen l ed t he f l oor  t o di scussi on 

i n whi ch Pr of . T. Shi nj o al so t al ked about  t he ef f ect s of  dr yi ng on weat her i ng 

of  mudst one.  The di scussi on l eader ’s r epor t  on " Mat er i al  pr oper t i es of  sof t  

r ocks"  was  publ i shed i n Vol . 5 of  t he Conf er ence Pr oceedi ngs.  At  t he same 

t i me,  a r epor t  of  TC2 2  was publ i shed and di st r i but ed under  t he t i t l e of  

" Recent  Advances i n Sof t  Rock  Resear ch" .

The Techni cal  Commi t t ee has cont i nued i ts act i vi t y f ol l owi ng t he t er m of  

1985 t o 1989,  under  t he appr oval  of  t he new I SSMFE Pr esi dent ,  

Pr of . N. R. Mor genst er n,  wi t h some changes i n t he commi t t ee member s  whi ch 

wer e r ecommended by t he r el at ed member  soci et i es.  The t er ms of  r ef er ence 

f or  t hi s second st age ar e summar i zed as f ol l ows.

1. Modi f i cat i on and/ or  i mpr ovement  of  l abor at or y and i n si t u t est s on 

i ndur at ed soi l s and sof t  r ocks.

1) The Techni cal  Commi t t ee ( TC22)  wi l l  di scuss t he f ol l owi ng:

For  nat ur al  i ndur at ed soi l s and sof t  r ocks,

Uni axi al  compr essi on test s 

Per meabi l i t y t est s 

Ri ng shear  t est s 

For  art i f i ci al  sof t  r ock

Labor at or y t est s i n gener al

2)  The Japanese l ocal  t ask f or ce commi t t ee wi l l  di scuss t he f ol l owi ng:  

Consol i dat i on t est s 

Sl aki ng t est s 

Cycl i c shear  t est s 

Cr eep test s

Geophysi cal  expl or at i on t echni que

2.  Or gani zat i on of  an i nt ernat i onal  meet i ng on t hi s subj ect .

1) TC2 2  wi l l  cooper at e wi t h Hel l eni c Soci et y of  S MF E  i n t he 

I nt er nat i onal  Sympos i um on Har d Soi l s and Sof t  Rocks,  At hens i n 

Sept ember  1993.

2)  TC2 2  wi l l  or gani ze an i nt ernat i onal  meet i ng ar ound t he 13t h 

I CSMFE,  Ne w Del hi  i n Januar y 1994.
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3.  Cooper at i on and exchange of  i nf or mat i on about  t he behavi our  of  

i ndur at ed soi l s and sof t  r ocks

4.  Li ai son wi t h I AEG and I SRM on t hi s subj ect

I n t he I nt ernat i onal  Sy mpos i um on Har d Soi l s and Sof t  Rocks at  At hens i n 

Sept ember  1993,  or gani zed by t he Hel l eni c Soci et y f or  Soi l  Mechani cs and 

Foundat i on Engi neer i ng,  TC2 2  pr esent ed an i nt er i m r epor t  of  t he commi t t ee 

act i vi t y dur i ng t he second t er m,  1989- 1993.  I mmedi at el y af t er  t he openi ng 

cer emony of  t he symposi um,  a speci al  t al k of  t he TC2 2 ’s act i vi t i es was 

pr esent ed by Pr of . T. Adachi  i n whi ch al so i nt r oduced wer e some case 

r ecor ds of  sl ope i nst abi l i t y occur r ed at  a const r uct i on si t e i n sof t  r ock.

Dur i ng t he symposi um,  a meet i ng of  TC22  member s  was hel d at  At hens 

Hi l t on Hot el  wi t h t he symposi um venue.  El even member s,  i ncl udi ng t he 

Chai r man,  t he Secr et ar y and t hr ee Japanese l ocal  t ask f or ce member s,  

gat her ed.  The mai n agenda wer e:  1) Fi nal  ver si on of  TC22  t echni cal  repor t ;  

and 2)  Cont i nuat i on of  t he commi t t ee act i vi t y.  I t  has been agr eed t hen 

among t he member s  t hat  t he f i nal  r epor t  i s t o be pr epar ed not  i n a sense of  

t he st at e of  t he ar t  but  i n t he sense of  suggest i ons and r ecommendat i ons t o 

st andar di ze t he t est i ng met hods f or  i ndur at ed soi l s and sof t  r ocks,  r egar di ng 

equi pment  used,  sampl e pr epar at i on and so f or t h.

The f i nal  r epor t  " Test i ng met hods of  i ndur at ed soi l s and sof t  r ocks - 

suggest i ons and r ecommendat i ons"  has j ust  been publ i shed i n Januar y,  1994 

and i s avai l abl e f r om t he Japanese Soci et y of  Soi l  Mechani cs and Foundat i on 

Engi neer i ng.  The f ol l owi ng i s a br i ef  descr i pt i on about  t he f i nal  repor t .

TEST I NG ME T H OD S  OF  I NDURAT ED SOI L S A N D  SOF T  ROCK S

I nt r oduct i on

I ndur at ed soi l  and sof t  r ock exhi bi t  a wi de r ange of  mat er i al  behavi our  and 

ar e wel l  k nown t o cr eat e di f f i cul t i es i n geot echni cal  engi neer i ng.  Pr oper  

eval uat i on of  t hei r  engi neer i ng charact er i st i cs r equi r es speci al  at t ent i on upon 

i nvest i gat i on.  I n geot echni cal  pract i ce,  however ,  t hese mat er i al s have of t en 

been i nvest i gat ed wi t h t he wel l  k nown cr i t er i a and t est i ng devi ces used f or  

soi l  and r ock.

I ncr ease i n f undament al  knowl edge on t hese mat er i al s and t echnol ogi cal  

advances make i t possi bl e t o r e- eval uat e t he exi st i ng t est i ng met hods 

empl oyed f or  i ndur at ed soi l  and sof t  r ock.  I t  shoul d be not ed t hat  exper i ence 

wi t h i ndur at ed soi l  and sof t  r ock has accumul at ed and t hat  a cl ear  

under st andi ng of  t hese t er ms may  exi st  at  l east  on a r egi onal  basi s,  but  t he 

pr eci se def i ni t i on r emai ns ambi guous.

Thi s r epor t  i s i nt ended t o pr ovi de t echni cal  suggest i ons f or  i mpr ovi ng t he 

t est i ng met hods wi del y use<l  f or  i ndur at ed soi l  and sof t  r ock.

Over vi ew

Char act er i st i cs of  i ndur at ed soi l  and sof t  r ock

I ndur at ed soi l  and sof t  r ock per vade ar ound t he wor l d and have gi ven r i se 

t o numer ous pr obl ems i n t he desi gn and const r uct i on of  geot echni cal  

st ruct ur es such as dams,  br i dges,  t unnel s and sl opes.

I ndur at ed soi l  and sof t  r ock consi st  of  a var i et y of  mat er i al s and are 

sedi ment ar y,  al t ered or  weat her ed r ocks.  Mudst one,  si l t st one,  sandst one and 

shal e ar e t ypi cal  sedi ment ar y sof t  r ocks.  They ar e f or med suf f er i ng f r om 

i nsuf f i ci ent  consol i dat i on,  di agenesi s or  weak  met amor phi sm.  Cement at i on 

devel ops i n t he pr ocess of  l i t hi f i cat i on but  i ts magni t ude i s not  great .  The 

cement i ng agent s and cl ay mi ner al s i nvol ved ar e of t en af f ect ed by chemi cal  

changes,  resul t i ng i n st ruct ural  br eakdown of  r ock.  Weat her i ng weakens 

har d r ock i n var i ous ext ent  and t he physi cal  and mechani cal  charact er i st i cs 

of  weat her ed sof t  r ock var y r emar kabl y wi t h t he t ype of  r ock mat r i x and t he 

degr ee of  weat her i ng.  Tuf f aceous r ock consi st s of  pyr ocl ast i c mat er i al .  The 

degr ee of  i ndur at i on di f f ers f r om si t e t o si t e and i s rel at ed t o t he 

devel opment  of  zeol i t hi c cement  resul t i ng f r om t her mal  and gravi t at i onal  

modi f i cat i on of  vol cani c gl ass.

They ar e k nown t o exhi bi t  a wi de r ange of  mat er i al  behavi our ,  f r om soi l  t o 

rock- l i ke.  However ,  t he c ommon  obser vat i on on t hese mat er i al s may  be 

summar i zed as f ol l ows:

(a) The mechani cal  and physi cal  pr oper t i es ar e somewher e bet ween 

t hose of  soi l  and r ock.

(b)  The uni axi al  compr essi ve st r engt h r anges f r om 1 t o 10 MPa  ( < 20 

MPa) .

(c) The por osi t y i s rel at i vel y l arge i n compar i son wi t h t he geol ogi cal  

age and t he wat er  absor pt i on var i es f r om 10 t o 50%.

(d)  Cement at i on i s expect ed t o some magni t ude bet ween par t i cl es but  

can easi l y det er i or at e due t o envi r onment al  changes.

(e) The mechani cal  behavi our  changes f r om bri t t l e t o duct i l e t ype 

dependi ng on conf i ni ng pr essur es.

(f) Por e wat er  has a si gni f i cant  i nf l uence on t he mechani cal  behavi our .

I n connect i on wi t h I t em (f),  t he pr i nci pl e of  ef f ect i ve st ress usual l y hol ds i n 

t hese mat er i al s,  unl i ke har d r ocks.  Mor eover ,  t he mass behavi our  is 

cont r ol l ed by t he mechani cal  charact er i st i cs of  const i t uent  mat er i al s rat her  

t han geol ogi cal  di cont i nui t i es.

I dent i f i cat i on of  i ndur at ed soi l  and sof t  r ock may  be made based on t hei r  

geol ogi cal  age but  i t i s not  al ways rel evant .  For  i nst ance,  Ter t i ar y and 

Pl ei st ocene deposi t s i n Japan of t en exhi bi t  t he behavi our  descr i bed above 

and ar e consi der ed t o be i ndur at ed soi l  or  sof t  r ock;  on t he ot her  hand,  i n 

Nor t h Amer i ca and Eur ope ol der  deposi t s ar e al so consi der ed as sof t  r ocks.  

I t  i s t her ef or e essent i al  t o t ake i nt o account  not  onl y t he geol ogi cal  age but  

al so t he di agenet i c pr ocesses t he mat er i al  has under gone.

Si nce i t i s out  of  t he scope,  a det ai l ed descr i pt i on about  t he mechani cal  

behavi our  of  i ndur at ed soi l  and sof t  r ock i s not  gi ven her e.  Reader s can 

consul t  r ef er ences,  f or  i nst ance,  by J SSMFE ( 1989)  and HSSMF E ( 1993) .

Rol e of  t est i ng

Geot echni cal  i nvest i gat i on i s per f or med t o obt ai n a pr oper  under st andi ng of  

t he geot echni cal  charact er i st i cs of  i ndur at ed soi l  and sof t  r ock f or  t he 

pur pose of  const r uct i on of  ci vi l  engi neer i ng st ruct ures.  The ext ent  of  

i nvest i gat i on depends on t he t ype of  a st r uct ur e under  consi der at i on and i ts 

i mpor t ance and scal e.  Fi gur e 1 shows t he i nvest i gat i on and t est  i t ems 

per f or med f or  t hese mat er i al s.  Some of  t hem ar e car r i ed out  not  onl y at  t he 

desi gni ng st age but  al so dur i ng and af t er  const r uct i on.

Engineering characteristics
aLrocK (mass)

- In borehole

Core observation ---------

Geophysical loggings 

Groundwater level 
Permeability test 
Pressuremeter test 

In test pit

Observation in p it --------

In situ tests 

Direct shear test 

Loading test 

Seismic exploration in pit 

In situ stress measurements 

Geophysical exploration

Field monitoring

Sampling-

Construction control 

and management

Physical tests

Natural water content 
Saturation 

Specific gravity 
Density 

Void ratio

Grain size distribution 
Consistency

Ultrasonic wave velocity 

Mechanical tests

Uniaxial compression test 

Triaxial compression test 

Triaxial creep test 

Direct shear test 

Cyclic triaxial test 

Strength deterioration tests 

Consolidation test 

Permeability test

Figure  1. Geotechnical investigation and tests for indurated soils and soft rocks
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I nf or mat i on obt ai ned f r om geot echni cal  i nvest i gat i on i s used f or  est abl i shi ng 

a r el evant  geot echni cal  model  on whi ch desi gn and const r uct i on ar e based.  

I n ot her  wor ds,  poor  i nvest i gat i on coul d be fatal  t o rat i onal  desi gn and 

const r uct i on.  I n geot echni cal  pract i ce,  however ,  t hese mat er i al s ar e of t en 

i nvest i gat ed wi t h t he wel l  k nown cr i t er i a and t est i ng devi ces used f or  soi l  

and r ock,  t he t est i ng met hods cur r ent l y sued f or  t hese mat er i al s shoul d be 

r evi ewed and modi f i ed consi der i ng t hei r  charact er i st i cs di f f erent  f r om t hose 

of  soi l  and har d r ock.  Fi gur e 2 schemat i cal l y shows t he rol e of  geot echni cal  

t est s and t hei r  re-  eval uat i on.  The f ol l owi ngs,  t he obj ect i ve of  each t est i ng 

met hod i s ext r act ed f r om t he f i nal  repor t .

Prototype 

Geotechnical structure •

Construction

Model 

• Geotechnical model

[investigations / tests

Behaviour of 

geotechnical structure

r r

Design

- Behaviour of 

geotechnical model

Réévaluation of 

investigation /  test methods

Figure  2. Role of  geotechnical investigation and tests 

Labor at or y t est i ng met hods 

Ul t r asoni c wave test

The obj ect i ve of  t hi s t est  i s t o obt ai n t he P and S wave vel oci t i es of  soi l s or  

r ocks by t he measur ement  of  ul t r asoni c wave vel oci t y i n l abor at or y.

Two  t est i ng met hods,  t r ansmi ssi on met hod and r esonance met hod,  ar e 

adopt ed f or  i ts test ,  t he l at t er bei ng mor e popul ar .  The pul se used i n 

t r ansmi ssi on met hod has ei t her  a hi gh f r equency ( 100 k t o 2 M Hz)  or  a l ow 

f r equency (I  t o 100 Hz)  ( I SRM,  1978) .  The pul se gener at or  i s pl aced on 

one end pl ane of  a sampl e,  and t he r ecei ver  i s l ocat ed on t he ot her  end or  

t he si de of  t he sampl e.  The t r ansmi ssi on met hod wi t h t he r ecei ver  and t he 

gener at or  set  on each end i s descr i bed i n t hi s sect i on.

Uni axi al  compr essi on test

The uni axi al  compr essi on st r engt h test  i s t he most  wi del y used r ock t est  i n 

engi neer i ng pract i ce.  It i s i nt ended f or  st r engt h cl assi f i cat i on and 

char act er i zat i on of  i nt act  r ock.  The det er mi nat i on of  t he uni axi al  

compr essi on st r engt h i s usual l y per f or med accor di ng t o t he " Suggest ed 

Met hods f or  Det er mi ni ng t he Uni axi al  Compr essi on St r engt h and 

Def or mabi l i t y of  Rock  Mat er i al s"  pr epar ed by t he Commi t t ee on Labor at or y 

Test s of  t he I nt er nat i onal  Soci et y of  Rock  Mechani cs ( I SRM,  1979)  and t he 

t est i ng met hodol ogy i s compr ehensi vel y r evi ewed i n Hawk es  and Mel l or  

( 1970) .  However ,  sever al  aspect s of  t hi s t est i ng pr ocedur e ar e not  adapt ed 

t o weak  r ocks and ar e di scussed i n t hi s sect i on.

Ther e ar e sever al  f act or s whi ch i nf l uence t he st r engt h and def or mabi l i t y of  

weak  r ocks;  t hose r el at ed t o sampl e pr epar at i on and t est i ng pr ocedur e and 

t hose r el at ed t o t he condi t i on and nat ur e of  t he r ock.  The i nf l uence on t he 

nat ur e of  t he r ock on st r engt h and def or mabi l i t y i s not  expanded i n t hi s 

sect i on.  Emphasi s i s pl aced on a det ai l ed i nt er pret at i on of  t he st ress-  st rai n 

charact er i st i cs of  weak  r ocks,  on how t he sampl e condi t i ons ( moi st ur e 

cont ent ,  ani sot r opy,  et c. )  can i nf l uence t hei r  resul t s and on t he par t i cul ar  

t est i ng pr ocedur es whi ch shoul d be consi der ed when t est i ng weak  r ocks.

Weak  r ocks ar e def i ned i n t hi s sect i on as havi ng a uni axi al  compr essi on 

st r engt h bet ween 0. 25 and 25 MPa,  as suggest ed by t he I nt er nat i onal  Soci et y 

of  Rock Mechani cs ( I SRM,  1978b) .

Tr i axi al  compr essi on t est

Tr i axi al  compr essi on t est  has of t en been car r i ed out  t o i nvest i gat e t he 

mechani cal  pr oper t i es of  i ndur at ed soi l s and sof t  r ocks.  The mai n pur pose 

of  t r i axi al  compr essi on t est  i s t o obt ai n st r engt h and def or mat i on par amet er s 

used i n t he desi gn met hod and i n const i t ut i ve model s.  The pr i nci pl e of  t he 

ef f ect i ve st ress can onl y be used under  t he condi t i on t hat  t he compr essi bi l i t y 

of  geomat er i al  i s muc h l ar ger  t han t hat  of  t he por e wat er .

For  a convent i onal  const i t ut i ve model  der i ved based on t he cont i nuum 

mechani cs,  an uni f or m def or mat i on i n t he speci men i s assumed.  I n real i t y,  

however ,  shear  bands and st rai n l ocal i zat i on can of t en be obser ved when t he 

peak st ress i s appr oached or  af t er  it i s r eached.

Fur t her  r esear ch is, t her ef or e,  necessar y t o det er mi ne t he f ai l ure par amet er s 

i n const i t ut i ve model s f or  i ndur at ed soi l s and sof t  r ocks.

Thi s sect i on di scusses a t r i axi al  compr essi on t est  met hod sui t abl e f or  sof t  

r ock mat er i al  i n some det ai l s and t he associ at ed pr obl ems ar e poi nt ed out .  

I ts appl i cat i on and i nt er pr et at i on ar e al so pr esent ed wi t h a cri t i cal  vi ew.

Di r ect  shear  test

Di r ect  shear  t est  on i ndur at ed soi l s and sof t  r ocks ar e per f or med t o measur e 

peak and r esi dual  shear  st r engt h.  The resul t s ar e empl oyed f or  t he st abi l i t y 

anal ysi s of  dam f oundat i on,  t he eval uat i on of  t he bear i ng capaci t y of  br i dge 

and i n t he l i mi t i ng equi l i br i um anal ysi s of  sl ope st abi l i t y ( JSCE,  1991) .

The most  commonl y  used di r ect  shear  t est  i s t he box shear  test .  The 

l i mi t at i ons of  di rect  shear  t est s compar ed wi t h convent i onal  t r i axi al  

compr essi on t est s are:  (a) a speci men i s pr ogr essi vel y f ai l ed due t o 

nonuni f or m di st r i but i on of  st ress and st rai n on t he f ai l ure sur f ace;  and (b) 

a compl et e pr event i on of  dr ai nage i s ver y di f f i cul t  and t he por e wat er  

pr essur e cannot  be measur ed.

Di r ect  shear  t est s ar e however  wi del y used i n t he det er mi nat i on of  shear  

st r engt h par amet er s,  c and </>, si nce t he di rect  shear  appar at us i s si mpl e and 

easy t o oper at e.  Fur t her mor e,  t he di rect  shear  appar at us i s usef ul  t o sof t  

r ocks cont ai ni ng t he pl ane of  weakness such as beddi ng pl ane,  cr ack,  et c.

I n case a r esi dual  shear  st r engt h at  l ar ge di spl acement s i s r equi r ed,  ei t her  a 

r i ng shear  t est  or  a mul t i pl e r ever sed shear  t est  shoul d be car r i ed out  ( JSCE,  

1991) .

Consol i dat i on t est

Consol i dat i on t est s on i ndur at ed soi l s and sof t  r ocks ar e per f or med t o 

under st and mechani cal  pr oper t i es,  r at her  t han def or mat i on charact er i st i cs of  

t he mat er i al s.  It has been shown t hat  t her e i s a t hr eshol d pr essur e above 

whi ch i ndur at ed soi l s and sof t  r ocks exhi bi t  di f f er ent  mechani cal  behavi our s.  

Pr i or  t o ot her  st r engt h t est s,  i t i s t her ef or e i mpor t ant  t o det er mi ne t he 

pr econsol i dat i on pr essur e f r om t he consol i dat i on test s,  si nce i t i s one of  t he 

key par amet er s i n t he eval uat i on of  t he t hr eshol d pr essur e descr i bed above.

Due t o nat ur e of  i ndur at ed soi l s and sof t  r ocks,  t oo l ong a t i me i s r equi r ed 

i n t he convent i onal  Oedomet er  test s.  To  over come thi s,  sever al  new 

consol i dat i on t est  met hods ar e suggest ed,  wher e t i me r equi r ed t o compl et e 

a set  of  t est s i s drast i cal l y r educed and aut omat i c dat a acqui si t i on syst em i s 

of t en avai l abl e.  These new met hods ar e i nt r oduced,  and t hei r  pr obl ems ar e 

di scussed i n t hi s sect i on.

Cycl i c t r i axi al  t est

Cycl i c t r i axi al  t est  i s used t o obt ai n def or mat i on and st r engt h pr oper t i es of  

gr ound mat er i al  under  cycl i c l oad such as ear t hquake.  Sof t  r ock has hi gher  

homogenei t y t han har d r ock;  t hus,  t he dynami c pr oper t i es ar e of t en 

i nvest i gat ed i n l abor at or y and used i n sei smi c desi gn of  mor e i mpor t ant  ci vi l  

engi neer i ng st ruct ures.

I n pr i nci pl e,  t her e ar e t wo t ypes of  t est i ng met hods;  one i s t o obt ai n t he 

dynami c def or mat i on char act er i st i cs i ncl udi ng shear  modul us G and dampi ng 

rat i o h.  For  exampl e t hey ar e ut i l i zed t o eval uat e t he r esponses of  gr ound 

and st r uct ur e under  ear t hquake.  For  i mpor t ant  st ruct ure,  t he t est  i s 

conduct ed under  a wi de r ange of  st rai n f r om ver y smal l  t o l ar ge f ai l ure 

l evel .  Anot her  i s t o obt ai n t he st r engt h charact er i st i cs under  cycl i c l oadi ng.  

It i s per f or med not  onl y f or  shor t  l oadi ng r ange such as ear t hquake but  al so 

f or  f at i gue l oadi ng wi t h l onger  f r equency.

Ther e ar e many  t ypes of  t est s t o obt ai n dynami c def or mat i on charact er i st i cs,  

dependi ng on t he shear  st rai n l evel .  They  can be obt ai ned usi ng cycl i c 

t r i axi al  t est s wi t h a wi de r ange of  st rai n.  Wh e n  si nusoi dal  l oad i s appl i ed t o 

a col umn sampl e,  t he r el at i onshi p bet ween st ress and st rai n shows hyst er esi s 

l oop.  Shear  modul us i s t hen cal cul at ed f r om t he sl ope of  t hi s l oop wher eas 

dampi ng rat i o h i s def i ned as a rat i o of  ener gy consumed t o gi ven ener gy
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under  one cycl e.  G and h depend on not  onl y shear  st rai n but  al so 

conf i ni ng pr essur e.  It i s t her ef or e necessar y t o t ake i nt o account  t he st ress 

condi t i on i n gr ound of  i nt erest .

Dynami c  st r engt h char act er i st i cs ar e i nvest i gat ed by appl yi ng si nusoi dal  l oad 

wi t h const ant  ampl i t ude,  or  i r r egul ar  cycl i c l oadi ng such as ear t hquake 

wave.  It i s not  easy t o def i ne st r engt h.  St r ai n i s gr adual l y accumul at ed under  

nor mal  conf i ni ng pr essur e,  and f ai l ure suddenl y occur s ( Ni shi ,  1984) .  It 

seems t her ef or e rat i onal  t o def i ne st r engt h at  t hat  st at e of  st ress and st rai n.

St r engt h det er i or at i on t est s 

Slaking test

Sl aki ng may  be def i ned as a phenomenon of  st ruct ural  br eakdown of  a mass 

of  i ndur at ed soi l  and sof t  r ock i nt o smal l  si ze par t i cl es due t o change i n 

moi st ur e cont ent  r esul t i ng f r om envi r onment al  changes such as 

dr yi ng- wet t i ng.  Wh e n  encount er ed wi t h sl ope i nst abi l i t y of  cut t i ngs and 

embankment s,  l andsl i des,  mud  pumpi ng of  r ai l way r oadbed and hi gh r ock 

pr essur e upon t unnel  suppor t  i n i ndur at ed soi l s and sof t  r ocks,  i t i s essent i al s 

t o i dent i f y sl aki ng r ock and eval uat e i ts degr ee and ext ent  f or  t he pur pose 

of  not  onl y pr event i on and r emedi al  measur es but  al so desi gn and 

const r uct i on.

Swelling test

Swel l i ng may  be def i ned as a t i me- dependent  vol ume i ncr ease i nvol vi ng 

physi co- chemi cal  r eact i on wi t h wat er .  The swel l i ng mechani sm i s a 

combi nat i on of  physi co- chemi cal  r eact i on wi t h wat er  and st ress rel i ef .  The 

r eact i on wi t h wat er  i s usual l y t he maj or  cont r i but or  t o swel l i ng,  but  i t can 

onl y t ake pl ace si mul t aneousl y wi t h or  f ol l owi ng st ress rel i ef .  Swel l i ng can 

occur  i n r ock and soi l .  I t  i s not  possi bl e,  however ,  t o def i ne a boundar y 

bet ween r ock and soi l  i n gener al ,  and swel l i ng r ock and expansi ve soi l  i n 

par t i cul ar .  Ther ef or e,  t her e may  be cer t ai n ambi gui t i es concer ni ng t he above 

boundar y i n t hi s sect i on.

The engi neer i ng pr obl ems caused by  swel l i ng ar e wi del y r ecogni zed i n sl ope 

st abi l i t y of  cut t i ngs,  squeezi ng of  t unnel s,  and under gr ound excavat i ons of  

i ndur at ed soi l s and sof t  r ocks t o det er mi ne t hem f or  pur poses of  desi gn.

Identification test

I n t he desi gn and const r uct i on of  dams,  br i dge f oundat i ons,  sl opes and 

t unnel s i n i ndur at ed soi l s and sof t  r ocks,  i t i s necessar y t o k now what  ext ent  

st r engt h det er i or at i on has occur r ed t o.  I t  i s al so desi r abl e,  pr i or  t o act ual  

const r uct i on of  t hese st ruct ur es,  t o assess t he degr ee of  st r engt h det er i or at i on 

t hr ough mechani cal  as wel l  as physi cal  pr oper t y t est s per f or med on t he 

speci mens r et r i eved f r om t he si te,  and t o under st and and pr edi ct  t he 

mechani cal  behavi our  of  t he mat er i al .  For  exampl e,  when excavat i ng t unnel s 

i n hi l l s or  mount ai ns,  i t i s ver y di f f i cul t  t o car r y out  accur at e geol ogi cal  

i nvest i gat i ons unt i l  act ual  const r uct i on begi ns.  I nst ead si mpl er  and easi er  

met hods l i ke sl aki ng t est s di scussed i n t he pr evi ous sect i on shoul d t her ef or e 

be i mpl ement ed.  Fr om our  past  exper i ence i t i s k nown t he amount  of  

expansi ve cl ay mi ner al s (e. g. ,  mont mor i l l oni t e)  and CEC ( cat i on exchange 

capaci t y)  val ues may  be used as i ndi ces t o eval uat e degr ee of  swel l i ng ( or  

decr ease i n st rengt h) .  I n t hi s sect i on,  f our  met hods used t o det er mi ne 

st r engt h det er i or at i on of  i ndur at ed soi l s and sof t  r ocks,  i .e. ,  X- r ay 

di f f r act i on t est s,  CEC ( cat i on exchange capaci t y)  t est s,  i gni t i on l oss t est s and 

chemi cal  anal yses wi l l  be descr i bed wi t h some of  t hei r  f i l ed 

i mpl ement at i ons.

Per meabi l i t y t est

The vol umet r i c wat er  per meabi l i t y measur ement  devi ce i s descr i bed i n t hi s 

sect i on whi ch i s named Super  L o w Wat er  Per meabi l i t y Measur ement  

Appar at us,  SUL PER ( Ar aki  et  al . ,  1992) .  I t  measur es wat er  per meabi l i t y of  

a cor e speci men,  50 mm i n di amet er  and 20 mm i n t hi ckness,  paral l el  or  

per pendi cul ar  t o t he cor e axi s.  A  cel l  wi t h 100 mm i n di amet er  and 

t hi ckness i s of t en used f or  t he wat er  per meabi l i t y measur ement .

SUL PER has a wat er  t i ght  cel l  t o hol d a speci men pr epar ed ei t her  by cor i ng 

or  by compact i ng a soi l  sampl e and i s equi pped wi t h a capi l l ar y t ube at  t he 

t op of  t he cel l  f or  measur i ng t he wat er  vol ume f l owi ng t hr ough t ype 

speci men.  Pr escr i bed wat er  pr essur e i s appl i ed t o t he speci men f r on}  t he cel l  

bot t om i n or der  t o f l ow wat er  i nt o t he speci men;  t he magni t ude of  pr essur e 

depends on t he per meabi l i t y of  t he speci men.  The si ze of  speci men i s kept

I n si t u t est i ng met hods  

I n si t u di rect  shear  t est

I n si t u di rect  shear  t est  i s per f or med t o det er mi ne t he shear  st r engt h of  sof t  

r ock mass di rect l y.  Si nce t he st r engt h of  har d r ock mass i s cont r ol l ed by 

di scont i nui t i es such as j oi nt s and beddi ng pl anes,  i t i s usual l y det er mi ned 

f r om i n si t u shear  t est .  On  t he ot her  hand,  i n sedi ment ar y sof t  r ock,  t he 

st r engt h and def or mat i on pr oper t i es of  r ock mass ar e r el evant  t o t hose of  

i nt act  r ocks.  The mechani cal  behavi our  of  f oundat i on r ocks ar e t her ef or e 

of t en eval uat ed i n l abor at or y t est s such as t r i axi al  compr essi on t est s on cor e 

sampl es.  However ,  sedi ment ar y sof t  r ocks cont ai n pl anes of  weakness and 

i n si t u shear  st r engt h det er mi ned may  be af f ect ed by such f act or s as 

di scont i nui t i es,  i nhomogeni t y and ani sot r opy.  Ther ef or e i t i s desi r abl e t o 

car r y out  i n si t u di r ect  shear  t est s i n or der  t o eval uat e pr oper l y t he st r engt h 

of  f oundat i on r ock f or  i mpor t ant  engi neer i ng st ruct ur e,  e. g. ,  concr et e dams 

and fi l l  dams.

I n si t u l oadi ng t est

The obj ect i ve of  i n si t u l oadi ng t est s i s t o eval uat e t he def or mat i on 

charact er i st i cs of  r ock mass i n si t u.  For  sof t  r ock masses t wo t ypes of  i n si t u 

l oadi ng t est s ar e mai nl y per f or med:  pr essur e t est s i n bor ehol es;  and pl at e 

l oadi ng t est s i n t est  pi t s.  These t est s ar e car r i ed out  under  st at i c l oadi ng 

condi t i ons i n or der  t o obt ai n el ast i c par amet er s f or  desi gn.  Recent l y i n si t u 

l oadi ng t est s ar e al so car r i ed out  as cr eep t est s f or  i nvest i gat i ng def or mat i on 

behavi our  under  l ong dur at i on of  l oadi ng or  as dynami c t est s f or  

i nvest i gat i ng r ock mass behavi our  under  sei smi c condi t i ons.  Mor eover ,  

bear i ng capaci t y t est s may  al so be conduct ed upon per f or mi ng i n si t u 

l oadi ng t est s,  f or  obt ai ni ng some i nf or mat i on on t he bear i ng capaci t y of  r ock 

mass.  Thi s sect i on descr i bes t he cur r ent  st at e of  i n si t u l oadi ng t est s and 

t hei r  pr obl ems.

Pr essur emet er  t est

Foundat i on def or mat i ons ar e ei t her  t i me- dependent  consol i dat i on or  

t i me- i ndependent  def or mat i ons whi ch occur  i nst ant aneousl y af t er  l oad 

appl i cat i on.  For  st i f f ,  over - consol i dat ed soi l s and sof t  r ocks t he i mmedi at e 

component  of  set t l ement  i s i n t he or der  of  6 0 % of  t he 50 year  set t l ement  as 

compar ed t o about  16% f or  nor mal l y consol i dat ed soi l s ( Ei senst ei n and 

Mor r i son,  1973) .

To  pr edi ct  t he i nst ant aneous def or mat i on of  over - consol i dat ed soi l s and sof t  

r ocks t he t heor y of  el ast i ci t y can be ut i l i zed.  However ,  t he modul us of  

def or mat i on i s ver y sensi t i ve t o sampl e di st ur bance and at t empt s t o measur e 

i t i n t he l abor at or y ar e usual l y unsuccessf ul .  Set t l ement  st udi es of  l ar ge 

bui l di ngs f ounded on gl aci al  t i l l s and sof t  shal es based on oedomet er  t est  

resul t s have over est i mat ed t he act ual  set t l ement s by f act or s of  10 t o 30.

Pr essur emet er  t est s have been used f or  f oundat i on desi gn i n soi l s f or  sever al  

decades ( Baguel i n et  al . ,  1978) .  Thi s sect i on pr esent s r ecommended 

pr ocedur es f or  use and i nt er pr et at i on of  t he pr essur emet er  t est  i n har d 

over - consol i dat ed soi l s and sof t  r ocks t o det er mi ne t he el ast i c modul us of  
def or mat i on.

I n si t u st ress measur ement s

Desi gn,  const r uct i on and mai nt enance of  under gr ound st r uct ur es i ncl udi ng 

t unnel s and under gr ound st or age t anks ar e af f ect ed by many  f act ors,  such 

as i n si t u i ni t i al  st resses,  gr ound wat er  r egi me,  st r engt h and def or mat i on 

charact er i st i cs of  r ock mass,  and physi cal  pr oper t i es of  l i ni ng mat er i al s.  

Amo n g  t hese key par amet er s,  i n si t u st resses ar e af f ect ed by t he 

gr avi t at i onal  f or ce ( r ock cover  f r om t he gr ound sur f ace t o t he poi nt  of  

i nt erest ),  crust al  f or ces or i gi nat ed by t he pl at e t ect oni cs,  and f or ces ar i si ng 

f r om t he cr ust al  mov ement  t he r ock mss has exper i enced so f ar.  Wh e n  t he 

r ock cover  i s smal l ,  t he ef f ect  of  f r ee boundar y ( gr ound sur f ace)  on t he st at e 

of  i n si t u st resses may  not  be negl ect ed.  I n addi t i on,  i n t he vi ci ni t y of  a 

maj or  f aul t ,  l ocal  di st ur bance i n t he i n si t u i ni t i al  st r esses may  exi st .  I n t hese 

ar eas,  magni t ude of  i n si t u i ni t i al  st resses woul d var y gr eat l y f r om one pl ace 

t o anot her ,  t hi s possi bl y bei ng ref l ect ed i n t he resul t s of  st ress measur ement s 
( JSSMFE,  1988) .

I n si t u st ress measur ement s ar e t her ef or e i nevi t abl e i n t he saf e desi gn and

constant mechanically during measurement.
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const r uct i on of  l arge,  i mpor t ant  ci vi l  engi neer i ng st ruct ures.  I n spi t e of  i ts 

recent  r emar kabl e advancement ,  st ress measur ement s ar e somet i mes omi t t ed 

i n pract i ce,  si nce t her e ar e no k nown speci f i cat i ons and exper i ences wi t h 

whi ch t he resul t s of  st ress measur ement s ar e di rect l y appl i ed as desi gn dat a.  

Ther e i s al so a gener al  f eel i ng among si t e engi neer s t hat  "St ress 

measur ement s ar e t i me consumi ng and expensi ve" .  For  t he f ut ur e 

devel opment  of  i n si t u st ress measur ement s,  i t shoul d be shown t hat  t he 

accur acy of  st ress measur ement s has been r emar kabl y i mpr oved,  and t hat  

t he st ress measur ement  t echni ques have r eached t he same hi gh cal i br e as i n 

i n si t u shear  and pl at e l oadi ng t est s f or  whi ch t he speci f i cat i ons have al r eady 

been l ai d out .

Thi s sect i on i nt ends t o cl assi f y di f f erent  st ress measur ement s met hods f r om 

t he f undament al  pr i nci pl es used,  and t o di scuss charact er i st i cs and 

appl i cat i on l i mi t s of  each met hod.  Possi bl e pr obl ems ar e t hen poi nt ed out  i n 

t hei r  appl i cat i on t o sof t  r ocks.  Sever al  case hi st or i es of  st ress measur ement s 

i n sof t  r ocks ar e al so i nt r oduced.

Geophysi cal  expl or at i on

Geophysi cal  expl or at i on has been wi del y used i n mi ni ng and pet r ol eum 

engi neer i ng f or  devel opi ng under gr ound r esour ces.  I n t he f i el d of  

const r uct i on i n Japan,  el ast i c wave expl or at i on wi t h a ref l ect i on met hod and 

el ect r i cal  expl or at i on wi t h a resi st i vi t y met hod have ver y of t en been used f or  

about  50 year s f or  i nvest i gat i on of  l ocal  geol ogy and gr ound wat er  i n si t es 

of  const r uct i ng t unnel s,  dams  and br i dge f oundat i ons,  i n l andsl i de areas,  and 

i n ar eas of  devel opi ng gr ound wat er .  Si nce t hen,  new expl or at i on met hods 

have been devel oped or  t he geophysi al  expl or at i on t echni ques used i n 

mi ni ng and pet r ol eum engi neer i ng have been appl i ed i n const r uct i on 

engi neer i ng wi t h some modi f i cat i on.

I n r ecent  year s,  geophysci al  expl or at i on i s al so used f or  eval uat i ng 

engi neer i ng pr oper t y of  r ock masses based on var i ous physi cal  l oggi ngs,  and 

f or  cl assi f yi ng r ock masses and gr ounds and est i mat i ng t hei r  geot echni cal  

const ant s based on geot omogr aphy wi t h el ast i c vel oci t y,  resi st i vi t y,  et c.  and 

ot her  t echni ques.  Techni que and accur acy,  of  det ect i ng anomal y i n 

under gr ound such as openi ngs and of  est i mat i ng t he di st r i but i on of  baser ock 

and t he l ocat i on and t he f r act ur i ng degr ee of  f aul t ,  ar e bei ng i mpr oved and 

put  i nt o pract i cal  use.

The cur r ent  st at e of  t hese expl or at i on met hods f or  sof t  r ock i s not  muc h 

di f f erent  f r om t hat  f or  har d r ock;  however ,  an i mpr ovement  i s bei ng made 

i n expl or at i on t echni ques f or  sof t  r ock.  Thi s sect i on f ocuses t he st at us of  

geophysi cal  expl or at i on met hods used especi al l y i n Japan.

CONCL UDI NG R E MA R K S

Techni cal  Commi t t ee on I ndur at ed Soi l s and Sof t  Rocks ( TC22)  has 

par t i ci pat ed i n var i ous act i vi t i es such as or gani zi ng a di scussi on sessi on i n 

i nt ernat i onal  meet i ngs,  publ i shi ng t echni cal  r epor t s and so on.  I t  has al so 

made an ef f or t  t o pr omot e i nt ernat i onal  cooper at i on and exchange of  

i nf or mat i on about  di f f i cul t i es i n deal i ng wi t h i ndur at ed soi l s and sof t  r ocks.  

As  an out come of  t he act i vi t y f r om 1989 t o 1993 of  t he t echni cal  commi t t ee,  

t he r epor t  " Test i ng met hods of  I ndur at ed Soi l s and Sof t  Rocks - Suggest i ons 

and Recommendat i ons"  i s publ i shed whi ch i s avai l abl e f r om t he Japanese 

Soci et y of  Soi l  Mechani cs and Foundat i on Engi neer i ng.

Wi t h r egar d t o cont i nuat i on of  t he commi t t ee act i vi t y,  Fr ench Commi t t ee 

wi l l  vol unt eer  t o sponsor  t he TC2 2  act i vi t y.  The past  TC2 2  act i vi t y wi l l  be 

pr esent ed i n t he Fr ench counci l  meet i ng and gener al  gui del i nes and 

suggest i ons as t o what  i s t o be st udi ed wi l l  t he summar i zed.  Possi bl e t er ms 

of  r ef er ence ar e r et ai ni ng st ruct ures,  under gr ound excavat i on and col l ect i on 

of  t he f i el d dat a i n cor r el at i on wi t h l abor at or y resul t s.

Member s  of  I SSMFE Techni cal  Commi t t ee on I ndur at ed Soi l s and Sof t  

Rocks ( 1989 - 1993)

Pr of . K. Akai  ( Chai r man,  Japan)  Dr . P. J. Huer go ( Bel gi um)

Pr of . T. Adachi  ( Secr et ar y,  Japan)  Pr of . I . W. Johnst on ( Aust r al i a)

Dr . D. G. Coumoul os ( Gr eece)  Dr . D. Mat heson ( Canada)

Dr . M. Coop ( UK)  Pr of . C. Ot eo ( Spai n)

Pr of . Desr ues ( Fr ance)  Pr of . L. Pi car el l i  (I t al y)

Dr . L. Dober ei ner  (Brazi l )  Mr . Ser r at r i ce ( Fr ance)

Member s  of  t he Japanese Local  Task For ce Commi t t ee ( 1989 - 1993)

Pr of . K. Akai  ( Chai r man)  Dr . Y. Ni shi gaki

Pr of . T. Adachi  ( Secr et ar y)  Dr . T. Ogawa

Mr . T. Asakur a Pr of . F.  Ok a

Mr . A. Denda Dr . T. Okamot o

Dr . M.  Hor i t a Pr of . T. Shi nj o

Dr . K. I shi kawa Dr . T. Sueoka

Dr . H. Maekawa Dr . A. Yashi ma

Dr . K. Ni shi  Dr . N. Yoshi da
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