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Inve st iga t ing Re sidua l M e t a m orph ics fo r Tunn e ls

Investigation des Roches Decomposees Metamorphiques pour Faire un Tunnel
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R.B. PECK P ast P re s id e n t, IS S M FE

SvNOT,SI S Deepl y weat her ed met amor phi c  r ocks under l i e many U.  S.  ci t i es.  The t r ansi t i on
zone bet ween r es i dual  soi l s and r ock of t en occur s at  t he dept hs wher e subway t unnel s must  be l o­
cat ed.  Adequat e t echni cal  descr i pt i on of  t he hi ghl y var i abl e t r ans i t i onal  mat er i al s  r equi r es not  
onl y  t he t r adi t i onal  appr oaches of  soi l  and r ock  nechani cs  but  al so qual i t at i ve descr i pt i ons i n 
whi ch t he behav i or  of  t he mat er i al  under  t he act i on of  excavat i ng t ool s i s j udged and descr i bed.

I NTRODUCTI ON

The east er n seaboar d of  t he Uni t ed St at es i s 
l ar gel y under l ai n by pr e- Cambr i an met amor phi c  
r ocks once exposed t o a l ong per i od of  weat her ­
i ng.  I n nany  ar eas coast al  pl ai n deposi t s  con­
s i st i ng of  Cr et aceous sedi ment s bl anket  t he 
weat her ed r ocks.  A t hi n mant l e of  mor e r ecent  
mat er i al s  may be f ound near  t he sur f ace.

I n t he nor t her l y  par t  of  t he coast al  ar ea gl a­
c i at i on has r enoved sur f i c i al  mat er i al  i ncl ud-  
i ne t he pr oduct s of  r ock weat her i ng of  t he 
pr e- Cambr i an met amor phi cs.  To t he sout h,  how­
ever ,  t he Cr et aceous i s of t en under l ai n bv a 
compl et e weat her i ng pr of i l e consi s t i ng of  r e ­
s i dual  soi l s,  a t r ans i t i on zone of  var i abl y 
weat her ed mat er i al s  wi t h soi l - l i ke pr oper t i es,  
and f i nal l y  r ock exhi bi t i ng sl i ght  t o negl i gi ­
bl e si gns of  weat her i ng.

Kany c i t i es ar e l ocat ed on t he Fal l  Li ne,  a 
zone mar ked bv wat er f al l s  and r api ds wher e t he 
coast al  pl ai n sedi ment s l ap ont o t he basement  
r ocks.  The power  t hat  coul d be devel oped at  
t he r al l  Li ne encour aged t he est abl i shment  of  
mi l l s  and f act or i es ar ound whi ch t he ci t i es 
gr ew.  Today beneat h t hese ci t i es t he t r ans i ­
t i on zone of  weat her ed mat er i al s  i s of t en 
f ound pr ec i sel y  at  t hose dept hs most  sui t abl e 
f or  t he cons t r uct i on of  subway syst ems and 
l ar ^e i nt er cept or  sewer s.  Consequent l y ,  r e ­
cent  subway syst ems i n Washi ngt on DC,  At l ant a,  
and Bal t i mor e have been const r uct ed at  l east  
par t l y  wi t hi n t he t r ans i t i on zone.

The pr oper t i es of  r es i dual  soi l s and t r ans i ­
t i onal  mat er i al s  have been i nvest i gat ed over  a 
per i od of  year s wi t h r espect  t o t he desi gn and 
cons t r uct i on of  f oundat i ons ( Sower s 1963) .  
Sui t abl e t echni ques have been devel oped f or  
deal i ng wi t h f oundat i on pr obl ems i n spi t e of  
t he i nher ent  var i abi l i t y  of  t he mat er i al s.  
Tunnel i ng,  however ,  has r ai sed an addi t i onal  
pr obl em:  how t o descr i be and char act er i ze t he 
mat er i al s ,  par t i cul ar l y  of  t he t r ans i t i on zone,  
so as t o convey t o desi gner s and pot ent i al  
const r uct or s  of  l ar ge t unnel s a pr oper  concep­
t i on of  t he behav i or  of  t he mat er i al s  t hat
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wi l l  be encount er ed.  Resol ut i on of  t he pr ob­
l em suggest s t hat  qual i t at i ve descr i pt i ons of  
t he mat er i al s  nay be as necessar y  as quant i t a ­
t i ve measur ement  of  t hei r  physi cal  pr oper t i es.  
Thi s s i t uat i on ar i ses pr i nc i pal l y  f r om t he 
var i abl e nat ur e of  t he t r ans i t i onal  mat er i al s .

WEATHERI NG PROFI LE I N HETAMOR̂ HI C ROCKS

The s i gni f i cance of  t he weat her i ng pr of i l e wi t h 
r espect  t o engi neer i ng act i v i t i es  was br ought  
f or cef ul l y  t o t he at t ent i on of  engi neer i ng 
geol ogi s t s  i n connect i on wi t h deepl y  weat her ed 
gr ani t e i n Hong Kong CRuxt on and Ber r y,  1957) .  
I n t hei r  mast er f ul  paper  on sl ope st abi l i t y  i n 
r es i dual  soi l s,  Deer e and Pat t on ( 1971)  de ­
scr i bed t he t ypi cal  weat her i ng pr of i l e f or  me-  
t amor phi c  r ocks and c l ass i f i ed t he pr of i l e i nt o 
t hr ee pr i nc i pal  zones,  Fi g.  1.  They poi nt ed 
out  t hat  t he t r ans i t i on zone,  I l a,  l y i ng be­
t ween t he sapr ol i t e above and t he par t l y  wea­
t her ed r ock bel ow,  i s t he seat  of  nany  eng i ­
neer i ng pr obl ems l ar gel y because i t  i s 
char act er i zed by a gr eat  r ange i n t he physi cal  
pr oper t i es of  i t s component s.  Accor di ng t o 
Deer e and Dat t on,  t hese component s " var y f r om 
soi l - l i ke mat er i al s  t o r ock- l i ke cor est ones.  
Cor est ones make up 10 t o 95 per cent  by vol ume 
of  t he t r ans i t i on zone.  The weat her i ng has 
t aken pl ace mor e r api dl y  al ong t he pr e- ex i s t -  
i ng j oi nt s and f aul t s and al ong l i t hol ogi c  
uni t s t hat  ar e mor e suscept i bl e t o weat her i ng.  
The soi l  bet ween t he cor est ones i s a medi um t o 
coar se sand whi ch can be r el at i vel y  cl ean,  or  
si l t y and ni caceous.  Thi s zone i s commonl y 
ver y per meabl e and wat er  l osses ar e of t en not ­
ed by dr i l l er s . . . "  Deer e and Pat t on def i ne 
cor est one as t he " . . .  t er m used t o descr i be 
an unweat her ed or  par t i al l y  weat her ed r ock 
cor e or  r emnant  of  a f or mer  l ar ger  j oi nt -  
bounded bl ock of  weat her ed r ock" .  Di f f i cul t i es  
i n t unnel i ng ar e obv i ous l y  r el at ed t o t he s i ze 
of  t he cor est ones wi t h r espect  t o t he si ze of  
t he t unnel ,  t he r es i s t ance of  t he cor est ones 
t hemsel ves,  and t he s t r engt h and pat t er n of  
occur r ence of  t he weaker  mat er i al s  bet ween t he 
cor est ones.  These weaker  mat er i al s  may or  may 
not  possess at  l east  a t r ace of  cohesi on.

Deer e and Dat t on' s  di agr am,  Fi g.  1,  suggest s 
t hat  cor est ones ar e l i kel y t o be mor e or  l ess 
equi d i mens i onal . Subsequent l y ,  i n descr i bi ng 
condi t i ons al ong t he Gl enmont  Rout e of  t he 
Washi ngt on DC Met r o Syst em,  Pat t on ( 197 4)  r e ­
cogni zed t hat  t he shape of  t he unweat her ed or  
s l i ght l y  weat her ed el ement s i n weat her ed me-  
t amor phi c  r ocks mi ght  t end t o be l ent i cul ar  
as a r esul t  of  t he bandi ng of  t he par ent  r ocks,  
and al so as a consequence of  di kes and ot her  
el ongat e f eat ur es.  He descr i bed t hese el e­
ment s as " har der  pocket s or  bands of  mor e 
r ock- l i ke mat er i al s" .

Al t hough al l  nat ur al  depos i t s  ar e var i abl e t o 
gr eat er  or  l ess degr ees,  a spec i f i c  physi cal  
pr oper t y  can usual l y  be char act er i zed ade-  
ouat el y bv i t s mean val ue and some st at i s t i cal  
measur e of  t he var i at i on f r om t he mean.  I n 
t he t r ans i t i on zone,  however ,  t he var i abi l i t y  
i t sel f  becomes,  wi t h r espect  t o t unnel i ng,  a 
s i gni f i cant  i f  not  t he most  s i gni f i cant  pr o­
per t y.  Thi s f act  shoul d be t aken i nt o cons i d­
er at i on i n any pr ogr am of  expl or at i on f or

t unnel i ng,  and shoul d be r ef l ec t ed i n t he 
document s pr epar ed f or  i nf or mat i on of  t he bi d­
der s .

ADEQUATE DESCRI PTI ON FOR TUNNELI NG

Unf or t unat el y ,  cont r act  document s f or  t unnel s,  
at  l east  i n t he Uni t ed St at es,  have t r ad i ­
t i onal l y  cont ai ned onl y t wo bi d i t ems f or  t un­
nel  excavat i on:  ear t h ( or  soi l ) ,  and r ock.
Thi s s i mpl i s t i c  v i ew has l ed t o many mi sunder ­
s t andi ngs and much l i t i gat i on.  Once a con­
t r act or  has commi t t ed hi msel f  t o a met hod of  
t unnel i ng and t o hi s t ool s f or  excavat i ng,  
whet her  f or  soi l  or  r ock,  changes ar e cost l y.  
Mi xed f aces,  wher ei n unquest i oned soi l  over ­
l i es unquest i oned r ock,  have j ust l y ear ned a 
r eput at i on f or  di f f i cul t y  and hi gh cost .  Yet ,  
t unnel i ng i n t he t r ans i t i on zone of  r ock wea­
t her i ng,  wher e t he mat er i al s  ar e i n f act  nei ­
t her  soi l  nor  r ock,  i s pot ent i al l y  mor e 
f r aught  wi t h uncer t ai nt i es.  Hence,  i t  be ­
comes even mor e i mpor t ant  and di f f i cul t  t o de­
scr i be t he mat er i al  at  a gi ven si t e.  The pr os ­
pect i ve bi dder  needs t o know what  equi pment  he 
can expect  t o use t o excavat e t he mat er i al s ,  
and what  t he suppor t  r equi r ement s  wi l l  be.  
Shoul d he use a shi el d? I f  he uses a shi el d,  
can i t  be pushed ahead of  t he f ace or  must  an 
excavat i on be made i nt o whi ch t he shi el d can 
be advanced? What  wi l l  be t he most  ef f i c i ent  
means of  excavat i ng? Wi l l  bl ast i ng be r e ­
qui r ed? Wi l l  pr edr ai nage,  gr out i ng,  or  com­
pr essed ai r  be r equi r ed? Woul d a s l ur r y - f aced 
or  bal anced- pr essur e machi ne be f easi bl e?

For  mat er i al s  possess i ng at  l east  a t r ace of  
cohes i on,  a usef ul  i ndi cat or  of  t unnel i ng 
met hods and di f f i cul t i es  i s of t en t he uncon­
f i ned compr ess i ve st r engt h.  I n t he t r ans i t i on 
zone,  t he unconf i ned compr ess i ve s t r engt h 
woul d i ndeed be usef ul  i f  maps coul d be pr e­
par ed showi ng i n det ai l  t he var i at i on of  
st r engt h over  ent i r e successi ve f aces of  t he 
advanc i ng headi ng.  One coul d t hen det er mi ne 
t he l ocat i on and di mensi ons of  t he har dest  ma ­
t er i al s,  j udge whet her  t hey woul d i nt er f er e 
wi t h advanc i ng a shi el d,  and sel ect  ef f ect i ve 
excavat i ng t ool s.  One coul d al so det er mi ne 
t he st r engt h and di s t r i but i on of  t he weakest ,  
soi l - l i ke,  const i t uent s ,  j udge t he t ool s ne­
cessar y t o excavat e t hem,  and most  i mpor t ant l y  
j udge whet her  excavat i on of  t he sof t  mat er i al s  
woul d per mi t  over l y i ng har d bl ocks or  el ement s 
t o f al l  or  t o be pr i ed i nt o t he headi ng.  Even 
t hough t he r ock- l i ke el ement s,  such as cor e­
st ones or  bands,  mi ght  appear  t oo har d f or  
excavat i on wi t h ear t h equi pment ,  i t  mi ght  pr ove 
unnecessar y  t o at t ack t hem di r ect l y.  Thus,  t he 
compr ess i ve st r engt h ( or  t he l ack of  any cohe­
s i on)  of  t he weaker  mat er i al s  sur r oundi ng t he 
bl ocks mi ght  be at  l east  as s i gni f i cant  as t he 
s t r engt h of  t he har d bl ocks t hemsel ves.  The 
di mensi ons of  t he bl ocks r el at i ve t o t he si ze 
of  t he headi ng woul d be key f act or s i n gover n­
i ng whet her  excavat i on coul d pr oceed by at t ack ­
i ng t he soi l - l i ke mat er i al s ,  under mi ni ng t he 
l ar ger  bl oc k s , and al l owi ng t hem t o come i nt o 
t he headi ng.

Dec i s i ons of  t hi s sor t  ar e cr uci al  t o det er ­
mi ni ng t he k i nd of  equi pment  and est i mat i ng 
t he r at e of  advance of  t he pr oposed t unnel .
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vet ,  bv bor i ng,  sampl i ng,  and t est i ng,  i t  i s 
economi cal l v  and pr act i cal l y  i mpossi bl e t o 
devel op a suf f i c i ent l y  det ai l ed pat t er n of  t he 
compr ess i ve st r engt h of  t he depos i t  t o per mi t  
r eachi ng such dec i s i ons.  Hence,  al t hough bor ­
i ng,  sampl i ng,  and t est i ng woul d be necessar y 
t o def i ne t he gener al  boundar i es bet ween t he 
zones and woul d pr ov i de knowl edge of  t he r ange 
of  compr ess i ve st r engt hs,  such a pr ogr am coul d 
not  pr ov i de t he necessar y  i nf or mat i on about  
t he pat t er n of  st r engt hs of  t he mat er i al s  t o 
be encount er ed.  Thi s pat t er n,  r ef l ect i ng not  
onl y t he var i at i ons i n st r engt h but  t he appr ox ­
i mat e di mens i ons of  t he r ock- l i ke and soi l - l i ke 
el ement s,  must  be known i n at  l east  a gener al  
wav bef or e const r uct i on.

To pr ovi de t he necessar y  i nf or mat i on,  t he 
quant i t at i ve dat a so char act er i s t i c  of  soi l  
mechani cs  needs t o be suppl ement ed by qual i t a ­
t i ve descr i pt i ons based on v i sual  obser vat i ons 
i n l ar ge t est  pi t s,  t est  shaf t s or  near by ex ­
cavat i ons,  or  on r ef er ences f r om ot her  near by 
pr oj ect s i n essent i al l v  t he same geol ogy.  I n 
many i nst ances t he most  s i gni f i cant  i nf or mat i on 
obt ai ned i n t he ent i r e expl or at or y  pr ogr am i s 
t he ver bal  descr i pt i on.  Consi der ,  as an exam­
pl e,  t he descr i pt i on i n t he cont r act  document s 
of  r es i dual  mat er i al s  on t he Bal t i mor e t r ansi t  
s ys t em:

" The r es i dual  mat er i al s  wer e f or med t hr ough 
pr ocesses of  weat her i ng and chemi cal  decompo­
s i t i on of  t he par ent  r ock f or mat i on and usual ­
l y ex i st  as a gr adat i onal  weat her i ng pr of i l e.

" Those mat er i al s  whi ch have decomposed t o t he 
degr ee wher e t hev have l ost  t hei r  v i s i bl e r em­
nant  r ock s t r uct ur e or  have been r ewor ked f ol ­
l owi ng par t i al  decompos i t i on and have char ac ­
t er i s t i cs whi ch suggest  r el at i on t o t he 
under l y i ng mat er i al s  ar e des i gnat ed Res i dual  
Soi l  ( RS) .  The maj or  or  t ot al  component  of  
t hi s mat er i al  i s soi l - l i ke,  al t hough i t  may 
cont ai n r ock f r agment s,  most  of  whi ch ar e f r i ­
abl e.  Thi s mat er i al  does not  usual l y  exhi bi t  
r emnant  r ock s t r uct ur e such as schi st os i t y  or  
r el i c t  j oi nt s.  St andar d penet r at i on Test s i n 
t hi s mat er i al  may have a wi de r ange of  r esul t s 
gr eat er  or  l ess t han 100 bl ows per  f oot .

" Res i dual  mat er i al  des i gnat ed as Res i dual  Zone 
#1 ( RZ- 1)  i s cons i der ed t r ans i t i onal  bet ween 
Resi dual  Soi l  and t he l ess decomposed Res i dual  
Zone #2,  I t  consi s t s  of  mat er i al  der i ved f r om 
t he i n- s i t u decompos i t i on of  t he par ent  r ock 
wi t h soi l - l i ke component s and par t i al l y  wea­
t her ed and/ or  f r esh r ock component s.  RZ- 1 ma­
t er i al  usual l y  r et ai ns some cohes i on of  t he 
par ent  r ock and exhi bi t s  v i s i bl e r emnant  r ock 
st r uct ur e such as schi st os i t y  and r el i c t  
j oi nt s.  Mat er i al s  i n t hi s zone can nor mal l y  be 
sampl ed wi t h soi l  sampl i ng t echni ques.  I n 
most ,  but  not  al l ,  cases t he St andar d Penet r a­
t i on Test  r esul t s  ar e gr eat er  t han 100 bl ows 
per  f oot .

" I n a f ew cases,  RZ- 1 mat er i al  was cor ed t o 
pr ov i de a cont i nuous sampl e.  The mat er i al  i n 
t he RZ- 1 zone and i t s const i t uent s,  when t he 
mat er i al  i s di saggr egat ed by hand or  us i ng mor ­
t ar  and pest l e,  ar e descr i bed as soi l s.

" Resi dual  Zone #2 mat er i al  i s r ock- l i ke,  bei ng 
der i ved by par t i al  decompos i t i on of  t he par ent

r ock wi t h par t i al l y  weat her ed and/ or  f r esh r ock 
component s.  Thi s  mat er i al ,  i n- si t u,  usual l y  
r et ai ns r ock st r uct ur e and cons i der abl e 
s t r engt h of  t he par ent  r ock.  The RZ- 2 mat er i al  
i s commonl y  het er ogeneous wi t h r espect  t o wea­
t her i ng r angi ng f r om decompos i t i on t hr oughout  
t he ent i r e body t o par t i al  decompos i t i on 
t hr oughout  t he mat er i al .  Thi s mat er i al  cannot  
usual l y  be di saggr egat ed by hand and i s de­
scr i bed wi t h r ock  descr i pt i ons,  not at i on of  
soi l - l i ke mat r i x  or  f i l l er  when appr opr i at e,  
and a not at i on of  t he RZ- 2 des i gnat i on.  Mat er ­
i al  i n t hi s zone usual l y  r equi r es r ock  sampl i ng 
t echni ques t o obt ai n speci mens f r om bor ehol es.

" I t  shoul d be not ed t hat  al t hough t he r es i dual  
mat er i al s  have been cat egor i zed by t he af or e­
ment i oned c r i t er i a,  t he t r ans i t i ons bet ween RS,  
RZ- 1,  RZ- 2 and Rock ar e f r equent l y  not  shar p 
boundar i es  as may be i nf er r ed f r om t he bor i ng 
l ogs.  Al so,  one or  mor e zones may not  be pr es ­
ent  above t he basement  r ock at  al l  l ocat i ons.  
The i nt er f ace bet ween RZ- 2 and Rock does not  
i mpl y t hat  decompos i t i on has not  occur r ed bel ow 
t hi s l evel .  The ef f ect s of  decompos i t i on ar e 
hi ghl y  var i abl e and t he ass i gnment  of  mat er i al s  
t o a speci f i c  r es i dual  zone i s j udgment al . "

To c l ar i f y  t he di s t i nc t i on bet ween t he " soi l ­
l i ke"  RZ- 1 and t he " r ock- l i ke"  RZ- 2,  t he geo­
t echni cal  dat a f ur ni shed t o t he bi dder s as par t  
of  t he cont r act  document s cont ai n t he f ol l owi ng 
addi t i onal  comment s concer ni ng RZ- 1:  " Our  eval ­
uat i on . . . i ndi cat es t hat  i t  wi l l  t end t o act  
as a ver y har d,  ver y dense,  s l i ght l y  cohes i ve 
t o cohes i ve soi l  t hr oughout  most  of  t he zone 
and be r emovabl e by power  hand t ool s.  However ,  
t her e wi l l  be ar eas of  unpr edi c t abl e but  l esser  
ext ent  of  par t i al l y  weat her ed and/ or  f r esh r ock 
mat er i al s  whi ch may r equi r e ot her  means of  ex ­
cavat i on"  .

Ver bal  descr i pt i ons of  t hi s t ype may be mor e 
meani ngf ul  t han t he r esul t s  of  a ser i es of  
t est s.  I t  woul d i ndeed be di f f i cul t  i n t he 
r es i dual  mat er i al s  t o whi ch t he pr ecedi ng de­
scr i pt i on appl i es t o sel ect  appr opr i at e sam­
pl es f or  t est s or  t o det er mi ne t he most  appr o­
pr i at e t ypes of  t est s.  Never t hel ess,  t he f or ­
mul at i on of  accur at e ver bal  descr i pt i ons f or  
some f or mat i ons r equi r es car ef ul  l abor at or y 
and f i el d wor k  i nc l udi ng t est s.  When sui t abl e 
descr i pt i ons have been devel oped,  however , t hey 
ar e i nval uabl e i n t wo r espect s.  They ar e t he 
best  means of  conveyi ng t o al l  par t i es an accu­
r at e concept i on of  t he k i nds of  mat er i al s  
l i kel y t o be encount er ed,  and t hey def i ne t he 
zones al ong t he t unnel  r out e wher e quant i t a ­
t i ve dat a ar e needed.  I n shor t ,  such descr i p ­
t i ons i ncor por at ed i n a geol ogi c  pr of i l e assi st  
t he engi neer  i n j udgi ng what  spec i f i c  pr obl ems 
may be encount er ed at  di f f er ent  l ocat i ons,  i n 
det er mi ni ng what  mor e spec i f i c  expl or at i on i s 
r equi r ed,  and i n dec i di ng what  appr oaches have 
t he best  poss i bi l i t y  of  gi v i ng quant i t at i ve 
dat a t hat  may be necessar y  f or  des i gn or  con­
st r uct i on.

" The mor e " soi l - l i ke"  por t i on of  t he t r ans i t i on 
zone,  cat egor i zed as RZ- 1 i n t he Bal t i mor e do­
cument s,  cont ai ns much mat er i al  so weat her ed 
t hat  i t  can be di saggr egat ed by hand.  The d i s ­
aggr egat ed const i t uent s can be subj ect ed t o 
c l ass i f i cat i on t est s and c l ass i f i ed i n accor d­
ance wi t h t he Uni f i ed Cl ass i f i cat i on Syst em.
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Commonl y,  t hey f al l  i nt o t he ML,  CL,  SC and SM 
cat egor i es.  However ,  t o c l ass i f y  t he RZ- 1 ma ­
t er i al s  pr i mar i l y  on t he basi s of  t he UCS woul d 
be mi s l eadi ng because t he behav i or  of  t he i n­
t act  weat her ed mat er i al s  i s r adi cal l y  di f f er ent  
f r om t hat  of  i t s di saggr egat ed const i t uent s.
By cat egor i z i ng t he mat er i al s  f i r st  as RZ- 1,  
at t ent i on i s cal l ed t o t hei r  r es i dual  and t r an­
s i t i onal  nat ur e.  The UCS des i gnat i on,  added 
as a suppl ement ,  does not  t hen convey an er r o­
neous i mpr essi on.

As poi nt ed out  bv Deer e and Dat t on,  t he t r ans i ­
t i on zone i s commonl y per meabl e and wat er  
l osses ar e of t en not ed by t he dr i l l er s.  The 
seat  of  t he per meabi l i t y  i s t he hi ghl y  weat her ­
ed soi l - l i ke mat r i x  whi ch of t en i s cohesi onl ess 
or  onl y  f eebl y  cohesi ve.  Even modest  seepage 
t hr ough t hi s nat r i x  mav r ender  t he f ace uns t a­
bl e by i ni t i at i ng r avel i ng whi ch may devel op 
r api dl v  i nt o a f l ow.  Cont r ol  of  t he seepage i s 
essent i al .  Yet  t he mat r i x  i s hi ghl y  var i abl e 
wi t h r espect  t o bot h geomet r y  and per meabi l i t y ,  
so t hat  compl et e dewat er i ng i s di f f i cul t  or  
i mpr act i cabl e and chemi cal  gr out i ng pr obl ema­
t i cal .  Compr essed ai r ,  on t he ot her  hand,  has 
been hi ghl y  ef f ec t i ve i n s t abi l i z i ng t he f ace 
and mi ni mi z i ng set t l ement .

I nvest i gat i on of  per meabi l i t y  by t est s i n dr i l l  
hol es i s usef ul ,  but  i nf er ences concer ni ng 
seepage and i t s ef f ect s on t unnel i ng ar e at  
best  uncer t ai n.  I n bot h Washi ngt on DC and Bal ­
t i mor e,  a deep t est  shaf t  was excavat ed t o per ­
mi t  descr i pt i on of  t he mat er i al s ,  t o assess t he 
ef f i cacy of  pr edr ai nage,  and t o j udge t he i n­
f l uence of  seepage on t he mat er i al s .  The 
shaf t s pr oved t o be val uabl e i n t he ear l y 
st ages of  t he pr oj ect s.  As act ual  t unnel i ng 
exper i ence was acqui r ed,  need t o r el y  on t he 
shaf t  dat a di mi ni shed.

CONCLUSI ON

As mi ght  be expect ed,  nei t her  t he t r adi t i onal  
soi l - mechani cs appr oach of  bor i ng,  sampl i ng,  
and t est i ng,  nor  t he t r adi t i onal  r ock- mechani cs 
appr oach of  dr i l l i ng,  cor i ng,  and i dent i f y i ng 
and descr i bi ng j oi nt s and shear  zones i s f ul l y 
adequat e or  appr opr i at e f or  t he t r ul y  i nt er me­
di at e or  t r ans i t i onal  mat er i al s  r angi ng f r om 
r es i dual  soi l s t o par t i al l y  weat her ed r ock.  
Techni ques must  be bor r owed f r om bot h d i s c i ­
pl i nes.  Of  equal  i mpor t ance wi t h sampl i ng and 
t est i ng by soi l - mechani cs t echni ques i s geol o­
gi cal  f i el d wor k  i n t he v i c i ni t y  t o det er mi ne 
pat t er ns of  j oi nt i ng,  shear i ng,  and weat her i ng.  
Al l  dat a obt ai ned i n t hese f ashi ons shoul d be 
pr esent ed i n t he bi d document s.  At  l east  as 
i mpor t ant ,  mor eover ,  ar e qual i t at i ve descr i p ­
t i ons i n whi ch t he behav i or  of  t he mat er i al  
under  t he act i on of  excavat i ng t ool s i s j udged 
and descr i bed.  Ver bal  descr i pt i ons,  necessar i ­
l y i nvol v i ng i nt er pr et at i ons,  and t her ef or e 
necessar i l y  subj ect i ve,  seem never t hel ess t o be 
essent i al  i ngr edi ent s i n at t empt i ng t o por t r ay 
t he s i gni f i cant  t unnel i ng f eat ur es of  t hese 
mat er i al s .

Al t hough bot h soi l  mechani cs  and engi neer i ng 
geol ogy have made gr eat  pr ogr ess i n r ecent

decades by v i r t ue of  becomi ng mor e quant i t a ­
t i ve,  much of  val ue r emai ns i n qual i t at i ve de­
scr i pt i ons .

The essent i al  aspect s of  t he var i abi l i t y  of  
t he t r ans i t i on zone can at  pr esent  be conveyed 
mor e successf ul l y  t hr ough car ef ul  descr i pt i ons 
and i nt er pr et at i ons t han by quant i t at i ve dat a 
al one.

ACKNOWLEDGMENTS

The ver bal  descr i pt i ons and c l ass i f i cat i on f or  
t he Bal t i mor e subway wer e devel oped by t he Rob­
er t  B.  Bal t er  Co. ,  Gener al  Soi l s Consul t ant  f or  
t he pr oj ect  under  t he gui dance of  t he Gener al  
Consul t ant s Dani el ,  Mann,  Johnson 6 Mendenhal l /  
Kai ser  Engi neer s,  and wi t h t he ass i s t ance of  
Dr .  Tor  L.  Br ekke and t he wr i t er .  The desc r i p ­
t i ons and c l ass i f i cat i on ar e cons i der ed t o be 
appl i cabl e t o t he l ocal  condi t i ons onl y,  and 
ar e not  i nt ended as a gener al  model .

REFERENCES

Deer e,  D U E  Pat t on,  F D ( 1971) .  Sl ope s t abi l ­
i t y i n r es i dual  soi l s.  Pr oc 4t h Panamer i can 
Conf ,  ( 1) ,  87- 170,  San Juan.

Ruxt on,  B P S  Ber r y,  L ( 1957) .  Weat her i ng of  
gr ani t e and assoc i at ed er os i onal  f eat ur es i n 
Hong Kong.  Bul l  Geol  Soc of  Am ( 68) ,  No 10,  
1263- 1291.

Pat t on,  F D ( 1974) .  Pr el i mi nar y  engi neer i ng 
geol ogy st udy,  Gl enmont  Rout e,  Sect i ons B009,  
B010,  and B011,  Washi ngt on,  DC Met r o Syst em.

Sower s,  G F ( 1963) .  Engi neer i ng pr oper t i es  of  
r es i dual  soi l s der i ved f r om i gneous and me-  
t amor phi c  r ocks.  Pr oc 2nd Panamer i can Conf ,  
( 1) ,  39- 62,  Sao Paul o.

344


