


Engineering Consultants Ltd. 

A p r i l  3 ,  1974 

Government of Canada 
Pub l i c  Works o f  Canada 
Ope Thornton  Court 
Edmonton, A l  berta 

Attent ion:  Mr.  J.A. Brown, Regional  Director 

Gentlemen: 

Subject: Geotechnical Evaluations - Oscar Creek Crossing 
- Ell i o t  Creek Crossing 

I t  has come t o   o u r   a t t e n t i o n   t h a t  an incorrect  symbol was used i n  
geotechn ica l   repor ts   per ta in ing   to   b r idge  cons t ruc t ion   ac t i v i t ies  a t  the 
Oscar and Elliot Creek Crossings. These reports are  designated Volumes 
XXI and X X ,  respect ively,  We request t h a t  t h e  symbol. N' on l i n e  6 
paragraph 2, subsection 2.2,  Laboratory  Testing,, be changed t o  read F'. 
Thus the corrected  sentence  should  read  (beginning on l ine 4): 

'The system used re ta ins  the symbols V and N for v i s i b l e  and non- 
v i s i b l e  ice, respect ively,  and the  modify ing symbols B and F f o r  
w e l l  bonded and poor ly bonded non-v is ib le  ice respect ively. '  

We t r u s t  the required correct ions do not cause any inconvenience. 
Should  you require corrected versions of  both pages, please  contact  our 
Edmonton office and we will be pleased to undertake  the necessary changes. 

Very t r u l y  yours, 

EBA Engi eering  Consultants Ltd. &&&, 
G.R.  G i l c h r i s t ,  P. Eng. 

GRG: 1mh 

11738 Kingsway Avenue, Edmonton, Alberta T5G OX5 Phone (403) 453.3665 
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1 .  I NTRODUCT I ON 

In conJunction with a geotechnical  engineering  study  carried out from Mile 
725 to Mile 632 of  the  proposed Mackenzie Highway, several major river 
and stream crossings were investigated. The Elliot Creek Crossing, whose 
geographic location is shown'on the Key Plan,  Drawing No. A-1, Appendix A ,  
i s  one such site investigated in detail.  Details of the investigation, 
site conditions, geotechnicel  data and recommendations  pertinent  to  the 
development of  the creek crossing, are reported  herein. 

This work wa5 carried out  for  the  Government of Canada,  Department of Public 
Works, and was  authorized by Contract Number A10/73, File No. 9305-52-307. 

I I .  GEOTECHNICAL DATA  AQUlSiTlON 

2.1 Fleld  Testing 

The evaluation of subsurface conditions has  been  based  on  field  data obtained 
from fourteen  boreholes,  drilled at the locations  shown on Drawing No. A-2, 

Appendix A.. O f  the fourteen boreholes advanced, three were dril led as center 
1 ine borehotes, in conjunction with the  general  route evaluation, and the 
remainder were located  and  drilled specifically to define subsurface conditions 
at the creek crossing. 

The special  boreholes  consisted  of Boreholes 659-S-1 to 659-S-11, inclusive. 
The three center 1 ine boreholes were designated  Boreholes 659-C-2 to 659-C-4, 
inclusive.  Detailed  borehole  logs are presented in consecutive order in 
Appendix B. . 

The center 1 ine boreholes were dril led with a Texoma  Super  Economatic powsr 

auger, fitted with a 12 inch diameter stub auger. All special  boreholes 
were drilled  with a track mounted Mayhew 500 rotary drill rig,  using a 
continuous air  return circulation system.  Boreholes  advanced with this 

& ' .  
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d r i l l   r i g   g e n e r a l l y  were 4-3/4 inches i n  diameter.  Borehole  penetration 

ranged from 5 f e e t   t o  43 feet ,  and averaged 21 feet  i n  depth.  Sampling 

consisted  of   representat ive bag samples, obtained  at  depths o f  23 and 5 
feet, and a t  depth  intervals  of   about 5 feet ,   thereaf ter ,   to   the  bot tom 

of each  borehole.  Undisturbed samples  were not o b t a i n e d   a t   t h i s   s i t e .  

2.2 Laboratory  Testing 

Laboratory   test ing was ca r r i ed   ou t  on the   d i s tu rbed   so i l  samples t o  determine 

the   na tura l   water   con ten t   p ro f i le ,   A t te rberg   l im i ts ,   g ra in   s ize   d is t r ibu t ion ,  

soluble  sulphate  concentrat ion, and pH of the  subsoi l .  The moisture  content 

t e s t s  were undertaken i n   t h e   f i e l d   l a b o r a t o r y  of EBA Englneering  Consultants 

Ltd,  , whi le  a l  1 other   tes t ing  was confined t o  the EBA Edmonton laboratory.  

In add i t ion   to   the   labora tory   tes t ing   ou t l ined  above, a l l  samples  were 

v i s u a l l y   c l a s s i f i e d   i n   b o t h   t h e  EBA f i e l d  and Edmonton labora tor ies .   So i l  

c l a s s i f i c a t i o n  was based on p last ic i ty   accord ing  to   the  extended  Unl f ied 

C l a s s i f i c a t i o n  System ('I* and on tex tu ra l   c l ass i f i ca t i on   acco rd ing  to U . S .  

Engineers Department (2) t e x t u r a l   c l a s s i f i c a t i o n   t r i a n g l e .  

Frozen  ground was c l a s s ' i f  led accord ing  to  a mod i f i ca t i on  of the NRC system 

for describing  permafrost ( 3 ) ;  The mod i f i ca t i on  was necessary because the 

d i s tu rbed   na tu re   o f   t he  sample obta ined  d id   not   permi t   fu l l  usage of  the 

NRC s,ystem; especia l ly   in   descr ib lng  the  formdof  excess ice.  The system 

used re ta ins   the  symbols V and N f o r   v i s i b l e  and non-vis ib le  ice,   respect ively,  

and the modifying symbols B and 6 for  wel l  bonded and poor ly  bonded non-v is ib le  

Ice,  respectively. Excess i c e   q u a n t i t i e s  were estimated  from  visual  observations. 

The r e s u l t s   o f   l a b o r a t o r y  t e s t s  are  presented on the  borehole logs (Appendix B ) ,  

where appl icable,  and on g r a i n  s ize   d is t r ibu t ion   curves ,  Drawings No. C - 1  t o  

C-6 ,  inc lus ive,  Appendix C. Drawing No. C - 7 ,  Appendix C ,  presents a p a r t i a l  

summary o f   l abo ra to ry   resu l t s .  *. 

* Superscripted numers i n  paren theses   re fe r   to   the   L is t   o f  References 
presented a t   t h e  end o f  t h i s   repo r t .  

' ,  
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1 1 1 .  SITE CONDITIONS 

3.1 Surface  Features and Geology 

The proposed  Mackenzie Highway crosses E l l  l o t  Creek a t   M i l e  659.3, approximately 

27 miles  north-west  of  Norman Wells. Drawing A-1, Appendix A ,  i s  a Key Plan 

of the E l l  l o t  Creek area and Drawing No. A-2, Appendix A ,  presents a de ta i l ed  

S i te   P lan .  Plate No. 1, Drawing No. A-3, Appendix A, shows the crossing 

from t h e   a i r   l n  June 1973. 

E l  1 l o t  Creek dra ins a re lat ively  smal l   area  extending  north-east o f  Mount 

Thomas and Mount Morrow. Part  o f  t he   f o rmer   E l l i o t  Creek  watershed has 

probably been captured by the Hanna River and Oscar Creek.. This may expla in  

the existence of a deep gul ly ,   which Is presently  occupied by a r e l a t i v e l y  

small  stream. Because o f   the   smal l  watershed, the summer f l a w   i n  E l l  l o t  

Creek I s  expected t o  be l im i ted .  However, the base f low appears t o  be 

supplemented b y  groundwater seepage from  the  mountains  nearby, hence a 

modest base f l ow  may be maintained  throughout the year .  

Aerfal photographic   in terpretat ion o f  the   sur f i c ia l   geo logy  of the lmmad 

area of E l l i o t  Creek Crossing,  Is shown on Drawing Na. A-2, Appendix A .  

s u r f i c i a l   m a t e r i a l s   a r a   b e l i e v e d   t o  be a l l u v i a l  meander p l a i n  and outwas 

deposi ts   that  have been reworked t o  some degree:by slopewash act ion.  

l a t e  

The 

h 

A t e r r a i n  legend,  whlch  describes  the symbols  used in   t he   t e r ra in   ana lys i s ,  

i s  presented a s  Drawing No. A-2a, Appendix A. 

3.2 Subsurface  Conditions 

Based on  observations from, the  boreholes, a s t ra t ig raph ic   sec t ion   a long 

center 1 ine has been compiled and i s  presented a s  Drawing No. A-4,  Appendix 

A. The general  ized  center  l ine  strat igraphy  noted a t  the s i t e   i s  summarized 

c 

l n  Table 3.2 .1 ,  fo l lowing.  
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TABLE 3.2.1 

STRATIGRAPHY  AT  ELLIOT CREEK CROSSING 

APPROXIMATE 

EXISTING OF TH I CKNESS 
, DEPTH BELOW AVERAGE RA,NGE 

MATER I AL DESCRIPTION  GRADE (FT) (FT) 

PEAT reddfsh brown, fibrous, some silt, 0 - 1  0 - 3  
V5%-20% 

GRAVEL fine ta coarse grained, poorly 1 - 9  2 - 13 
E SAND graded, loose  to dense, same 

silt  and clay,  medium  brown, 
moisture content (M/C)  5% to 
50% avg. 15%, ! NB t o  N F  

CLAY grey, medium  plastic,  silty, 
some sand and pebbles, M/C 
'1 8% to 34% avg . 25%, NB to 
V5% 

9 - Depth o f  Not 
Penetration Established 

The following  additional  information, which may influence  design or constructlon 
decisions, was also obtained during the field investigation. 

1 The maxfmum depth  of  borehole  penetration was 43 f e e t .  

2. Unfrozen  clay was noted in Boreholes 659-C-2 and 
659-S-3 below  depths of 9 and 1.3 feet,  respectively. 

3. A si 1 t pocket was noted in Borehole 659-S-1 between 
the depths of 3 feet  and 5 feet. 

4. Borehole 6594-8 war terminated et a depth o f  5 feet 
due to sloughing  gravel. *. 

& Engineering " Consultants Ltd. 
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5. No borehole  information is available in the  bottom 
of  the creek channel to indicate  the  type  and  nature 
of underlying  subsoil  materials. 

IV. CONCLUSIONS AND RECOMMENDATIONS 

4 . 1  Foundation Types 

Page 5 

At present,  preference is given  to  pile foundation systems supported on 
bedrock.  However,  final selection o f  a foundation  system  should be 

determined in conjunction with economic and structural design considerations, 
as well as further  detailed  geotechnical analyses. The following foundation 
types are believed to be feasible for a bridge structure at the site. 

1. Closed end pipe  piles  driven in pre-bored  hales, 
2. Driven steel H-pi les 

4.2 , Foundation  Design 

A meJor factor  affecting  the  design o f  pila foundations at Elliot  Creek i s  

the noted occurrence of unfrozen zones within the subsoi 1 .  Although 
frozen s o i l  was logged in the  vicinity o f  bridge abutments, the possibility 
of  unfrozen  subsoil  beneath  the  river flood plain and channel  renders  pile 
design, based on soil adfreeze principles,  hazardous. Consequently, It i s  

considered that allowable pile bearing capacities must be determined on 
the basis  of available end  bearing support,  and/or available s k i n  friction 
support o f  ex'isting subsoil  material in the  unfrozen  state. In addition, 
the existence of frozen zones i s  considered to preclude the use of dynamic 
pile formulae as a rational approach to the  determination o f  pi le capacit?es. 
However,  placement o f  piles  through  pile driving techniques will 1 ikely  be 
the most expedient  method of Installation. 

A i '  
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Page 6 

Because o f  a lack o f  data, with respect to s o i l  strength and depth to a 
thaw stable bearing surface, pile designs presented herein are largely 
based  on  empirical data, and must be considered,  only  preliminary in nature. 
Confirmation of the  design  parameters  presented  herein through additional 
f ield and/or  laboratory  testing is considered  necessary. 

The recommended  foundation  types listed in Subsection 4.1, may be designed 
in accordance with the  following  preliminary  design  parameters.  However, 
it is stressed that  the f o l  lowing recommendations are  presented  without 
knowledge o f  final design  highway grades, geometrics, or  bridge design. 
Consequently, the recommendations presented may require reconsideration 
when  these factors becme known. 

4.2.1 End Bearing Pi les 
""1 "- 

It is considered that the only positive method of foundation  support that 
wlll permit  relatively high loads,  without excessive settlements at the 
Elliot Creek Crossing, is an end bearing  pile  system achieving support on 
bedrock  existing  beneath' the site. However, due to  equipment  limitations 
the  maximum depth of d r i l l  penetration was 43 f e e t ,  with bedrock not being 
encountered. 

Based on a review of  bedrock geology of the area, it is believed tha t  shale 
bedrock o f  Upper to Middle Devonian Age (4) may be expected at an  unknown 
depth below  the approximate abutment  locations o f  the proposed  bridge 
crossing. It is recommended that consideration be given  to  the use o f  steel 
end  bearing  piles-  for  bridge  foundation  support.  However, determination o f  

bedrock depth.and properties at the  location of bridge abutments and piers 
i s  a necessary  prerequisite to the determination of a final design p i l e  

capacity. ? *  

& '  
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For prel iminary design  purposes, 'it is .believed that consideration should 
be given to the use o f  closed end  pipe  piles to provide end bearing  support 
in bedrock. It is recommended that piles with a minimum nominal  diameter o f  

12 inches and a minimum weight  of 65 pounds per foot  be used. The design 
length of the  piles must be confirmed on the  basis  of  additional  field 
drilling, however  pile  lengths o f  100f feet may be necessary. 

Installation o f  pipe  piles  will  require  the use of  both drilling and pile 
driving equipment. It is recommended  that  the  piles  be  installed in pre-bored 
holes  having a diameter o f  about 95% of the  pile  diameter,  to  permit a snug 
fit. The pile holes should be prebored at least 5 to 10 feet  into  the bedrock 
and the piles  should be driven to at least the full prebored  depth. A minimum 
driving energy o f  24,000 foot pounds is recommended. Steel H-piles are 
presently  believed to be  less feasible, as preboring  would  result in loss of 
lateral support, and installation without  preboring to the estimated depth 
is anticipated-to meet with high resistance.  Confirmation o f  this, however, 
could be achieved  through  the driving of  test  H-piles at the  site. 

A preliminary  design load capacity of about 170 kips may be  used for the 
foregoing  recommended  pipe  pile section, if the piles  can be driven to 
'refusal' In bedrock. I t  is considered that 'refusal' will constitute a 
penetration of less than 0.1 inch  per blow,  measured over the last  foot  of 
driving with the  recommended  pile driving energy. It is recommended that 
pile driving records be kept for all piles,  for  immediate  review by he 
geotechnical consultant. A pile load test is also recommended  prior t o ,  or 
at the  outset o f  'pile  installation  to  confirm  the load carrying capac i ty  

of  the piles and  permit a correlation t o  the driving records. 

A i E z  ' ,  

8aQ Engineering Consultants Ltd. 
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4.2.2 Friction  Piles 
“““1 

Based on available geotechnical  information at the  Elliot Creek Crossing, 
it is believed  that a significant  probability exists for the successful 
InstaFlation of piles at the site, achieving their load carrying capacity 
primarily through  skin friction between p i l e  and  embedding  soil.  However, 
the present  lack  of  specific  information, with respect to the strength of 

the insitu soils in an unfrozen condition, permits only a preliminary estimate 
of the load carrying capacity of friction p t l e  types. 

Conffrmation of the suitability of friction piles, presentatlon of more 

detailed pile designs, and more precise estimates of pile capacities can 
only be made i f  additional more detailed  geotechntcal  informatlon of 

subsurface deposits is obtained at the  site. 

The following  pile design parameters may be used for preliminary  design and 

estimatlng  purposes, w i t h  the final design  to be confirmed on the basis of 
field  lnstallatlon  records and  load testing. 

a. Driven Steel H-P i les 

As a guide to  the es tablishment of a preliminary pila 
design, it Is recommended that standard  H-piler 70 fee t  

in length  (about 10 feet of  fill assumed at abutments), 
with a minimum nominal size of 12 inches by 12 inches, 
and a minimum weight  of 53 pounds per  foot (CBP124), be 

considered  far  prellminary  design  purposes. I t  is 
. believed that the suggested  pile  section can be driven, 

with an energy o f  24,000 foot pounds to t h e  full length 
o f  the pile. It is believed  that  piles driven to these 
specifications will  permit an allowable static  design 
load o f  60 k i p s  to be used. Al though  preboring is not 

8oQ Engineering Consultants Ltd. 
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considered  necessary for t he   i ns ta l l ae lon  o f  steel   H-pt les,  

through  permanently  frozen  ground a t   t h i s   s i t e ,  i t  may 

be necessary i n  hard  seasonally  frozen  ground and t h i c k  

granular f i l l s   t o  ensure  the  alignment of t h e   d r i v e n   p i l e  

section. ThIs will be p a r t i c u l a r l y   t r u e  i f  very  long 

sec t i ons   a re   t o  be dr iven. 

I t  Is essent ia l   that   the  br idge  approach f i l l  be placed 

t o   f i n a l  grade,  before  preboring and p i l e   d r i v i n g ,   i n   o r d e r  

t o  prevent damage t o   t h e   p i l e s  and t o  ensure  working room 

for  proper  compaction  of  the fill. This sequence o f  

const ruct ion will limlt nega t i ve   sk in   f r i c t i on  load 
on the   p i l es .  On s l ta  inspect ion and supervision of the 

d r i v i n g   o f   t e s t   p i l e s ,   o r   t h e   i n i t i a l   p i l e s   o f  the 
foundation system, i s  considered  absolutely  necessary 

in   o rder   to   es tab l i sh   the   f ina l   des ign   bear ing   capac i ty .  

I t  i s  also cons' idered  essential  that a p i l e   d r i v i n g   r e c o r d  

be m a i n t a i n e d   f o r   a l l   p i l e s .  The dr iv ing   record  o f  a l l  
pi les  should be reviewed by the  geotechnical  consultant, 

'as i s   p r a c t i c a l ,  t o  ensure  the  design  intent ion  is   being 

rea 1 ized . 
b. Prebored  Driven  Closed End Steel   Pipe  Pi les 

Closed end s tee l   p ipe  p i les,   ins ta l led  in   prebored  ho les,  

may also be considered  for  faundat  ion  support.  The 

prebared  hole  size  should be 85 t o  90 percent   o f   the 

ou ts ide   p i le   d iameter  to  ensure a 'snug' f i t ,  and should 

.ex tend  the   fu l l   leng th   o f   the   in tended  p i le   penet ra t ion .  

I t i s   essen t ia l   t ha t  the br idge approach f i l l  be placed q .  

t o  f i n a l  grade before  pre-boring and p i l e   d r i v i n g ,   l n  

i n  order   to   prevent  damage to  t h e   p i l e s  and ensure  working 

room for  proper  compaction of the fill. This sequence o f  

I 

& 
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construction will 
the piles. 

limit negative skin friction loads on 

For  preliminary  design  purpases, it i s  recommended that  
closed end pipe piles with a.minimum length o f  70 feet 
(about 10 feet  of f i l l  assumed at  abutments),  and a 
minimum weight o f  40 pounds  per  foot be considered. The 
suggested  pile  section  should be drtven, with an energy 
of 24,000 foot pounds to the f u l l  length of the pile. 
I t  is believed that  piles  driven  to these specifications 
will permit  en allowable static  design load of 45 kips 
to be used.  Driven  piles  must  penetrate  to at least  the 
f u l l  pre-bored  depth. As for steel H-piles,  inspection 
of the driving of test  piles,  or  the  first few p i l e s  of 

the foundation system, is considered absolutely necessary 
to confirm  or altar the design bearing capacity. It is 
also consldered essential  that a driving record be 

maintained far all piles for immediate  review by the 
geotechnical consultant. 

4.3 Negative Skin  Friction 

The effect of negative skin friction, on individual piles  end  pile groups, 

will be dependent  upon  the occurrence and magnitude o f  both consolidation 
settlement and thaw settlement within the fill surrounding t h e  piles and 
the natural subgrade soils. A t  the crossing site, it is consldered that  

the  near  surface sand and gravel  layer is relatively  thaw stable but al 1 
silty  clay materials, noted  below an average depth of 9 feet  from  existing 
ground surface, are thaw unstable, Consequently,  significant  negative 
skin friction effects can be anticipated on foundation elements within  these 
materials if thawing  occurs.  Substantial  skin  friction effects will also 
be mobilized i n  any road grade fill surrounding  piles if loss of subgrade 
support  occurs. 

& 
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To limit the amount of thawing o f  the subgrade, the  loss  of subgrade support, 
and the magnitude o f  negative skin  friction, fills should be placed 
during the winter  season. In order to further limit potential negative 
skin friction, due to settlement  of the fill itself, it i s  recommended that 
fills be  placed to final grade and pre-boring and installation of piles be 

carried out through the fill. The maximum  time  interval, which is consistent 
with  the canstruciton schedule, should be allowed  between these two phases of 
construction. 

It is extremely difficult to accurately predict  the  anticipated  total 
magnitude o f  negative skin friction loads,  .on any pile  or  ptle group that 
may be  installed at the  subject  site.  Negative  skin  friction develops due 
to the  downdrag  effect o f  the  soil around  the  pile as it thaws and 
consol  tdates. Table 4.3 .1  presents  suggested values (5) for  negat  ive 
skin friction in typical  soils. At the Elliot  Creak  Crossing  the thickness 
of fill  placed  end method of placement will significantly effect  the depth 
and rate o f  thaw wherever  the so i l  is presently  frozen.  However, for 
preliminary design purposes and an assumed depth of abutment fill of 
about 10 feet, i t  i s  bel  ieved  that about 5 fee t  of thaw may take place 
i n  the natural subgrade,which will contribute t o  negative  skin friction. 
This estimate assumes that the fill is placed during the winter on e 
frozen subgrade. 

4.4 . ' Frost Heave o f  Piles 

Frost  heaving o f  piles  can  occur as the active layer freezes each winter. 
During the cold  winter months, the surface soils f reeze and bond to the  pile 
at low temperatures. In soils containing silt and clay,  this shallow surface 
adfreeze, if accompanied by ice  lens formation,  exerts a heaving  force  on 
the pile which  must be resisted by the dead load  on the  pile,  the  avai1abJ.e 
adfreeze bond i n  the permafrost, and/or pile  skin  friction within unfrozen 
soil zones in which the  ptle is embedded. 

AË 
' , 8oQ Engineering Consultants Ltd, 
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TABLE 4.3.1 
NEGATIVE SKIN FRICTION OF UNFROZEN SOIL FOR PILE DESIGN 

( A f t e r  Woodward Lundgren And Associates, 1971) (5) 

DESCRIPTION OF SOIL CATEGORIES DESIGN NEGATIVE SKIN FRICTION 

P = 30d ( X  -I- 2HX)Jr Clean sands  and g r a v e l s   w i t h   l i t t l e  or no 
s i l t  or c lay .   Typ ica l l y :  GW, GP,  SW, SP 

2 
S 

S i l t y   o r   c l a y e y  sand and. gravel   mix tures 
wi th  considerable amounts of s i l t  and c lay.  
T y p i c a l l y :  GM, SM, GC, SC,  SF 

M o d e r a t e l y   p l a s t i c   t o   h i g h l y   p l a s t i c  
inorgan ic   c lays .   Typ ica l l y : .  CL, CH 

Non-p last ic  to s l i g h t l y   p l a s t i c   i n o r g a n i c  
s i l t s  and lean  c lays .   Typ ica l l y :  ML, MH 

Organic s i l t s  and c lays .   Typ ica l l y :  OL, OH 

700 PSF 

800 PSF 

350 PSF 

150 PSF 

* Load developed  on  that   port ion o f  a p i l e  embedded i n  a granular  stratum. 

P = Load developed,  lbs. 

d = Diameter o f   p i l e ,  f t .  

H = Depth o f  overburden to top o f  granular  stratum, f t .  

X = Length of p i l e  embedded in   g ranu lar   s t ra tum,  f t .  

5 

& 
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I n   o r d e r   t o   p r e v e n t   p i l e  heave, i t  i s  necessary t o  check t h e   p i l e   d e s i g n   t o  

ensure  that   the  avai lab le  res is t lng  forces  prov ide an adequate  factor of 

safety  against  seasonal f rost   heaving.  In  general  i t  has been found  that 

a s l i g h t l y  deeper p i l e  embeddment Is the most feas ib le  means o f  overcoming 

undesirable  frost  heaving  stresses, i f  they exceed the sum o f  t h e   t o t a l  

res is t lng   fo rces   d iv ided by the   f ac to r   o f   sa fe ty .  Suggested design stresses 
for   genera l   permafrost   so i ls   are  presented  in   Table 4.4.1 (5) and may be 

used fo r   p re l im inary   des ign  purposes. 

4.5 Subgrade Considerations on Center  Line 

As ind icated  in   Table 3.2 .1 ,  the  s t ra t tgraphy on center   l ine,  on both  sides 

o f   E l l i o t  Creek, i s   s i m i l a r .  A thin  organic  cover,  averaging  about 1 foot  i n  

thickness  (rang  ing from O t o  3 f ee t ) ,  was noted at   several   borehole locations. 
Generally, 2 t o  13 f ee t   o f   g rave l  and sand underlays  the  organic  cover and 
o v e r l i e s  an  unestablished depth o f  s i l t y   c lay .   Es t ima ted   v i sua l  excess i ce  

contents  are  general ly low, wi th   the  except ion  o f  near surface  organic  layers. 

Moisture  contents are  moderate and i t  i s  expected  that firm condi t ions will 
probably   ex is t   in   unf rozen soils dur lng  the summer season. However,a winter  

const ruct ion program is'advocated t o  limit undesirable  d isturbance  to  the 

sub-grade  thermal  regime. 

A l  though no shear s t rength  data  for   unf rozen  so i l  a t  t h e   s i t e   i s   a v a i l a b l e ,  

qua l i t a t i ve   eva lua t i on   o f   t he  shear s t rength   o f  the var ious   s t ra ta  can be 

made from  v isual   observat ions,   ice  content  est imates,   moisture  content 

p r o f i l e s  and c l a s s i f i c a t i o n   t e s t   r e s u l t s .  Based on these  factors, i t  i s  

concluded  that on thawing, medium dense, moderate t o  good shear s t rength 

condi t ions wbll ex is t   i n   t he   g rave l  and sand layer and low t o  moderate  shear 

s t rength will e x i s t   i n  the s i l t y  c l a y .  
*. 

& 
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TABLE 4.4.1 
FROZEN SOIL ADFREEZE BOND STRENGTH FOR PILE DESIGN 
(A f te r  Woodward Lundgren And Associates, 1971) (5)  

\ 

Design  Adfreeze Bond 

Frost  Heaving Soils 1 Stress, f o r  

Design  Category  Applicable  Criteria (PSF) 

Segregated k e  Water Content 
Cond i t ion o f  Soil % 

I -above average No v i s i b l e   i c e ,  15 5000 
soi 1-ice (< 1%) 15 - 40 4000 
cond i   t ion  

I I  -average s o i l - i c e  L i t t l e   v i s i b l e  15 4000 
cond i t ion ice, ( 1  - 10%) 15 - 40 2000 

1 1 1  -below  average  Occasional 15 2000 
soi 1- i ce   v i s ib le   i ce ,  15 - 40 1500 
cond i t i on ( 1  1 - 20%) 

IV -poor s o i l - i c e  Gome v i s i b l e  40 1350 
condi   t ion ice, (21 - 35%) 15 - 40 1350 

V -very poor soi l-   .Considerable 40 
i c e   c o n d i t i o n   v i s i b l e   i c e ,  

(> 35%) Any 

1 Appl ies  only f o r  so i l s   con ta in ing  5% or more of s i l t  or c l a y   s i t e   p a r t i c l e s .  

d 
tJ  

c 

& 
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A l ack   o f   de ta i led   in fo rmat ion ,  w1th regard to  ice  contents, and a need f o r  

soph is t i ca ted   tes t ing  and de ta i l ed  computer analyses, makes i t  Imposslble t o  

accurate ly   predic t  thaw sett lement of f t l l  on frozen materials w i t h  excess 

ice  contents.   Therefore,   only  qual i tat ive  est imates of  thaw sett lement can 

be made a t   t h i s  time. Based on vlsual   est imates  of  excess Ice  content i t  

i s   b e l i e v e d   t h a t   t o t a l  thaw sett lements of average  road  grade f l l l s  (about 

6 feet  thick),  of  about 0.5 t o  1.5 f e e t  can be expected f o r   w i n t e r  

construct ion,  and 1.0 t o  2 .0  f e e t   f o r  summer construct ion.   This  est imate 

assumes thawing o f   t h e  upper 5 t o  10 f e e t  o f  subgrade so i l s ,   bu t  does not 

take  into  account normal consol idatfon  Sett lement  of  the  unfrozen subgrade 

, s o i l s  due to   the  surcharge  e f fects   o f   the  road bed f i  1 1  I n  the case o f  

( peat   so l ls ,  normal consol Idat ion  set t lement can easi ly  reach  50'percent o f  

the  or i ,g inal   th ickness of the  deposit; and can, a s  w i t h  thaw settlement, 

occur f a i r  1 

It . i s  consi 

p lac ing f i l  

t h i s   s i t e .  

being made 

y rap id l y .  
\ 

dered  that   the  convent ional   northern  construct ion  pract ice of 

1 m a t e r t a l   d i r e c t l y  on the  organic subgrads i s   des I rab te  a t  

F i l l s   f o r   b r i d g e  approaches  should be constructed with allowance 

for  the  occurrence o f  thaw subsidence, i f  su f f i c ien t   th ickness  o f  

f I l  1 i s  not  placed t o  preserve  the  frozen sub-grade. A l  lowance f o r  expected 

subsidence  can be  made by e i the r   p rov id ing   ex t ra  f i  11 t o  compensate f o r   t h e  

ant ic ipated  set t lement ,   or   to  upgrade a s  subsidence  occurs, o r  both. A 6 
foo t   th ickness   o f   g ranu lar  f il 1 mater ia l   (non-plast ic)   is   considered to  be 

the minimum depth  for   road  grade  construct lon on under ly ing  f rozen subgrads 

ma ts r la l s  a t  E l l i o t  Creek Crossing. Local f tne  gra ined  mater ia ls ,   ruch as 

s i l t y   c lay ,   a recmot   cons idered  su I tab le   fo r  abutment o r  approach f i l l s .  The 

thickness  of   road  grade  mater ia l   requfred  to  prevent  degradat ion of the 

permafrost can on ly  be predic ted  a f ter   deta i led  theoret ica l   analys ls ,   which 

f s  considered to  be beyond the scope of th is   Inves t iga t ion .  I t  i s  b e l i e v d  

tha t  f 11 1 placement  should be car r ied   ou t   dur ing  the l a te   w ln te r   per iod  

&his 
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t o  minimize  thermal  disturB+?ce, and possible damage t o  t he   ex i s t i ng  

ground  cover and slopes by con 'e ruc t i on  equipment. Snow c l e a r i n g  should 
be c a r r i e d   o u t   p r i o r   t o  a l l  fill p'bcement,  Placement o f   t h e  flll should 

be undertaken by end dumping with  subi-quent  spreading by dozing  equipment. 

A minimum i n i t i a l  l i f t  th ickness  o f  2 feet is suggested. Depending on 

construct  ion complet  ion  schedules,  placement o f  f i l  1s may be staged  for 

several seasons or   car r ied   to   comple t ion  as  construction  progresses. 

\ 

It was n o t   p o s s i b l e   t o   d r i l l   t h r o u g h   t h e  ice i n to   t he  creek bed. Therefore, 

the  extent  and c h a r a c t e r i s t i c s  of  the  creek bed gravel  could  not be 

determined. However, i t  Is  be l ieved  tha t   g rave l   under l ies   the   en t i re  

f l ood   p la in  and grades Into  the  subsurface  gravel,  noted  in  the  boreholes, 

It i s  d i f f i c u l t  to estimate t h e  maximum depth o f  scour,  but  the  presence of 

gravel   Indicates t h a t  high  stream  veloci t ies  occur a t  peak runo f f  and 

s ign i f i can t   dep ths   o f  scou'r may occur. 

4.6 Slope Stabi 1 t ry  Considerat ions 

No evidence o f   r e c e n t   s l o p e   i n s t a b i l i t y  was detected on e i t h e r   v a l l e y  w a l l ,  
i n   t h e  Immediate' v i c i n i t y  of  the proposed crossing. The slope gradient 

along  center 1 ine ranges from  about 2 to,,l3degrees  (about 3 t o  23 percent 

grade) .  Cursory slope s t a b i l   i t y   c a l c u l a t i o n s ,   u s i n g  imp1 led shear strength 

va lues  for  thawed mater ia ls  and the surveyed slope conf igura t ion ,   ind ica te  

an  adequate fac to r   o f   sa fe ty   w i th   respec t  t o  s lope   s tab i l i t y .  Consequently, 

it i s  bel ieved  that  approach f i l l s  can be constructed on the proposed 
alignment In comparative s a f e t y  wl th   respec t   t o   na tu ra l   s l ope   s tab i l i t y .  

However, it i s  recommended that  excessive f t l l  thickness be avoided near the 

crest of   the  s lopes.   In   addi t ion,   cut t ing  or   excavat ing o f  s lope  mater ia l  

I s  not recommended and desired  grades  should be achieved  solely  through 

the  platement of f I l  1 .  q .  

J 

Engineering Consultants Ltd. 



1 
I 
I 
1 
I 
1 

1 
I 
I 

It is considered that rip-rap protection of  the existing def  lned creek 
channel, upstream and downstream of the bridge crossing, may be necessary 
to protect the  stability of approach fills.  Bridge abutments should be 

set as far  back from the  present creek channel  banks as is practicable. 
Fine  grained fil Is should not  be  used  for subgrade construction on the 
flood plain a5 they are easily  eroded. 

4.7 Drainage Considerations 

Approach fills will concentrate runoff  water  along  the  upslope side of 
fills. Therefore, it is considered  essential that considerable effort 
and care be given  to mfnimlzing erosion on the slope parallel to the f i l l .  
Every  effort  should be made to preserve the  vegeta-l llning of all designed 
water courses and wherever this is impossible, coarse gravel should be 
used a5 channel lining. Transverse flow breakers  should be provided at 
frequent intervals to reduce  the rata of runoff  along  the fill and thereby 
reduce  the  potential for erosion by running water.  Spacing of flow breakers 
will become  apparent in the  field  when drainage courses and gradients 
become accurately defined.  Ponding o f  water  adjacent to fills should be 
discouraged as ponded water will  act a s  a heat source for rapid degradation 
o f  permafrost. I t  will al50 tend  to  reduce  the shear strength of the 
subgrade soil  and  road grade fill, unless  the road grade is very granular. 

4.8 Cement Type and Corrosion Considerations 

A representative sample  from  the  crossing  area  was  tested  to determine the 

soluble sulphate concentration and soil acidity. The soluble sulphate 
concentration, determined  rates as considerable and  the pH indicates a 
slightly acidic condition,. Therefore, it is recommended that the  use of 

Type V Sulphate Resistant  Cement be considered,  for  preliminary  design '+ 

purposes, for  all concrete In contact  with the natural soil.  Confirmation 

' .  
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soil sulphate analyses can be performed  prior to constructlon. A mlnlmum 
'28 day' compressive strength of 3000 pounds  per  square  inch is recommended 
for all concrete forming  foundation  elements. 

For  steel  pipe  piles,  extending above grade  or above the ground  water  level, 
corrosion protection may be achieved by painting or  encasement  with  concrete. 
In this Instance,  the  protective  coating  should  extend to a minimum distance 
o f  2 feet  below final grade or minimum anticipated low water  level, whichever 
is deeper. In the case o f  pipe piles,  protective  coating  should be provided 
on  the  interior of the plpes to prevent  possible  corrosion. I f  practical, 
this may be achieved  through filling of the  piles  with concrete. 

4*5 Additional Studies 

In order to more accurately assess such factors as insltu shear strength, 
thaw subsidence, and slope stability, it is desirable to obtain additional 
detailed  geotechnical  information at the  stte.  Such items as acquisition o f  

representative undisturbed  samples of the various soil  types, a thorough 
study of existing local slopes, refined field and laboratory  tests to 
determine shear  'strength and thaw subsidence factors, and a refined  theoretical 
analysis 
i nformat i 

In additi 
i nforma t i 

of these factors, constitute the  additional  detailed  geotechnical 
on that is considered to be desirable. 

on to the desirability of obtaining further detai 
on, It i s  recommended that consideration be given 

led geotechnical 
to establishment 

of a series of closely supervised and documented pile driving and pile load 
tests.  Although preferable, these tests need  not  be carried out  at  actual 
bridge  crossing sites, but may be carried out in areas and,marerlals that 
would be representative o f  general  foundation conditions at most o f  the 

proposed  bridge  sites.  Such  tests  would  provide  valuable  design data on T ,  

which the  design o f  future pile foundation systems could be established. 

&E 
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v. LIMITATIONS 

Page 19 . .  

The foregoing recanmendations have  been  prepared  based  on  our  knowledge of 
existing conditions at Elllot Creek and the  proposed  highway crossing. This  

knowledge has been derived  from  visual,  physical and analytlcal considerations 
of existing soil and slope conditions, which were obtained  from  our  field 
investigation. The findings and comnents presented are believed to accurately 
reflect conditions as they are known to exist. 

Due to the general  nature of the  study  reported  herein, the findings cannot 
be considered  to be a comprehensive assessment of slope and foundat Ton 
conditions at the crossing. Should Conditions be encountered, other than 
described  herein,  the  geotechnical  consultant should be contacted SO tha t  

recanmendations may be evaluated in light of new  findings. 

Respectfully Submitted, 

GRG/tmf 

& 
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Svm bo 1 

AMP 

AMP-2 

T E R R A I N  L E G E N D  

-+* Terra I n Type  Physiographic Features 

Alluvial  Mean- Flat plain often  with 
der Plain sand dunes on it 
(Mackenzie R i ver 
Meander  Plain) 

Alluvial Mean- Flood plains filling 
der Plafn bottom of  the  stream 
(exc 1 ud i ng the  or river valley 
Mackenzie River 
Plain) 

OW Outwash  Plains  Tabular 
or Del.tas 

Topstratum Phasds (Assoc iated with Ter ra  

bad i es 

in Types) 

Materials  Description - 

Sands and silty sands I 

stratif ied or channel 
depos 1 tr 

Fine s i l t ,  sand or  

gravel as channel 
depos i ts 

Sand' and/or  gravel 

SL Slopewash o f  solifluction  features,  Topstratum o f  ice-rich 
poorly sorted silty  clay and silty sand to gravel. 

Complexes  are  shown as combinations o f  two  terrain  types with or without 
phases that pertain to the parent type. 

Terrain  symbojs are modified from Canadian Ga5 Arctic  Study Limited Terraln 
Study for this  area. 

a 

Drautng No. A - 2a 
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SOtL D€SCAIPTION . 

- 
E l  
A i  

SAND - Med. Brown - Gravelly - Loose 
- .  Some silt and Clay - Well Graded. F 

CLAY - Grey - Md. Plasticity - Wet 

U. 

END OF HOLE 18' 

DRILL HOLE REPORT 4 DEPARTMENT OF PUBLIC WORK: 
MACKENZIE HIGHWA' 

1 NO: A22774 - 54 ICHAINAGE 3440 + 25 [OFFSET 

nir to South 1 VEGETATION: Black Spruce 8 Birch JELEV: 35j.j 
l 
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ICE 
DESCRIPTION 

N F  

Unfrozen 

GRAIN- 

= E 0 = WATER CONTENT {O/o OF DRY WEIGHT 1 
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TEST MOLE 
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z. SOIL DESCRIPTION 
m 

-VI 

5: 
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SAND - Gravelly 
- M e d .  Brown - Dense - Poorly Graded - Trace of Silt  and 

iP  

Ciay 

ICE 
OESCRSPTlON 

:v- 335 
51 ZE 

CANADA 

TEST HOLE 

MtLE B,C,S NUMBEF 

i59 1 c 1 3 
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1 E.W. BROOKER 8 ASSOCIATES LTD, , CANADA 
t 

ICE 
OESCRlPTlOH I GRAIN- SlZE 

E 0 1 WATER CONTENT OF DRY WEIGHT 1 SOIL DESCRIPTION 

REMARKS 

" 

t 
~" 

PEAT-Reddish Brown, Fibrous 
GRAVEL - Sandy, N e d .  

V.- 1520% 

NF 

v- O-5% 

North Bank Elliot 

Loose grave I 
sloughing. soil 
would not blow 
out of hole,. 

(Tl LL) Low Plasticity 

CLAY - Grey - Some Si l t  - Med. Plasticity 

IND OF HOLE 19' 
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, CANADA €.W. BROOKER 8 ASSOCIATES LTD. 

TEST HOLE ] su 

SOIL DESCRIPTION 

t SIZE 

J! 

END OF HOLE 30' 
~ ~~ 
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€.W. BROOKER 8 ASSOCIATES LTD. 

GUAVEL- Med. Brown - Sandy - Loose - Well Graded 

ûw 

SAND - Med. Brown 
sw - Sil ty  
io - Gravelly, Traceof 

S f  - Dense S I l t  

- Med. Brown - Some Clay - Silty 
- Low Plasticity 

CLAY - Grey - Silty - Med. Plasticity . 
CI 

'END OF HOLE 20' I 
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SOIL DESCRIPTION 

PEAT - Reddish Brown - Fibrous 

GRAVEL - Reddlsh Brown 
- Sandy, Sane S I  I - Loose - Well Graded 

SAND - Mad. Brown - Med. Grained - Loose, Silty - Poorly Graded 

I 
0 WATER CONTENT (90 OF DAY WEIGHT ) 

;g a= #CE CONT€IVT !% OF SAMPLE VOLUME) 

: 335: 
1 SIZE 

- 
2' 

CANADA 

TEST HOLE 

qII,C.SINVMBE 
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SUMMARY OF TEST RESULTS 
ELL1 OT CREEK CROSSING 

JOB No. E - 517 

559-s-4 5 

559-S-6 10 

WATER 
CONTENT 

MECHANICAL ANALYSIS 
(M.I.T. CLASSI FICATION) CLASSI FICATION REMARKS I 

% 1 %CLAY 1 %SILT I %SAND %GRAVEL 
(UNIFIED) 

9 78 13 SP 

17.0 CI 

I 

I I 1 1 CI IS01 ube Su 1 phates O .  43% 

8t3a EBA ENGINEERING CONSULTANTS LTD. 


