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INTRODUCTION: 

This  r e p o r t  summarizes t h e  geotechnica l  p r o p e r t i e s  of samples from seven 
bor ings  t h a t  were obtained by t h e  U.S. Geological Survey i n  t h e  Chukchi *a 
dur ing  September 1983. r ~ o t e c h n i c a l  t e s t s  were performed both  a t  eea  and i n  a 
shore-based l a b o r a t o r y  t o  measure down-hole v a r i a t i o n s  i n  phys i ca l  and 
geotechnica l  p r o p e r t i e s .  S t r a t i g r a p h i c  i n t e r p r e t a t i o n  of  t h e  n e a r l y  
cont inuous sediment and rock samples i s  p r e s e n t l y  underway. 

Hope b a s i n  u n d e r l i e s  much of t h e  southern  Chukchi Sea. The no r the rn  p a r t  
of  Hope bas in  i s  bounded by Herald a r c h ,  a n  u p l i f t e d  wel t  of Paleozoic  and 
Mesozoic bedrock (Grantz and o t h e r s ,  1975, Holmes and Creager,  1981). Another 
sedimentary b a s i n ,  t h e  North Chukchi bas in ,  l i e s  n o r t h  of  Herald a rch .  Two 
c l o s e l y  spaced bor ings  were l o c a t e d  i n  t h e  no r the rn  margin of Hope bas in ,  two 
ho le s  (spaced 7 meters  a p a r t )  were i n  t h e  southern  North Chukchi bas in ,  and 
t h e  remaining t h r e e  h o l e s  were on Herald a r c h  (Table 1). 

SHIPBOARD SAMPLING OPERATIONS: 

Continuous sampling was conducted from t h e  M / V  KARA SEAL us ing  t h e  FlJGRO 
Offshore D r i l l i n g  Rig (FODR). FODR has  a  t h r e e m e t e r - s t r o k e  i n t e g r a l  heave 
compensator t h a t  reduces sample d i s tu rbance  caused by s h i p  motion. In  
conjunc t ion  wi th  r o t a r y  d r i l l i n g  used t o  advance t h e  h o l e ,  f o u r  sampling 
devices  were used t o  o b t a i n  sediment o r  rock samples. The devices  included: 
Shelby tubes  (thin-walled metal  t ubes )  (Hvorslev, 1949), s p l i t  b a r r e l  samplers 
( s p l i t  spoons) ( thick-walled meta l  samplers)  (Peck and o t h e r s ,  1974), "0" 
samplers ( s p l i t  spoon wi th  a  l i n e r  t o  b e t t e r  p r e se rve  sample i n t e g r i t y ) ,  and a 
Chr i s tensen  co re  b a r r e l .  

Sample d i s tu rbance  was reduced by us ing  t h e  sampling device  t h a t  was most 
compat ible  wi th  a n t i c i p a t e d  sediment behavior  a t  va r ious  subbottom depths .  
Shelby tubes  were used i n  s o f t  m a t e r i a l ,  whereas t h e  s p l i t  spoon and "0" 
sampler were used i n  more competent sediment t h a t  would have bent  t h e  t h i n  
w a l l s  of t h e  she lby  tube. Although t h e  Chr i s tensen  c o r e  b a r r e l  was used i n  
s t i f f e r  m a t e r i a l ,  r o t a r y  d r i l l i n g  dur ing  advancement of t h e  c o r e  b a r r e l  caused 
concen t r i c  f r a c t u r e s  spaced every  few cen t ime te r s  t o  occur  p a r a l l e l  t o  bedding 
wi th in  t h e  recovered samples. 

Except f o r  r o t a r y  d r i l l i n g  w i th  t h e  Chr i s tensen  c o r e  b a r r e l ,  t h e  samplers  
were d r iven  i n t o  t h e  sediment by a  hammer. Percussion samples t y p i c a l l y  a r e  
more d i s t u r b e d  than  samples ob ta ined  w i t h  push techniques  (Hvorslev, 1949). 
Emrich (197 1)  observed a  40 percent  decrease  i n  s h e a r  s t r e n g t h  compared t o  
push samples. However, percuss ion  sampling can  i n d i c a t e  r e l a t i v e  r e s i s t a n c e  
t o  p e n e t r a t i o n  by t h e  number of hammer blows r equ i r ed  t o  d r i v e  t h e  sampler a  
f i x e d  d i s t a n c e ,  t y p i c a l l y  0.3 m (Table 2 ) .  A t  l e a s t  one technique (Bhushan 
and o t h e r s ,  1976) i s  a v a i l a b l e  t h a t  conve r t s  shipboard hammer drops  i n t o  a 
blow count analogous t o  t h e  widely used s t anda rd  p e n e t r a t i o n  t e s t  (SPT) (Peck 
and o t h e r s ,  1974). The SPT h a s  been used t o  e s t i m a t e  t h e  compactness o r  
f r i c t i o n  angle of  g r a n u l a r  m a t e r i a l  and t h e  cons is tency  o r  undrained s h e a r  
s t r e n g t h  of f ine-gra ined  s o i l s  (?4unt, 1984). 



SHIPBOARD TESTING METHODS AND RESULTS: 

Three dev ices  were used a t  s e a  t o  measure t h e  undrained shea r  s t r e n g t h  of 
f ine-gra ined  sediment: a Torvane, pocket penetrometer ,  and min ia ture  vane 
shea r  machine (Hunt, 1984). Samples f o r  water  con ten t  ( l a t e r  co r r ec t ed  f o r  a 
s a l i n i t y  of 35 pp t )  were ob ta ined  down-hole i n  coarse-gra ined  m a t e r i a l  and i n  
f ine-grained sediment nea r  s t r e n g t h  t e s t  l o c a t i o n s  (Table 2 ,  Figs.  1-4). 7he 
undrained shea r  s t r e n g t h s  were determined i n  f i n e r  g ra ined  sediment only.  

The Torvane h a s  e i g h t  smal l  vanes a t t ached  t o  a c i r c u l a r  p l a t e ;  t h e  
b lades  a r e  pushed about  6 mm i n t o  a f l a t  sediment su r f ace .  The torque  
r equ i r ed  t o  shear t h e  m a t e r i a l  a t  t h e  base  of t h e  vanes i s  measured and 
r e l a t e d  t o  t h e  undrained shea r  s t r eng th .  me Torvane was no t  used i n  b r i t t l e  
m a t e r i a l  where t h e  i n s e r t i o n  of  t h e  vanes would have f r a c t u r e d  t h e  sediment ,  
thereby producing a n  u n r e a l i s t i c a l l y  low shea r  s t r eng th .  

The pocket penetrometer  i s  opera ted  by pushing a 6am-diameter spr ing-  
loaded rod 6-mm i n t o  a f l a t  sediment su r f ace .  The f o r c e  measured i s  r e l a t e d  
t o  t h e  undrained s h e a r  s t r e n g t h .  However, t h e  t e s t  i s  only v a l i d  f o r  s o i l s  
wi th  p l a s t i c i t y  i n d i c e s  g r e a t e r  t han  twelve (Hunt, 1984) o r  s h e a r  s t r e n g t h s  
less than  220 kPa. A t  many l o c a t i o n s  t h e  c a p a c i t y  of  t h e  device  was exceeded 
(Table 2, Figs .  5-8). 

Laboratory miniature-vane tests were performed on t h e  ends of  samples,  
u s ing  a 12.6 by 12.6 mm vane, wi th  a r o t a t i o n  r a t e  a t  t h e  t o p  of t h e  machine's 
s p r i n g  of  approximately 90 degrees  p e r  minute (Lee, i n  press ) .  The miniature-  
vane t e s t s  were performed t o  a subbottom depth a t  which t h e  r e s i s t a n c e  of t h e  
sediment exceeded t h e  a l lowable  t o rque  of t h e  machinets  sp r ings .  One 
unconfined compression (UC KS-2) test  was performed a t  sea (Table 4 ,  Fig. 5 ) .  

SAMPLE STORAGE: 

Dif fe ren t  methods were used t o  p re se rve  samples f o r  shore-based 
geo techn ica l  t a s t i n g  depending on t h e  type  of sampler used. Wax was poured 
i n t o  t h e  i n t e r i o r  of Shelby t ubes  i n  o r d e r  t o  form a plug a g a i n s t  t h e  sediment 
su r f ace  t o  prevent  slumping and dewatering during handl ing  and s to rage .  &d 
caps were then  taped on to  t h e  ends and dipped i n  wax. Samples ob ta ined  w i t h  
t h e  Chris tensen c o r e  b a r r e l  were c u t  i n t o  approximately 200mm l e n g t h s ,  
wrapped i n  t i n  f o i l ,  and placed i n  cardboard tubes.  Warm wax was t hen  poured 
over  t h e  sample t o  completely enc lose  i t .  Ihe  "0" l i n e r  samples were capped 
and t h e  ends were dipped i n  wax. A l l  samples were s t o r e d  on t h e i r  s i d e  a t  a 
temperature  of  approximately f o u r  degrees  cen t igrade .  

SHORE-BASED TESTING METHODS AND RESULTS: 

Constant r a t e  of  s t r a i n  (CRS) conso l ida t ion  t e s t s  were performed w i t h i n  a 
t r i a x i a l  chamber accord ing  t o  t h e  techniques of  Wissa and o t h e r s  (1971) i n  
order t o  e v a l u a t e  t h e  stress h i s t o r y  of t h e  sediment.  The t e s t  r e s u l t s  a r e  
p l o t t e d  a s  void r a t i o ,  e ,  ve r sus  t h e  logar i thm of  t h e  v e r t i c a l  e f f e c t i v e  
s t r e s s ,  a t v  (Appendix A). 

Typical  e - l o g  u ', curves  form a s t r a i g h t  l i n e  segment, t h e  v i r g i n  l i n e ,  
a t  h ighe r  s t r e s s e s .  'Ihe s l o p e  of t h e  v i r g i n  i i n e  i s  termed t h e  compression 
index, Cc. The maxfmum p a s t  s t r e s s ,  o t v m ,  can  be determined from 



conso l ida t ion  test  r e s u l t s  t h a t  have a s t r a i g h t  v i r g i n  l i n e  by Casagrandels 
(1936) technique. However, most of t h e  conso l ida t ion  t e s t s  performed on 
Chukchi Sea m a t e r i a l  d i d  n o t  produce a s t r a i g h t  v i r g i n  l i n e .  That cu rva tu re  
made de te rmina t ion  of  t h e  maximum p a s t  stress h i g h l y  u n c e r t a i n  (Table 3). 

The overconsol ida t ion  r a t i o ,  OCR, i s  def ined  a s  u V,/U ' where Q lvo i s  
t h e  in-place overburden s t r e s s .  Sediment wi th  a  h igh  OCR ty~?VPcally has  
experienced a  g r e a t e r  amount of p re loading  than  a  s i m i l a r  m a t e r i a l  w i th  a  
lower overconsol ida t ion  r a t i o  a t  t h e  same overburden s t r e s s .  The OCRs f o r  t h e  
Chukchi Sea m a t e r i a l  r e f l e c t  t h e  wide range of  va lues  of t h e  maximum p a s t  
s t r e s s e s  (Table 3). The c o e f f i c i e n t  of conso l ida t ion ,  cv, a  f a c t o r  t h a t  
r e f l e c t s  t h e  r a t e  a t  which conso l ida t ion  occurs ,  i s  p l o t t e d  i n  Appendix A a s  a  
func t ion  of t h e  v e r t i c a l  e f f e c t i v e  stress f o r  each t e s t .  

T r i a x i a l  t e s t s  i nco rpo ra t i ng  t h e  s t r e s s  h i s t o r y  and normalized s o i l  
engineer ing  p r o p e r t i e s  (SHANSEP) approach of Ladd and Foot t  (1974) were 
planned t o  e s t i m a t e  t h e  undis turbed  in-place s h e a r  s t r e n g t h .  However, t h a t  
method r e l i e s  upon we l l  def ined  maximum p a s t  s t r e s s e s  ob ta ined  from 
conso l ida t ion  t e s t s .  Because conso l ida t ion  t e s t s  t y p i c a l l y  produced poor 
r e s u l t s ,  t h e  SHANSEP approach was not used. In s t ead ,  36mmdiame te r  t r i a x i a l  
samples were i s o t r o p i c a l l y  consol ida ted  t o  t h e i r  es t imated  in-place v e r t i c a l  
e f f e c t i v e  s t r e s s ,  a t  , and sheared undrained us ing  w i d e l i n e s  presen ted  by 
Bishop and Henkel (1484). I h e  undrained shea r  strength, S, o r  q,,,, was 
determined a s  t h e  maximum shea r  stress a t t a i n e d  be fo re  20 percent  a x i a l  s t r a i n  
was reached (Table 4 ,  Figs .  5-8). Tbe e f f e c t i v e  f r i c t i o n  ang le ,  4 ' ,  was 
determined a t  t h e  po in t  of maximum o b l i q u i t y ,  U ' ~ / O ' ~ ,  assuming no cohesion 
i n t e r c e p t   able 4). 

A number of unconfined compression (UC) t e s t s  were a l s o  performed 
(according t o  ASTM Standard D2166-66). They were run  i n  a  s i m i l a r  manner t o  
t h e  t r i a x i a l  t e s t s  except  t h a t  no l a t e r a l  confinement was given  t o  t h e  samples 
during t e s t i n g .  T r i a x i a l  t e s t  and unconfined compression test  r e s u l t s  a r e  
p l o t t e d  i n  Appendix B. 

DISCUSSION: 

Based on v i s u a l  i d e n t i f i c a t i o n ,  sediment t ype  v a r i e s  markedly down-hole; 
sand and g rave l  a r e  p re sen t  i n  some beds whereas on ly  f i ne -g ra ined  sediment 
e x i s t s  elsewhere.  Cuotechnical  p r o p e r t i e s  pos s ib ly  r e f l e c t  changes i n  
sediment type ,  a s  we l l  a s ,  d i f f e r e n t  stress h i s t o r i e s  f o r  s i m i l a r  sediment 
t ypes  . 

Water c o n t e n t s ,  w ,  va ry  w i th  subbottom depth  (Figs .  1-4). In  borings 2 
and 3 a t r end  of  decreas ing  water  content: wi th  depth  i s  appa ren t ,  but "spikes" 
of both h ighe r  and lower water  conten t  a r e  presen t .  The o v e r a l l  t r end  of  
decreas ing  water  con ten t  wi th  depth  probably r e s u l t s  from i n c r e a s i n g  
overburden s t r e s s e s  t h a t  cause  g r e a t e r  conso l ida t ion  of  t h e  sediment. b r i n g s  
4 ,  7 ,  and 8 show wide v a r i a b i l i t y  down-hole. A s l i g h t  i n c r e a s e  i n  water  
conten t  w i th  depth  i s  apparen t  i n  h o l e s  4 and 7 ,  pos s ih ly  r e f l e c t i n g  down-hole 
changes i n  l i t ho logy .  

Casagrandets (1936) technique f o r  determining a',, r e q u i r e s  h igh-qua l i ty  
t e s t  r e s u l t s ,  whereas conso l ida t ion  t e s t i n g  of t h e  ~ h u f c h i  % i ~  samples a lmost  
i n v a r i a b l y  produced poor r e s u l t s  (Appendix A).  The s h a r p  break  i n  s l o p e  



between t h e  r e load ing  and v i r g i n  conso l ida t ion  l i n e  apparen t  i n  most t e s t s  
performed on h igh -qua l i t y  samples was t y p i c a l l y  absent .  Poorly de f ined ,  o r  
nonex i s t en t ,  s t r a i g h t  v i r g i n  conso l ida t ion  l i n e s  and d i f f i c u l t  t o  determine 
p o i n t s  of  maximum cu rva tu re  produced e r r a t i c  u',, de te rmina t ions  (Table 3). 
Tire poor r e s u l t s  a r e  due t o  a  combination of  sample d i s tu rbance  caused by 
percuss ion  sampling o r  r o t a r y  d r i l l i n g  and i n  a few i n s t a n c e s  r e s u l t  from 
performing tests on samples w i th  g r a i n  s i z e s  t h a t  were t o o  coa r se  t o  produce 
we l l  def ined  conso l ida t ion  behavior.  Some tests may have had such a  h igh  
maximum p a s t  s t r e s s  t h a t  t h e  v i r g i n  l i n e  was n o t  reached because of equipment 
l i m i t a t i o n s .  

With few except ions  (CE 137, CE 150, CE 172, and CE 173) t h e  sediment 
t e s t e d  appeared overconsol ida ted  (OCR > 1.5, Hunt 1984) t o  h e a v i l y  
overconsol ida ted ,  pos s ib ly  t h e  r e s u l t  of d e s i c c a t i o n  caused hy low s t a n d s  of 
sea- leve l .  m e  except ions  i n d i c a t e  normal conso l ida t ion ,  i.e., t hey  never  
experienced a  g r e a t e r  v e r t i c a l  e f f e c t i v e  s t r e s s  t han  now e x i s t s  i n  s i t u .  The 
OCR va lues  l e s s  t han  1.0 a r e  caused by d i s tu rbance  and h y s t e r e t i c  e f f e c t s  of 
sampling and t e s t i n g  (Zeevaer t ,  1983). 

P l o t s  of s t r e n g t h  va lues  f o r  t h e  va r ious  t e s t  types  ve r sus  depth show 
wide s c a t t e r  i n  bor ings  2 and 3 (Fig.  5). S t rengths  t y p i c a l l y  i n c r e a s e  with 
depth ,  bu t  except ions  occur. Laboratory vane-shear d a t a  sugges t  t h a t  a n  
abrupt  i n c r e a s e  i n  s t r e n g t h  occurs  i n  bor ings  2 and 3 a t  a  dep th  of 
approximately n i n e  meters.  However, t r i a x i a l  t e s t s  (TE 257, TE 259) show a  
gradua l  i n c r e a s e  i n  s t r e n g t h  wi th  depth  i n  t h a t  i n t e r v a l .  A s t r o n g  
c o r r e l a t i o n  does n o t  e x i s t  between d i f f e r e n t  s t r e n g t h - t e s t i n g  methods, 
a l though t r e n d s  a r e  ev ident .  Torvane s t r e n g t h s  t y p i c a l l y  a r e  lower than  
pocket penetrometer der ived  va lues ,  pos s ib ly  a s  a  r e s u l t  of remolding s o f t  
sediment o r  f r a c t u r i n g  s t i f f  and b r i t t l e  ma te r i a l .  

T r i a x i a l  (TE) and unconfined compression (UC) tes t  shea r  s t r e n g t h s  were 
t y p i c a l l y  bounded by t h e  pocket penetrometer and torvane  values .  Re l a t i ve ly  
good agreement between unconfined s t r e n g t h  (UC KS-2, UC 10) and t r i a x i a l  
s t r e n g t h  (TE 265, TE 264) was obtained a t  two l o c a t i o n s  where t h e  t e s t s  were 
performed on ad j acen t  samples. Considering t h e  s i z e  of  t h e  t e s t e d  samples,  
and ope ra to r  and equipment i n c o n s i s t e n c i e s  a s s o c i a t e d  wi th  shipboard t e s t i n g ,  
t h e  t r i a x i a l  and unconfined test  r e s u l t s  r ep re sen t  t h e  b e s t  e s t ima t fon  o f  in -  
s i t u  s t r eng th .  Ihe unconfined compressive s t r e n g t h  i s  probably l e s s  t han  t h e  
i n - s i t u  s t r e n g t h  because of sampling d is turbance .  The t r i a x i a l  s t r e n g t h ,  
however, i s  probably l a r g e r  than  t h e  i n - s i t u  s t r e n g t h  because conso l ida t ion  i n  
t h e  l a b o r a t o r y  t o  t h e  i n - s i t u  v e r t i c a l  e f f e c t i v e  s t r e s s  d e n s i f i e s  t h e  m a t e r i a l  
be fo re  s h e a r  (Ladd and Zambe, 1963, Ladd and Foo t t ,  1974). 

Some t r e n d s  t h a t  a r e  ev iden t  i n  h o l e s  2 and 3 a l s o  a r e  p re sen t  i n  t h e  
o t h e r  borings.  However, bor ing  4 encountered very  s t i f f  m a t e r i a l  w i t h i n  two 
meters  of t h e  s e a f l o o r ,  r e f l e c t i n g  t h e  presence of  Herald arch.  Wide s c a t t e r  
i n  test r e s u l t s  i s  ev ident  i n  bor ing  7. 

CONCLUSIONS: 

Many d i f f e r e n t  sediment t ypes  a r e  p re sen t  on t h e  no r the rn  margin of  Hope 
bas in  and on t h e  southern  margin of t h e  North Chukchi bas in .  The vary ing  
m a t e r i a l  types may be  r e spons ib l e  f o r  observed non-uniform geo techn ica l  
behavior  down-core. Typica l ly  water con ten t s  decrease  and s t r e n g t h  i n c r e a s e s  



with depth in borings 2 and 3 located in the North Chukchi basin. Water 
content and strength determinations are more erratic in the other borings. 

Consolidation test results were very poor because of sample disturbance 
caussd by pe:cussion sampling-and the presence of clay-lacking grain-sizes. 
Percussion sampling produces extensive disturbance; therefore, in order to 
obtain more meaningful geotechnical data push sampling methods should be used 
whenever possible in future operations. 

Pocket penetrometer strength values were typically higher then triaxial 
and unconfined compression values, and torvane test strengths were the 
lowest. Triaxial and unconfined compression t e s t s  probably produced values 
closest to the in-situ strengths. 
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NOMENCLATURE AND SYMBOLS: 

ASTM - American Socie ty  for Test ing  and Mater ia l s .  
C - Chris tensen co re  b a r r e l  sampler. 
Cc - Compression index, def ined  a s  t h e  s l o p e  of t h e  l i n e a r  p a r t  of a  

conso l ida t ion  curve p l o t t e d  on a  ~ r a p h  of void r a t i o  versus  l o g  of 
e f f e c t i v e  s t r e s s .  

CE - The p r e f i x  f o r  a cons tan t  r a t e  of strain (CRS) conso l ida t ion  t e s t  number. 
cm - Centimeter. 
c, - Coef f i c i en t  of consol ida t ion ,  a  f a c t o r  t h a t  r e f l e c t s  t h e  r a t e  a t  which 

conso l ida t ion  occurs.  

'v ave - The average of c o e f f i c i e n t s  of conso l ida t ion  f o r  a conso l ida t ion  
t e s t .  

DELTA u  - The change i n  excess  pore water  p re s su re  from t h e  beginning of a  
shea r  t e s t .  

Dev S t r e s s  - The d e v i a t o r  s t r e s s  o r  d i f f e r e n c e  between the major and minor 
p r i n c i p a l  e f f e c t i v e  s t r e s s e s  (0 l - a t  ). 

e  - Void r a t i o ,  def ined  a s  t h e  volume of vaqds d iv ided  by t h e  volume of 
s o l i d s .  

km - Kilometer. 
kPa - Kilopasca l ,  k ~ / m ~ .  
m - Meter 
mm - Mill imeter .  
I I ~ M  - S p l i t  spoon sampler wi th  a  l i n e r .  

OCR - Overconsol idat ion r a t i o ,  (o lVm/u lvO). 
OE - P r e f i x  f o r  an oedometer t e s t  number. 
pp t  - Par t  per  thousand. 
p' - The normal e f f e c t i v e  s t r e s s  a c t i n g  on a p lane  i n c l i n e d  a t  45 degrees from 

t h e  h o r i z o n t a l  i n  a  t r i a x i a l  t e s t  (U ' + a V 3 )  /2. 
q - The s h e a r  s t r e s s  a c t i n g  on a p lane  i n c  i ined a t  45 degrees from t h e  

h o r i z o n t a l  i n  a t r i a x i a l  t e s t  (0 - u 13)/2. 

qmax - Maximum va lue  of q reached du r ing  a s t a t i c  t r i a x i a l  t e s t ,  equa l  t o  Sue 
S - Shelby tube  sampler (thin-walled).  
SHANSEP - S t r e s s  h i s t o r y  and normalized s o i l  engineer ing  p r o p e r t i e s  (an 

approach t o  e s t ima t ing  i n - s i t u  shea r  s t r e n g t h  by e x t r a p o l a t i n g  l a b o r a t o r y  
t e s t s  t o  f i e l d  condi t ions) .  

SPT - Standard p e n e t r a t i o n  t e s t .  
S  - Remolded undrained s h e a r  s t r eng th .  
SS - S p l i t  spoon sampler ( t h i c k  walled) .  
St - S e n s i t i v i t y  (s,/Sr). 
SIG 1,' - The major ( o r  v e r t i c a l )  p r i n c i p a l  s t r e s s  app l i ed  t o  a t r i a x i a l  t e s t  

sample p r i o r  t o  shear .  
SIG 3c' - The minor ( o r  h o r i z o n t a l )  p r i n c i p a l  s t r e s s  app l i ed  t o  a t r i a x i a l  

t e s t  sample p r i o r  t o  shear .  
S - Undrained shea r  s t r eng th .  
T! - P r e f i x  f o r  a  s t a t i c  t r i a x i a l  t e s t  number. 
UC - P r e f i x  f o r  an  unconfined compression s h e a r  t e s t .  
w - Water conten t  (weight of water  inc luding  sa l t /we igh t  of s o l i d s ) .  
a l l  - The major ( o r  v e r t i c a l )  p r i n c i p a l  e f f e c t i v e  s t r e s s  app l i ed  t o  a t r i a x i a l  

t e s t  sample. 
u t 1 / u V 3  - o b l i q u i t y  f a c t o r ;  i t  i s  a maximum a t  t h e  po in t  of t h e  l a r g e s t  

f r i c t i o n  ang le  during a t r i a x i a l  t e s t .  
o f 3  - The minor ( o r  h o r i z o n t a l )  p r i n c i p a l  e f f e c t i v e  s t r e s s  app l i ed  t o  a  

t r i a x i a l  t e s t  sample. 



o', - The consolidation s t r e s s  exerted on a tr iax ia l  t e s t  sample prior t o  
shear. 

u l v  = 0' - The in-s i tu  vert ical  e f fec t ive  s t r e s s  exerted by the weight of  v 
over gurde n. 

0' - The maximum vert ical  e f fec t ive  s tress  that  a sediment has ever vm 
experienced. 

0 '  - The f r i c t i o n  angle of a sediment expressed i n  terms of e f fec t ive  
s tresses .  





Table 2. Boring Informa t i o n ,  Shipboard Strength Test Results ,  and Hater Contents.  

Boring S e c t i o n  Depth Sampler Hammer Blovs/0.3m T e s t  Water Content(,) S, 
No. Tosect ion Type 

Sr 
l a b  vane lab vane 

St S, 
Torvane 

su 
Depth ( a  1 pocket pen. 1 

Top (m)  (m 1 (kPa) (kPa 1 (kPal (kPa ) 



Table 2. continued 

Wring  Sec t ion  Depth Sampler Hammer Blowaj0.3~ % s t  Water Content(a) SU 
To S e c t i o n  Type 

Sr 
lab vane lab vane 

St 
Torvane 

Su 
N o .  Depth ( %  pocket pen. 

Top (a) (m) (kPa) (kPa) (kpa) (kPa) 



Table 2 .  continued 

-ring Saction Depth Sampler l3aamer Blovs/0.3m Test Water Content (a) SU Sr St Su 
l a b v a n e  labvane Torvane 

Su 
No. To Section Type Depth ( 0 )  pocket pen. 

Top (m) (a) (kPa tkPa) (kPa IkPa) 

- - - -- - - - - - -- - 

(a) Water content was corrected for a pore water salinity of 35 ppt .  
(b)  Insertion of Torvane fractured s t i f f  sediment. 



Tabla 3. C o n s o l i d a t i o n  T e s t  Results. 

%or i ng Section Test In i t ia l  Consolidation I I 

u vm OCR cc cv(ave) 
No. Depth Water C o n t e n t  Teat No. ?kg) (kPa) 

(m) ( a )  ( cm2/aec 

CE137 

CEI 40 

CE149 

CE132 

CE133 

CEt 3 6  

CE141 

CE134 

CE135 

CE167 

CE168 

CEl SO 

CE172 

CE17 3 

CE146 

CEI 4 7  

CE148 

CEI 7 4 



Table 4. h i w i a l  am3 Unconfined Compression Test Results - 
Boring Section Test In i t ia l  Strength 9' 0 ' ~  s ~ / ~ ' ~  Water Content S t r a i n  

No. Depth Water Content Test after Shear to Failure (kPa) (degrees) IkPa) 
( m )  ( t )  NO. {a) ( % )  



WATER CONf ENT [%I 

Fig. 1. Water content versus subbottom depth  from borings 2 end 3.  
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Fig. 2. Water content versus nubbottom depth from boring 4. 
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Fi8. 3. Water content versus subbottom depth from boring 7 .  
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F i g .  4 .  Water content  versus  suhhottom depth from horing A .  
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Fig. 5 .  Undrained shear strength, Su, versus subbottom depth from boring6 2 
and 7. 
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Fig. 6. Wndralned shear strength, S,, versus aubbottom depth from borinn 4 .  
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APPENDIX A 

CONSOLIDATION TEST RESULTS 



KS 1 -83-CS INCREMENT t c m l  SECTION 2 
CORE NO. BORING 2 TEST NO. CE137 



KS 1 -03-CS INCREMENT tcml SECTION 6 
CORE NO. BORING 2 TEST NO. CE140 

- 
2 2 



KSI-83-CS INCREMENT Icm) S-6 
CORE NO. B-2 TEST NO. CEl49 

f 



KSl-83-CS INCREMENT I c m )  SECTION B 
CORE NO. BORING ;i TEST NO. CE132 

I 

2 4 
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I I l l l l l l  I 1 1 1 1 1 1 1 1  1 I I l l l l l l  i  1 1 1 1 1 1 1 1  - - - - - 
w 
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I- - - - - 
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- 
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I I l l l l l l  I I I l l l l l l  I I 1111111  I 1 1 i l l 1 1  I I I 1 i l l l l .  
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KSl-83-CS INCREMENT (cm) SECTION 8 
CORE NO. BORING 2 TEST NO. GE133 



KS1-84-CS INCREMENT Ccml SECTION 2 
CORE NO. BORING 3 TEST NO. E l 3 6  

I - 

2 6 



KSl-83-CS INCREMENT Ccm) SECTION 1 1  
CORE NO. BORING 3 TEST NO. CE141 



2 

KS 1 -83-CS INCREHENT Ccm) SECTION 14 
CORE NO. BORING 3 TEST NO. CE134 

- 



STRESS I kPa > 

KSl-83-CS INCREMENT Icm) SECTION 14 
CORE NO. BORING 3 TEST NO. CE135 



KS1-83-CS INCREMENT ( c m )  19B 
CORE NO. 83 TEST NO. CE 167 



r 

KSl-03-CS INCREMENT Ccm) 20F 
CORE NO. B3 TEST NO. CE16B 



I 
-I 

KS1-03-CS INCREMENT Icm) S-331 
CORE NO. B-3 TEST NO. CE 150 



I KS1-83-CS INCREMENT tcm) S-38H 1 
CORE NO. 8-3 TEST NO. CE172 



KSI-83-CS INCREMENT Ceml S-43E I 
CORE NO. B-3 TEST NO. CE173 



r 

KS1-83-CS INCREMENT I c m )  SECTION 1 
CORE NO. BORING 7 TEST NO. CE146 

J 

3 5 



b 4 

KS 1 -83-CS INCREMENT ( e m >  SECTION 2 1  
CORE NO. BORING 7 TEST NO. CE147 



tlS 1 -03-CS INCREMENT (cml S-24 I 
CORE NO. B-7 TEST NO. CE148 



KS I -83-CS INCREMENT Icm) S-1 
CORE NO. 8-8 TEST NO. CE174 



APPENDIX B 

TRIAXIAL AND UNCONFINED COMPRESSION 

TEST RESULTS 
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KS1-03-CS INCREMENT (cm) 28F 
CORE NO. 8-3 TEST NO. TE266 

SIGlc' CkPa) 289.8 
SIG3c ' tkPa) 208.0 
INDUCED OCR 1.0 . 
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KSI-03-CS INCREMENT ( c m  1 SEC-24 I 
CORE NO. B -7 TEST NO. TE263 

SIGlcO(kPa) 144 .3  
SIG3c' (kPa) 144.3  
INDUCED OCR 1 
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