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SYNOPSI S Thi n bl ack seams,  of t en sl i ckensi ded,  are f ound scat tered t hroughout  resi dual  soi l s deri ved f rom i gneous and met amor phi c 
rocks.  These seams are composed of  compl ex i ron-manganese organi c compounds that  fi l led ol d j oi nt  cracks in the ori gi nal  rock.  The 
sl i ckensi ded surfaces exhi bi t  l ess t han hal f  the shear st rength of  the host  soi l ; the unsl i ckensi ded seams somewhat  more.  The bl ack seams 
and part i cul arl y t hose that  are sl i ckensi ded,  const i tute pl anes of  weakness al ong whi ch l andsl i des occur,  al t hough the host  mass may be 
general l y stable. They al so f ocus soi l  expansi on upon excavat i on paral l el  to thei r ori entat i on.

I NTRODUCTI ON

Resi dual  soi l s devel oped f r om the i n-pl ace weat her i ng of  i gneous 
and met amor phi c rocks of t en cont ai n thi n, bl ack seams of  
weakness.  Such seams have been observed by the aut hors in 
resi dual  soi ls i n Indi a,  Panama,  Col ombi a,  Puer t o Ri co,  and at 
many l ocat i ons i n the Pi edmont  regi on of  the Sout hern Uni t ed 
States. Al t hough t hey have general l y been over l ooked by engi neers 
and geol ogi sts,  the aut hors have f ound t hem to be di rect l y 
responsi bl e for numer ous smal l  but  expensi ve l andsl i des as wel l  as 
ot her earth movement s/  It was the purpose of  thi s st udy to 
i nvest i gate t he nat ure of  these weaknesses and thei r ef fect  on the 
st rength of  the host  resi dual  soi l , and to correl ate thei r i nci dence 
wi t h earth fai lures.

THE BLACK SEAMS

The engi neeri ng nat ure of  resi dual  soi l s f r om i gneous and 
met amor phi c rocks has been report ed previ ousl y by Vargas (1953)  
i n Brazi l , Lumb (1965)  i n Hong Kong and Sowers (1963).  They 
general l y consi st  of  sandy si l ts and si l ty sands wi t h smal l  amount s 
of  cl ay and varyi ng amount s of  mi ca.  Al l  but  the uppermost  
port i ons of  most  resi dual  soi l  deposi t s exhi bi t  st ructure of  the 
parent  rock i n the al i gnment  of  mi neral s and the fol i at i on and 
segregat i on of  t he mi neral s i nto bands of  di f ferent  col ors. Such 
rocks that  have decomposed to t he t exture of  soi l s but  retai n the 
rel ic st ructure of  t he ori gi nal  f ormat i on are t ermed saprol i tes. 
Al t hough thei r voi d rat i os are hi gh,  because of  t he expansi on that 
accompani es weat heri ng,  t hey are general l y st rong.  Thei r  drai ned 
st rength is made up of  bot h t rue cohesi on,  (probabl y f r om resi dual  
mi neral  bonds in the ori gi nal  rock and some cement i ng f r om i ron 
oxi di des) and i nternal  fri cti on. As a resul t  the soi l s can of t en stand 
unsuppor t ed i n deep verti cal  cuts and excavat i ons.

Scat tered at r andom i n most  of  t he saprol i tes the aut hors have 
exami ned are al i en seams of  a bl ack mi neral .  The seams are thin, 
typi cal l y 1/8 in. t o 1 in. or  3 to 25 mm thi ck. Over  di stances ol  
about  100 ft. or 30 m t hey are pl ane or gent l y curved but  tl ioj :irv 
war ped and ri ppl ed as much as 15 cm f r om thei r general  t rend

Some appear to paral l el  the f l ow bandi ng or schi stoci ty of  the 
rock,  but  most  cut  across the rel ic st ructure wi t h r andom 
ori entat i on.  They are of t en concent rat ed in smal l  areas or bands,  
less t han 50 ft or 15 m across, and may be absent  f rom an 
adj oi ni ng area of  comparabl e size. The bl ack scams are qui te 
evi dent  i n fresh excavat i ons where thei r bl ack col or cont rasts wi t h 
the reds, yel l ows and grays of  the mass,  l i ke pai nted l i nes on the 
excavat i on face.

Si mi l ar bl ack seams have been f ound in resi dual  soi l s deri ved f rom 
sedi ment ary rocks,  part i cul arl y sandst ones and tuffs. The aut hors 
have not  seen t hem in soi ls deri ved f rom shale. They have rarel y 
f ound t hem in soi ls deri ved f rom sandy l i mest one and shal ey 
l i mestone.

Some of  the scams appear structurel ess as if t hey were made up of  
cement ed coal  dust.  Many,  however,  are sl i ckensi ded.  If so, the 
scam breaks apart  al ong a smoot h,  waxy surface, that  somet i mes 
has a sl i ck feel  in one di rect i on and a rough feel  in the opposi t e 
that is characteri st i c of  sl i ckensi di ng. Stri at i ons, al so typi cal  of  
sl i ckensi di ng. are common.

Al t hough some cross stri at i ons suggest  sl i ckensi di ng or movement  
in mor e t han one di rect i on the ori entat i on of  the bl ack seams and 
the sl i ckensi di ng does not  appear associ ated wi t h any known 
tectoni c movement s or wi t h fossi l  l andsl i des. These surfaces are 
i nt i matel y associ ated wi t h fresh earth movement s that  occur  in 
deep cut  sl opes for hi ghways,  rai l roads, and canal s unbraced or 
poorl y braced excavat i ons,  and in bui l di ng f oundat i on.  Gupt on 
(1965)  bl amed t hem for a number  of  fai lures. The aut hors have 
i nvest i gated a number  of  cases where fai l ures have f ocused on the 
bl ack seams and where convent i onal  stabi l i ty anal yses,  based on 
the st rength of  the resi dual  soi l  mass as a whol e,  have f ound 
adequat e margi ns of  safety.

l . ABORAI Oi n SI I DYOI  HI  AC' K SEAMS

In i ' uLi  ■ mu- i r -MU-  i l \ i. 11ics of  the bl ack seams i n detai l
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mor e t han 50 sampl es were secured f r om a f resh cut  sl ope i n t he 
At l ant a Cul t ural  Center.  The resi dual  soi l  prof i l e at t he si te is 
shown i n Fi g. 1 and is typi cal  of  t he regi on.

PRELI MI NARY TESTI NG

The sampl es were obt ai ned by careful l y dri vi ng 4 i nch di amet er,
12 i nches i n l ength,  thi n wal l ed steel  t ubi ng i nto t he soi l . Af t er the 
excess soi l  was t r i mmed f r om around t he sampl e,  t he t ube wi t h 
t he encased materi al  was r emoved and t he ends waxed.  Pri or to 
t he dri vi ng, t he sampl e t ubes were posi t i oned to ori ent  t he bl ack 
seam on a cri ti cal  pl ane for sheari ng.  Sampl es of  t he host  saprol i te 
were al so t aken for comparat i ve test i ng purposes.

The sampl es wer e tested for grai n si ze di st ri but i on and t he val ues 
were obt ai ned as shown i n Fi g. 2. The resul ts of  thi s test i ng 
i ndi cate there is no appreci abl e di f f erence bet ween the grai n size 
di st ri but i on for t he bl ack seams wi t h t he sl i ckensi des and t hose 
wi t hout .  The bl ack seam materi al s tested are f i ne si l ty sands wi t h 
no plasti ci ty. The host  soi l s were general l y si l ts and sandy si l ts 
wi t h pl asti ci ty i ndexes of  l ess t han 15.
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Fi g. 1 Typi cal  soi l  prof i l e i n resi dual  soi l s deri ved f rom 
decomposi t i on of  i gneous and met amor phi c rocks

The upper  st rat um of  red sandy cl ays is i n a state of  advanced 
weat her i ng and t he bl ack seams are obl i terated or  badl y al tered by 
l eachi ng.  In t he i nt ermedi at e or saprol i te zone t hey f or m a 
r andoml y ori ented pat tern of  bl ack l i nes super i mposed on the 
candy-st ri ped gnei ssi c soi l . Sti l l  deeper,  t he seams f ade i nto t he less 
weat hered rock.  Near l y all t he seams at thi s si te were sl i ckensi ded.

The sl i ckensi des are general l y cent ered wi t hi n t he seams wi t h t wo 
si mi l ar surfaces, face to face. The surfaces can show one or mor e 
sets of  groove mar ks i ndi cat i ng mor e t han one di rect i on of  
movement .  The sl i ckensi des have a gl ossy or waxy texture wi t h 
mi ca f l akes ori ent ed paral l el  t o t he sl ick. Of t en,  t he bl ack 
materi al s wi t hi n t he seams appear  as f l akes el ongat ed i n the 
di rect i on of  movement  and wi t h t he part i cl e l ength and t hi ckness 
i ncreasi ng as t he di stance f r om the sl i ck surface i ncreases.

Fi g. 2 Grai n si ze di st ri but i ons for host  resi dual  soi l  and bl ack 
seams

Permeabi l i t i es of  t he bl ack materi al  were al so measured.  Sampl es 
wi t h t he bl ack sl i ckensi des were pl aced i n a fal l i ng head 
per meamet er  and t he permeabi l i t y measured across t he seam.  
Val ues of  1 to 2 x 10-4 cm per sec wer e obt ai ned f r om the test.

Chemi cal  anal ysi s were al so per f ormed on the bl ack materi al s.  The 
typi cal  resul ts are gi ven i n Tabl e 1.

Tabl e 1 Chemi cal  Anal ysi s of  Bl ack Seam

Moi st ure Cont ent  21.5
Fe J Oj  (Per Cent  by Wei ght )  7. 6 t o 15.5
MnOj  0. 0
Loss on Igni t i on @ 600 C.  9.5
Chemi cal  Oxygen Demand on Igni t i on 0.0
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The l ack of  oxygen demand i ndi cates l ittle or  no organi c materi al  
was present  that  coul d bum.  The l oss on i gni t i on, however ,  coul d 
represent  carbon di oxi de f r om wel l  oxi di zed organi cs or wat er  ti ed 
i nto t he crystal  st ructure of  t he mi neral .

X-ray and mi croscope studi es i ndi cate the bl ack materi al  occurs as 
very thi n coat i ngs on mi neral  grai ns, most  commonl y on mi cas.  
The coat i ng is so thi n that  it is vi rtual l y i mpossi bl e to separate it 
f r om t he mi neral  surface.  Thus,  wet  chemi cal  t echni ques are of  
l i ttle val ue for st udyi ng t he composi t i on of  t he bl ack materi al .

X-ray f l uorescence and el ect ron mi croprobe studi es of  the smoot h 
bl ack surfaces and the materi al  underl yi ng t he bl ack surfaces show 
that  manganese (Mn),  i ron (Fe),  and carbon (C) are concent rat ed 
i n the bl ack materi al .  In t he f ew sampl es st udi ed bot h Mn and C 
appeared to be mor e abundant  t han Fc.  One sampl e was t reated 
wi t h a vari ety of  reagent  to get  t he bl ack materi al  i nto sol ut i on.  
Anal ysi s of  t he sol ut i on showed it was composed of  20. 3% Mn and 
79. 7% of  a tanni nl i gi n-l i ke substance.  The bl ack materi al  reacts 
vi ol ent l y wi t h H202 i ndi cat i ng t he presence of  carbon and 
manganese.

It is hypot hesi zed,  therefore,  that  the bl ack materi al  is composed 
of  a humi c subst ance combi ned wi t h varyi ng amount s of  Mn and 
Fe.  In surface and near surface soi l s humi c compounds commonl y 
coat  mi neral  surfaces,  part i cul arl y the cl ay mi neral s and mi cas,  and 
are so st rongl y bonded to the mi neral  that  t hey are not  sol ubl e i n 
al kal i ne sol ut i ons.

Sampl es of  weat hered bi ot i te and kaol i ni te were added to humi c 
aci d sol ut i ons ext ract ed f r om the A hor i zon of  a saprol i te. Over  
peri ods rangi ng f r om several  hours to several  days,  the humi c 
materi al  was r emoved f r om Sol ut i on and deposi t ed on the mi neral  
surfaces. Thi s was accompani ed by a decrease i n pH.

STRENGTH TESTS

Represent at i ve sampl es of  t hree basi c soi l  t ypes were sel ected for 
consol i dat ed undrai ned ( CU or R)  tri axial  shear testi ng: a seri es of  
sampl es represent i ng t he host  saprol i te, a second seri es cont ai ni ng 
t he bl ack seams but  not  t he sl i ckensi des, and t he last seri es 
cont ai ni ng t he bl ack seam wi t h sl i ckensi des. The sampl es were 
ori ent ed wi t h t he seams crossi ng the speci mens at an approxi mat e 
angl e of  45 degrees.  The vi rgi n soi l s were al so ori ented wi t h a 
fol i at i on crossi ng t he sampl e at approxi mat el y 45 degrees.  The 
resul ts show typi cal  exper i ment al  scat ter but  the average val ues are 
gi ven i n Fi g. 3.

The resul ts i ndi cate t he seams wi t h sl i ckensi des have l ower 
st rengths,  general l y hal f  t o 2/ 3 of  t he st rength for the host  or 
vi rgi n soi ls. The bl ack seams wi t hout  t he sl i ckensi des have 
somewhat  hi gher st rength val ues but  are still l ower  t han the val ues 
for t he surroundi ng resi dual  soi ls. Bot h the 0 and c val ues were 
l ower  i n t he bl ack seams t han i n the host  soi ls. When the seams 
wer e present ,  shear movement  was conf i ned to t he seams rather 
t han the host  materi al .  The observed angl es of  i nternal  fri cti on, 10 
to 15 degrees,  for t he sl i ckensi ded and host  materi al s suggest  that  
t he test ori entat i on was not  the most  favorabl e to fai l ure on the 
seams and that  angl es 50 to 53 degrees bet ween the seams and the

maj or  pri nci pal  pl ane woul d have been better. A graphi cal  
const ruct i on,  however ,  demonst rat es that  the error was less t han 5 
per cent.

Fi g. 3 Compar i son of  Mohr  envel opes of  st rength for resi dual  
saprol i te wi t h bl ack seam wi t hout  sl i ckensi des and wi t h 
sl i ckensi des

Previ ous tests have shown that  when the seams are ori ented across 
potent i al  shear pl anes that  fai l ure is conf i ned to the host  materi al  
and that  the seam does not  materi al l y i nf l uence the strength.

ORI GI N OF THE SEAMS

Li ttl e research has been previ ousl y report ed to expl ai n the 
geol ogi c ori gi n of  the bl ack seams or  thei r encl osed sl i ckensi ded 
surface. Terzaghi  and Peck,  (1967),  suggest  that  chemi cal  process 
may be i nvol ved i n the devel opment  of  sl i ckensi ded surfaces. 
Gupt on,  (1965),  suggests that  the bl ack seams may resul t f rom 
fi l l ing of  ol d j oi nts and cracks wi t hi n the rock mass by ground 
wat er  acti vi ty. He states the bl ack col or resul ts f r om i ron and 
manganese preci pi tates. He al so suggest  that  the sl i ckensi des may 
resul t f rom movement  al ong the seams duri ng l andsl i de activi ties.

The authors,  based on many observat i ons of  the seams wi t hi n the 
Pi edmont  Ar ea and ot her parts of  the worl d,  al so bel i eve the bl ack 
seams are j oi nt  or crack rel ics.

The cracks ini tial l y became fi l led wi t h fi ne grai ned i nsol ubl e 
product s of  weat her i ng cl ay mi neral s and f i ne mi ca,  wor ked i nto 
t hem by ci rcul at i ng ground water.  At  the same t i me the humi c 
organi c compounds in the aci d envi ronment  at the ground surface 
f or med sol ubl e compl ex compounds wi t h the i ron and any 
manganese present  i n t he surface soi l  or A hori zon.  These sol ubl es 
were l eached downwar d i nto the cracks i n the zone of  parti al  
weat her i ng wher e chemi cal  decomposi t i on was taki ng pl ace and 
t he pH was l ower.  The i ncreasi ng pH caused preci pi tat i on of  the 
organi c-i ron-manganese compl ex as a thi n f i l m or coat i ng on the 
mi ca,  cl ay mi neral s and ot her part i cl es that  fi l led the cracks that  
were i mmedi at el y adj acent  to the crack.  The coat i ng remai ned 
t i ght l y bonded- t he bl ack seam that  is observed upon excavat i on.
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The nat ure of  t he sl i ckensi des is much mor e di ff i cul t to expl ai n 
al t hough t hey do,  as suggest ed by Terzaghi  and Peck,  appear 
connect ed to t he chemi cal  of  weat her i ng of  rock strata. Vari ous 
i nvest i gators i ncl udi ng Brock (1943),  have det ermi ned that  the 
cat i ons bondi ng t he crystal  st ructure of  t he met amor phi c strata do 
not  readi l y l ose thei r i dent i ty when subj ect ed to chemi cal  
weat her i ng associ ated wi t h H + i ons. Instead most  of  the bondi ng 
i ons t end to remai n in thei r rel ati ve posi t i ons,  even t hough thei r 
bondi ng forces are reduced or  mi ni mi zed.  The reduct i on in 
bondi ng rel eases any mechni cal  stresses present  i n the ori gi nal  
rock.  As a resul t the weat her i ng rock may expand or di stort  
sl ightl y. The non-uni f orm expansi on and di stort i on produce the 
shear strai n responsi bl e for sl i ckensi des.

The evi dence i ndi cates that  t he soi l -rock st rat um,  whi ch is 
i nvol ved in expansi on,  is the 3 to 10 ft. or 1 t o 3 m of  parti al l y 
weat hered rock that  is undergoi ng cont i nui ng decomposi t i on j ust 
above the unweat hered rock,  Fig. 1.

Sf. JOHN , SOWERS and WEAVER

It is the authors'  hypot hesi s that  the vol ume i ncreases occur  
i rregul arl y due to vari at i ons in t he rock fabri c and mi neral ogy and 
t end to gent l y heave the overl yi ng soi ls. If t he overl yi ng materi al s 
cont ai n natural  pl anes of  weakness,  such as t he j oi nt  and crack 
rel i cs wi t hi n resi dual  materi al s,  sl ow sl i ppage coul d reasonabl e be 
expect ed al ong t hose seams,  as shown in Fi g. 1. In addi t i on,  the 
ori entat i on of  t he f orce syst em woul d be expect ed to vary 
consi derabl y f r om pl ace to pl ace and t i me to t i me causi ng a 
r andom ori entat i on and the cross ori entat i on of  grooves and the 
sl i ckensi ded surfaces.

Al t hough chemi cal  weat her i ng resul t i ng i n expansi on appears to 
account (for the sl i ckensi ded surfaces wi t hi n t he bl ack seams,  there 
are ot her possi bl e condi t i ons or force syst ems whi ch coul d cause 
movement  al ong the weak seams.  These i ncl ude consol i dat i on,  
movement s associ ated wi t h excavat i on wor k or unl oadi ng of  soi ls 
f rom erosi on or  glacial  retreat, al t hough the aut hors have not  seen 
such seams in gl aci ated regi ons.

PUERTO RI CO ROAD

Deep cuts i n a si l ty sand resi dual  soi l  deri ved f r om weat hered tuf f  
suf fered f r om mor e t han 40 di st i nct sl i des in 3.5 mi l es of  access 
road in a mount ai n rai n forest. The sl i des occurred in cut s 20 to 
80 ft deep wi t h sl opes bet ween 1 to 1 and 1.25 (H)  to 1 (V).  Two 
di st i nct f orms of  shear occurred,  dependi ng on the ori entat i on of  
the ol d sl i ckened surfaces. The first f or m shown in Fi g. 4, was the 
mor e common.  Fai l ure t ook pl ace fol l owi ng an i ntense rai n by 
sl i di ng al ong a sl i ckened surface that  was fl atter t han the cut  sl ope 
al ong a tensi on crack,  and moved down i nto the roadway,  
bl ocki ng the drai n di tch. New tensi on cracks appeared i n the 
overhang left by t he sl ide, and pi eces of  soi l  wei ghi ng 2 to 5 t ons 
dr opped out  f r om t i me to t i me dur i ng the l arger rai n storms.

The second f orm occurred on i ntersect i ng sl i ckensi ded surfaces 
steeper t han the desi gn sl ope,  Fi g. 5. The sl i ckensi des surfaces had 
no tensi l e st rength,  and t hey opened up when the soi l  expanded 
i mmedi at el y af ter excavat i on.  Dur i ng a heavy rai n t he tri angul ar 
wedge of  soi l  def i ned by t he sl i ckensi des surfaces sl id out war d by 
sheari ng the resi dual  soi l  on a shal l ow curved surface.  The new,  
steeper sl ope def i ned by the sl i ckensi des, remai ned stable.

Fi g. 4 Cross Sect i on and pl an of  a sl i de on a gent l y sl opi ng
sl i ckensi ded surface i n weat hered tuf f  i n a road cut  i n Puert o 
Ri co

Fi g. 5 Cross sect i on and pl an of  a sl i de on a curved surface bel ow 
t wo i ntersect i ng sl i ckensi ded pl anes i n weat hered tuf f  i n a 
road cut  i n Puer t o Ri co
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The parki ng lot for a l arge shoppi ng cent er i n Georgi a requi red 
cuts 50 ft deep in resi dual  soi l s deri ved f r om grani te gnei ss. The 
desi gner,  af ter exami ni ng t he weat hered rock,  ut i l i zed a sl ope of  2
(H)  t o 3 (V),  as shown i n Fi g. 6. Much of  the sl ope was stable. 
Lat er anal yses based on drai ned shear tests of  the i ntact  resi dual  
soi l  f ound the safety factor to be nearl y 2. However ,  there were 
numer ous ol d sl i ckensi des in the resi dual  soi l , at a sl ope or  about  1
(H)  t o 1 (V).  A number  of  l ocal  sl i des occurred,  i nvol vi ng wedge 
shaped masses wei ghi ng 5 to 10 tons, as shown in Fi g. 6. One 
occurred under  t he desi gni ng engi neer’s field offi ce. Hi s resi dent  
engi neer never real i zed t he danger  unti l  the sl i de was poi nt ed out  
to hi m by the proj ect  account ant ,  a mont h af ter it occurred.

SHOPPING CENTER EXCAVATION has been stabl e for 6 years despi te a l arge crack about  hal f way up 
the sl ope.  Fi g. 8 and 9, whi ch appeared i mmedi at el y af ter 
excavat i on was compl et e.  The soi l  above the crack is di spl aced 
out war d 3 in. or 7.5 cm.  The crack is an ol d sl i ckensi de:  the soi l  
above it expanded when the stress was rel eased upon excavat i on.

Fi g. 6 Li near sl i de on a steep sl i ckensi de i n an excavat i on in
weat hered gnei ss for a shoppi ng center,  Georgi a.  Engi neer ’s 
of f i ce was i mmedi at el y above the sl i de

On the same proj ect  the f oot i ng excavat i ons were made i n the sti ff 
resi dual  soi l  wi t hout  any f orms,  because the soi l  st ood wi t hout  
support .  In t wo cases, i l l ustrated by Fi g. 7, the f oot i ng was f ound 
to be 1 ft or 30 cm nar rower  t han the pl ans requi red,  and as a 
resul t the col umn was not  cent ered properl y.  A st udy of  the soi l  
showed a sl opi ng sl i ckensi de on the si de of  t he f oot i ng that  was 
t oo narrow.  The mi caceous soi l  had expanded and sl i pped down 
on the sl i ckensi de, movi ng t he si de of  t he excavat i on i nward I ft 
or 30 cm and causi ng a smal l  but  unnot i ced set t l ement  of  the 
ground surface adj acent  t o the foot i ng.

POWERHOUSE EXCAVATI ON

A 55 ft or  17 m deep excavat i on i n a resi dual  mi caceous sandy silt 
deri ved f r om di ori te i n Nor t h Carol i na was made wi t h a sl ope of  3
(H)  t o 2 (V).  The sl ope desi gn was based on stabi l i ty anal yses 
uti l i zi ng drai ned shear tests and a safety factor of  1.5. The sl ope

Fi g. 7 Foot i ng excavat i on nar rowed by soi l  expansi on al ong a 
sl i ckensi de,  i n weat hered gnei ss, i n a shoppi ng center.  
Georgi a

Fi g. 8 Cross sect i on or  the face of  a deep excavat i on in weat hered
di ori te for a power house in Nor t h Carol i na,  showi ng expansi on 
on a sl i ckensi ded surface

Fi g. 9 Phot ograph of  expansi on crack of  Fi g. 8

I* - 30cm 
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RAI LROAD CUT -  NORTH CAROLI NA

A rai l road cut  50 to 75 ft or 15 m to 22 m deep i n t he same 
proj ect  as the power house in t he previ ous exampl e devel oped a 
very l ocal i zed sl i de dur i ng const ruct i on.  As can be seen i n Fi g. 10, 
the t op of  t he sl i de commenced wel l  bel ow the t op of  the sl ope,  
f ocusi ng on a pai r of  i ntersect i ng sl i ckensi des si mi l ar to Fi g. 5. A 
porewat er  pressure unbal ance in the cracks probabl y preci pi tated 
the movement ,  because t he excavat i on had advanced faster t han 
the i nstal l at i on of  drai nage.  The cut  sl ope .7 (H)  t o 1 (V)  was 
desi gned on the basi s of  consol i dat ed undrai ned ( CU or R)  shear 
wi t h c = 0.3 Kg per sq cm and 0 = 22 deg.  St andard penet rat i on 
resi stances, N,  were 12 to 15 bl ows per f oot  i n t he deepest  part  of  
t he cut  and 9 to 12 at t he ends.

The resi dual  soi l s t hroughout  t he cut  cont ai ned numer ous 
sl i ckensi ded seams concent rat ed in some areas and al most  ent i rel y 
absent  el sewhere.  Al t hough the bori ngs,  spaced 200 ft or 60 m 
apart ,  di scl osed t he presence of  t he bl ack sl i ckensi des nei ther thei r 
di st ri but i on nor  ori entat i on coul d have been predi cted i n advance.  
In spi te of  t he l arge number  of  sl i ckensi des, onl y one pai r were 
ori ented favorabl y for sl i di ng and t he remai nder  of  t he 2500 ft or 
800 m l ong cut  was stable.

BRACED EXCAVATI ON

A 60 ft or  18 m deep excavat i on in a mi caceous si l ty sand deri ved 
f r om the decomposi t i on of  grani te gnei ss i n Georgi a empl oyed 10 
in. or 25 cm steel  H-pi l es 10 ft or  3 m apart  around t he peri met er 
as sol di er pi les. Wood l aggi ng was i nstal l ed bet ween t hem 
sporadi cal l y as excavat i on progressed.  At  t he same t i me steel  wal es 
and racers were pl aced to support  t he sol di er pi les. At  several  
poi nts chunks of  resi dual  soi l  wei ghi ng up to 4 t ons sl id bet ween 
the sol di er pi les, movi ng an ol d sl i ckensl i ded surfaces,  Fi g. 11. No 
fai l ures occurred where t he l aggi ng had been i nstal l ed, al t hough 
the l aggi ng had little f l exural  st rength.

Fi g. 10 Local  sl i de i n a rai l road cut  75 ft or  22 m deep in
weat hered di ori te i n Nor t h Carol i na whi ch commenced 
on t wo i ntersect i ng sl i ckensi des si mi l ar to Fi g. 5

Fi g. 1 I Sl i ckensi ded surface that  caused a l ocal i zed sl i di ng of  
soi l  bet ween sol di er pi l es 10 ft or  3 m apart  i n an 
excavat i on 60 ft or 18 m deep.  Wi dt h of  phot ograph 
approxi mat el y 10 ft or 3 m

CONCLUSI ONS

The bl ack seams are compl ex i ron-cement ed fi l l ing i n ol d cracks in 
the rock that  remai n i n t he resi dual  soi l  as surfaces of  weakness.  
Movement  wi t hi n t he soi l , pr oduced by expansi on accompanyi ng 
weat her i ng or  by stress rel i ef pr oduced by excavat i on causes many 
of  the seams to be sl i ckensi ded.  Sl ope desi gns,  based on the 
st rength of  t he host  resi dual  soi l  may be l ocal l y unsaf e i n zones 
cont ai ni ng t he bl ack seams because t hey have hal f  t he st rength of  
the surroundi ng soi l . The safety of  such sl i ckensi ded zones is 
di ff i cul t t o predi ct  because movement  depends on t he favorabl e 
ori entat i on of  t he weak surfaces. The desi gn al ternat i ves are t o be 
conservat i ve and uti l i ze onl y t he sl i ckensi de st rength for desi gn or 
to assume t he ri sk of  l ocal  fai l ure and l ocal  redesi gn af ter the 
i nci dence and ori entat i on of  the sl i ckensi des is exposed duri ng 
excavat i on.
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