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I INTRODUCTION 

I n  conjunction with a gaotechnical  engineering  study  carried  out  from 
Mi le 725 to Mile 632 of  the  proposed Mackenzie Highway, several major 
river  and  stream crossings were investigated. The Tslntu River Crossing, 
whose geographic location is shown on the Key Plan, Drawing No. A-1, 
Appendix A ,  is one such site investigated in detail.  Details  of the 

investigation, site conditions, geotechnical data and recommendations 
pertinent to the development of the river crossing, are reported  herin. 

This  work was carried out for the Government o f  Canada, Department +of 

Pub1 I C  Works, and was authorized by Contract  Number A10/73, Fi le No. 

I I .  

2.1 

The ev 

9305-52-307 

GEOTECHNICAL DATA AQUlSTlON 

Field  Testing 

aluation of subsurface conditions has  been  based  on  fleld data 
obtained  from  four  boreholes,  drilled at the locations  shown  on Drawing 
No. A-2, Appendix A .  O f  the  four  boreholes advanced, three were drilled 
as center  line  boreholes, in conjunction with the general  route evaluation, 
and the remalnlng borehole was located and drilled specifically to define sub- 
surface conditions at the river crossing. 

The special  borehole and three center line boreholes were designated 
Boreholes 711-S-2 and 7114-7 to 711-C-9, inclusive,  respectively. 
Detailed  borehole  logs are presented in consecutive order in Appendix B. 

The special borehole was drilled with a Texoma  Super  Economatic power 
auger, fitted  with a 12  Inch diameter stub  auger. All center  line 
boreholes were drilled with a track  mounted Mayhew 500 rotary dri 1 1  rig, 
using a continuous air return circulation system.  Boreholes  advanced with 

& 
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t h i s   d r i l l   r i g   g e n e r a l l y  were 4-3/4 inches in  diameter.  Borehole 

penetrat ion ranged from 5 feet  t o  19 fee t ,  and averaged 15.5 f e e t   i n  

depth.  Sampling  consisted o f  representat ive bag samples, obtained a t  

depths o f  2 1/2, 5 and 10 fee t ,  and a t  depth  in terva ls  of about 

4 feet ,   thereaf ter ,   to   the  bot tom o f  each borehole.  Undisturbed samples 
were not  obtained a t  t h i s   s i t e .  

2.2 Laboratory Test i ng 

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

determine  the  natural   water  content  prof i le,   At terberg 1 im i t s  and g r a i n  

s i z e   d i s t r i b u t i o n  of the  subsoi l .  The moisture  content  tests were 
undertaken i n   t h e   f i e l d   l a b o r a t o r y  o f  EBA Engineerlng  Consultants  Ltd., 

w h i l e  a l l  other   tes t ing  was conf  ined 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  €BA f i e l d  and  Edmonton laborator ies.  

S o i l   c l a s s i f i c a t i o n  was based on p las t i c i t y   acco rd ing  t o  the extended 

U n i f t e d   C l a s s i f i c a t t o n  System ( I ) *  and on t e x t u r a l   c l a s s i f i c a t i o n  

according t o  the 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 ang le .  

Frozen ground was c lass i f ied   accord ing  t o  a mod i f i ca t i on   o f   t he  NRC 

system for  descr ib ing  permafrost  ( 3 ) .  The mod i f i ca t i on  was necessary 

because the  disturbed  nature o f  the sample obtained  did  not   permit   the f u l l  
usage o f  the NRC system; espec ia l l y   in   descr ib ing , rhe   fo rm of excess ice. 

The system  used re ta ins   the  symbols V a n d  N f o r   v i s i b l e  and non-v is ib le   ice,  

respect ive ly ,  and the  modifying symbo1s.B and F f o r   w e l l  bonded and poor ly 

bonded non-vis ib le  ice,   respect ively.  Excess ice 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  laboratory  tests  are  presented on 

the  borehole logs (Appendix B ) ,  where appl  icable, and on the   g ra in   s i ze  

d i s t r i b u t i o n  curve,  Drawing No. C-1 ,  Appendix C. Drawing No. C-2, Appendix 

C ,  presents a p a r t i a l  summary of laboratory   resul ts .  

JC Superscripted numbers l n  parentheses  re fer   to   the  L is t  of References 
presented a t  the end o f  t h i s  report. 

AË 
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I I I .  SITE CONDITIONS 

3 . 1  Surface  Features and Geology 

The proposed  Mackenzie Highway crosses  the  Ts in tu  River  a t  Mi l e  71 1.2, 

approximately 10 mi les   sou th   o f   Fo r t  Good Hope, N.W.T.. Drawing A-1 ,  

Appendix A, i s  a Key Plan of the   Ts in tu   R iver   a rea  and  Drawing No. A-2, 

Appendix A, presents a d e t a i l e d  Si te  Plan.  Plates No. 1,  and No. 2 ,  

Drawing No. A-3,  Appendix A,  show the   c ross ing   f rom  the  a i r  i n  June, 1973, 

The Ts in tu   R ive r   d ra ins  a re la t t ve l y   l a rge   a rea   ex tend ing   eas t  of the 

Mackenzie  River and c ross ing  s i t e .  The Ts in tu   R ive r   bas in  i s  f lanked  by 

the Jackfish Creek  and Snafu River  watersheds. The topagraphy i n   t h e  

T s i n t u   R i v e r   b a s i n   i s   r e l a t i v e l y   f l a t .  The summer water   f low i s  expected 

t o  be  moderate  and a low base flow i s  be,lelved t o  ex is t   th roughout  the 

wlnter  months. 

A e r i a l   p h o t o g r a p h i c   i n t e r p r e t a t i o n   o f   t h e   s u r f i c i a l   g e o l o g y   o f   t h e  

immedlate  area of the Ts in tu   R iver   Cross ing ,   i s  shown on  Drawing No. A-2 

Appendix A. The s u r f i c i a l   m a t e r i a l s   a r e   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 ground  moraine  or  r ldge-and-knoll   moraine  deposits. Drift 

covered  bedrock  outcrops  were  also noted a t  i so la ted  locat ions.   Depress ions 

were  noted t o  be l n f i l l e d   w i t h   p e a t y   s o i l .  A t e r r a i n  legend  which 

describes  the  symbols used i n  the t e r r a i n   a n a l y s i s ,  i s  presented as 

Drawing No. A-2a, Appendix A .  

3.2 Subsurface  Condit lons 

Based on  observations  from  the  boreholes, a s t ra t i g raph ic   sec t i on   a long  

center  1 i ne  ha5 been compiled and is   presented as Drawing No. A-4,  Appendix 

A.  The genera l ized center l i n e   s t r a t i g r a p h y   n o t e d  a t  t h e   s i t e   i s  

summarized i n  Table 3.2.1, f o l l o w i n g .  

& 
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TABLE 3 .2 .1  

STRATIGRAPHY  AT  TSlNTU  RIVER  CROSSING 

' APPROX I MATE 
DEPTH BELOW RANGE 
EXISTING OF T H  I CKNESS 

MATERIAL  DESCRIPTION GRADE (FT) P T . )  

PEAT dark brown,  silty E clayey, O - 2.5 1.5 - 3.5 
unfrozen to frozen, NB-VZO%, 
motsture content (M/C) 7% to 
64% 

S I LT grey, organic, low plas- 3.5 - 6.5 2.5 3.5 
(Bore- t i c i  t y ,  unfrozen, M/C 23% 
holes t o  35% 
71 1 - C - 7  
s711-C-8, 
on 1 y) 

CLAY dark brown, sandy, silty 4.2 - 10 . 4  - 7.5 
(TILL) gravel Iy, low plasticity, 
(Bore- some shale, unfrozen, M/C 
holes 10% to 22% 
71 1 -C-8  
E71 1-C-9, ', 

only) 

GRAVEL brown, sandy, some s i l t  s 1.5 - 5(max.depth Not Established 
( T I L L )  clay, boulders E ,cobbles, o f  penetration) 
(Bore- .unfrozen, low plasticity, 
hol B M/C 4% t o  14% 
71 1- 
5-2, 

: only) 

SHALE dark grey, very s o f t ,  low 8.7 - Max. Dept,h N o t   E s t a b l i s h e d  
plasticity, s i  1 ty clay of Penet ra t i on 
shale,  unfrozen ,M/C 7% to 
14% (avg . 10%) 

&E 
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1. The maximum  depth 

ion, which may influence  design  or 
obtained during the f i e l d  investiaglon. 

of borehole penetration was 19 feet .  

2. Permafrost was not observed at any of the borehole 
locations within the depth o f  drilling penetration. 

3. The gravel  til1,noted  near  the surface in Borehole No. 
711-52, i s .  probably of the same origin as the clay- 
ti11 noted i n  Boreholes 71 1-C-8 and 71 1-C-9. A t  

limits  from a depth of 5 feet  ln Borehole 71 
t 

1 

and 10 feet in Borehole 711-C-7, are comparable, 
quantitative. lndicetton of material, simi lari ty 
available. 

I 

erberg 
-5-2 

hence 
5 

4. No borehole information i s  available in the creek bed 

t o  indicate  the type and nature of underlying sub-surface 
materials, 

IV. CONCLUSIONS AND RECOMMENDATIONS 

4.1 Foundation Types 

Only pile foundation systems founded on or in bed'rock are recommended  for 
the support  of a bridge structure at the  Tsintu  River  crossing.  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 t o  be feasible for a bridge structure at the site. 

& 
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1. Driven  closed end pipe  piles 
2. Driven steel  H-piles 
3. Cast-in-place concrete end  bearing  piles. 

4.2 Foundation  Design 

Page 6 

A maJor factor  affecting  the  design of pile foundations at the Tsintu 
River i s  the absence of permafrost and presence of bedrock materials 
at shallow depth  (about 9 f e e t  below grade),  The absence o f  frozen 
zones is considered justification to allow the  use o f  dynamic pile. 
formulae as a supplemental approach to the determination o f  pile  capacitles 
in conjunction with pile  load tests .  The placement o f  piles  through 
plle driving techniques will l i k e l y  be the most expedient method of 
installation. 

Because of a lack o f  data, with respect to soil strength, pi le designs 
presented  herein are largely  based  on  empirical data , and must be 

considered, only  preliminary in nature. Confirmation o f  the  design 
parameters'presented herein  through  addtional field  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, i t  Is stressed that the following recommendations are presented 
without knowledge of final design  highway grades,.geometrics, or bridge 
design. Consequently, the recommendations  presented  may require 
reconsideration when  these factors become known. I t  is considered that 
the only positlve  method of foundation support that  will permit relatively 
high loads,  without excessive settlements at the Tsintu River Crossing, 
i s  a pile  foundation  system  achieveing  support on bedrock  existing 
beneath  the s i t e .  For preliminary  design  purposes, i t  i s  believed t h a t  

consideration should be give to the use of closed end pipe  piles, steel 
H-piles or cast-ln-place concrete end bearing  piles, in bedrock. 

. .  

CiaË 
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4..2.1 Closed End P b e  Pi les 
""" "" 
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I t  is recommended that closed end pipe  piles, with a minimum nominal 
diameter  of 12  inches and a minfmum weight of 65 pounds per foot, be 
used. .The design length o f  the  piles  must  be  confirmed  on the basfs 
of additional  field  testing,  however,  pile  lengths o f  about 60 feat are 
expected to be necessary(assurning 10 f e e t  of abutment fi 1 1 )  Instal  lation 
o f  plpe  piles is not expected to require  the  use of drilling equipment. 
I t  is recommended that the plles be installed by drivlng t o  the specified 
set  or  refusal  criteria. A minimum driving energy o f  24,000 foot  pounds 
is recommended. A preliminary  design load capacity of about 170 kips 
may be used  for the  foregoing  recommended  pipe  plle section, i f  the piles 
can be driven to ' r e f u s a l '  in bedrock. It is considered that 'refusal' 
will constitute a penetratron of lass than 0.1 inch per blow,  measured 
over the last  foot  of drivfng wfth  the  recommended  pile driving energy. 

4.2.2 Steel H-Piles 
"""1 

Steel H-piles are also believed to be feasible, as preboring is  not 
expected to be required.  Installation  without  preboring Is anticipated 
to provide high  end bearing and sktn  frlction  resistance. Confirmation 
o f  this  can be achieved  through  the driving o f  test H-piles at the  site. 
A preliminary  design load capacity o f  about 185 kips may be used for a 
nominal  12  Inch by 12 inch Steel H-pile,  weighing at least 53 pounds 

per foot, driven  to  'refusal'. It is considered that 'refusal'rwill constitute 
a penetration of less than 0.1 Inch  per blow,  measured  over the last foot +"- 

o f  driving with an energy o f  24,000 foot-pounds. 

(a,&!- 

I\ 

I 
I & 
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4.2.3 Cast-in-&lace Concrete End Bearirg  Piles 
"" """-"" "" 

Cast-in-place concrete end bearing  piles are also considered feasible 
at the site.  Installation  would be by.standard drilling techniques, 
utilizing auger drilling machines. A minimum shaft diameter o f  about 
30 inches is recommended  to facilitate inspection and hand cleaning. 
An allowable end bearing capacity of 20,000 pounds per square foot is 
recommended for preliminary  design calculations, assuming  the bell base 
is  placed below a depth of 20 feet from existing  grade. 

4.2.4 General 
"" 

It is recommended  that  pile driving records ba kept f o r  all driven pi les, 
for  immediate  review by the  geotechnical  consultant. A pile load  test is 
also'recommended prior to, or at the outset of  pile  installation to 
confirm the load carrying  capactiy o f  the  pilas and permit a correlation 
to the driving records.  Preboring may be  required through  seasonally 
frozen soi 1 'or dense granular fi 1 1 ,  ,to ensure pi le al fgnment and prevent 
damage to the pili element. It is essential t h a t  the bridge approach 
f i l l  be  placed  to  final grade,,before preboring and pile driving, in order 
to  prevent damage to the  piles and to ensure working room  for  proper 
compaction of the f i l l .  This sequence o f  construction will limit negative 
skin  friction load on the piles. On site Inspection and supervision o f  

the driving of  test  piles,  or  the initial piles o f  the foundation system, 

is considered absolutely necessary in order to establish the final design 

bearing  capacity. It is also considered  essential that a pile driving 
record  be maintained  for al 1 piles. The driving record of al 1 piles 
should be reviewed by the geotechnical consultant, as is practical, to 
ensure the design  intention is being realized. 

! ,  

& 
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4.3 Negat ive  Sk in  Fr ic t ion 

The e f f e c t   o f   n e g a t i v e   s k i n   f r i c t i o n ,  an Ind i v idua l   p i l es  and p i l e  

groups, w i  1 1  be dependent upon the  occurrence and magnitude o f  both 

consol   idat ion  set t lement and thaw set t lement   wi th in   the f i l l  surrounding 

t h e   p i l a s  and the  natural  subgrade s o i l s .  A t  the  cross ing  s i te ,  i t  i s  

considered  that  the near surface  peat, s i l t  and c lay  till layers are  

r e l a t i v e l y  thaw unstable  but a l l   ma te r ia l s   no ted  below a n  average  depth 

o f  about 9 fee t   f rom  ex is t ing  ground surface  are thaw stable.  Consequently, 

n e g a t i v e   s k i n   f r i c t i o n   e f f e c t s   a r e   a n t i c i p a t e d  on foundation  elements 

w i t h i n  near surface mater ia ls  i f  these  materi'als a re  frozen when f i l l  
is   p laced and thawing  occurs a t  a l a te r   da ta .  A t  the  t ime o f  t h i s  

I i nvas t i ga t i on  (December, 1972 and January, 1973), permafrost was not 

noted and the seasonal f ros t   dep th  was 1 imi ted t o  about 1 foot .  Substantial 

n e g a t i v e   s k i n   f r i c t i o n   e f f e c t s  may be mobi l ized  in  road grade f i l l  surroundtng 

p i l e s  i f  loss o f  subgrade  support  occurs. 

To limit the amount of   thaw-sett lement  of  the subgrade, the loss o f  

subgrade  support, and the  magnitude of n e g a t i v e   s k i n   f r i c t i o n ,   f i l l s  

should be placed  during  the summer season. I n   o rde r   t o   f u r the r  limlt 

p o t e n t i a l   n e g a t i v e   s k i n   f r i c t i o n ,  due to  set t lement o f  the fill i t s e l f ,  

i t  i s  recommended t h a t   f i l l s  be pladced t o  f i n a l  grade and t h e   i n s t a l l a t i o n  

o f   p i   l e s  be carr ied  out   through  the f i l  1 .  The maximum t ime  ih terva l ,  

which i s  consistent  wi th  the  construct ion  schedule,  should be allowed 

between these two phases o f  construct ion.   Consol- idat ion  set t lement  of   the 

peat, s i l t  and c lay  (till) i s  expected t o  be o f   s i g n i f i c a n t  magnitude 

and thus a con t r i bu t i ng  factor t o  nega t i ve   sk in   f r i c t i on .  



E - 517 Page 10 

I t  i s  extremely d i f f i c u l t   t o   a c c u r a t e l y   p r e d i c t   t h e   a n t i c i p a t e d   t o t a l  

magnitude o f   nega t i ve   sk in   f r i c t i on   l oads ,  on any p i l e   o r  p i l e  group 

t h a t  may be i n s t a l l e d  a t  the   subJec t   s i te .   Negat ive   sk in   f r i c t ton  

develops due to the downdrag e f f e c t  o f  the s o i l  around t h e   p i   l e  as the 

sot1 thaws and consolidates. Table 4.3.1 
f o r   n e g a t i v e   s k i n   f r i c t i o n   i n   t y p i c a l   s o i l s .  A t  the  Tsintu  River  Crossing 

the  th ickness  of  f i l l  placed,  t iming and method o f  placement will 
s i g n i f i c a n t l y   e f f e c t   t h e   d e p t h  and r a t e  of thaw wherever t h e   s o i l   i s  

frozen 

(4) presents  suggested  values 

4.4 Frost  Heave of Piles 

Frost  heaving of p i l e s  can  occur as the   ac t i ve  layer freezes each wfnter.  

Dur ing  the  cold  winter mon.ths, th0 surface soi ls  f r ,eeze and bond t o  the 

p i l e  a t  low  temperatures. I n  soils containing s i l t  and c l a y ,   t h i s  

shallow surface  adfreeze, i f  accompanied by i ce  lens fo)mation,  exerts 

a heaving  force on the   p i l e   wh ich  must be res is ted by the dead load on 
the  p i le ,   the  avai lab le  adf reeze bond in  the  permafrost,  and/or p i l e  

s k i n   f r i c t i o n   w i t h i n   u n f r o z e n   s o i l  zones i n  which  the p i l e  i s  embedded. 

In   order  t o  prevent pile heave, i t  i s  necessary t o  check t he   p i l e   des ign  

t o  ensure   tha t   the   ava i lab le   res is t ing   fo rces   p rov ide  an adequate factor  

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

t h a t  a s l i g h t l y  deeper p i l e  embeddment i s   t h e  most f eas ib le  means o f  

overcoming  undesirable f rost  heaving  stresses, i f  they exceed th0 sum of 
t he   t o ta l   res i s t i ng   f o rces   d i v ided  by t h 0   f a c t o r   o f  safety. Suggested 

design  stresses  for  general  permafrost  soi ls are presented i n  Table 4.4.1 
and may be used for  prel iminary  design purposes. 

( 4 )  

&k 
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TABLE 4.3.1 
NEGATIVE  SKIN  FRICTION OF UNFROZEN SOIL FOR PILE DESIGN 

(After  Woodward  Lundgren  And  Associates, 1971) 4 

DESCRIPTION OF SOIL CATEGORIES DESIGN NEGATIVE SKIN FRICTION 

Clean  sands  and  gravels  with 1 lttle or Ps = 30d (X + 2HX))k 
no silt or  clay.  Typlcally: GW, GP,  
sw, SP 

2 

Silty  or  clayey sand and gravel  mixtures 700 PSF 
w i t h  constderable  amounts  of sllt and 
clay.  Typically: GM, SM, GC, SC, SF 

I Moderately  plastic to highly  plastic 800 PSF 
inorganic  clays.  Typically: CL, CH 

Non-plastic to sl lghtly  .plastic  inorganic 350 PSF 
silts  and  lean  clays.  Typically: ML, MH 

Organic s i  Its  and  clays.  Typically: OL, 'OH 150 PSF 

* Load  developed on that  portion o f  a pile embed.ded in a granular stratum. 

Ps = Load developed, lbs. 
d = Diameter o f  pile, f t .  

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

X = Length of pile embedded in granular  stratum, ft. 

& 
8oQ Engineering Consultants Ltd. 
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TABLE 4.4.1 
FROZEN SOIL ADFREEZE BOND STRENGTH FOR P I L E  DESIGN 
(A f te r  Woodward Lundgrcn And Assoiatas, 1971) (4) 

Design Adfreeze Bond 

Frost  Heaving  Soi ls 
Stress, f o r  

Des i gn   Ca tegory   App l i cab le   C r i t e r i a  ( P W  

Segregated Ice Water Content 
Cond i t  i on  o f  S o i l  % 

, .  

I -above aver- No v i s i b l e   i c e ,  15 5000 
age s o i l - i c e  1%)  15 - 40 4000 
condi t l o n  

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

1 1 1  -below aver-  Occasional 15 2000 
age s o i l - i c e   v i s i b l e  ice ,  15 - 40 1500 
cond f t i on ( 1  1 - 20%) 

IV -poo r   so i l -  Some v ' i s i b l e  40 1350 
ice cond i t i on   i ce ,  (21 - 35%) 15 - 40 1350 

V -very  poor Considerable .4 O 
' s o i l - i c e   v i s i b l e  ice,  

cond i t ion (> 35%) Any 

900 

700 

1 
App l ies  o n l y  f o r   s o i l s   c o n t a t n l n g  5% or more o f  s i l ' t  o r   c l a y  s i t e  
p a r t i c l e s .  

< ,  

& 
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4;s Subgrade Considerations on Center  Line 

I 
I 
I 
1 

As indicated  in  Table 3 . 2 . 1 ,  the  s t ra t igraphy on center   l ine ,  on both 

sides of  the  Tsintu  River i s  s i m i l a r .  An organic  cover,  averaging 

about 2 . 5  feet   in  th ickness  (ranging  f rom 1.5 t o  3.5 f e e t ) ,  was noted a t   a l l  

borehole  locations. The organic  layer ranged  from unfrozen  to  f rozen, 

w i t h   v i s i b l e  ice  being  observed  (up t o  20 percent by volume noted) The 

natural  moisture  content ranged from 7 t o  64 percent. A l a y e r   o f   s i  1 t 
was logged i n   t h e   v i c i n i t y  o f  the  r iver  channel  between average depxhs 

of  3.5 and 6 . 5  feet   ( th ickness ranges  from 2.5 t o  3.5 feet) .   Al though 

the s i l t  layer was unfrozen,  the  natural  moisture  contant was r e l a t i v e l y  

high (23 to 35 percent) Clay till and gravel till were  noted between 

e i ther   the   sur face   o rgan ic ,   layer   o r   s i  It and the underlying  shale 

bedrock. The till 1ay.ers were unfrozen and e x i s t e d   a t  a r e l a t i v e l y  low 

natural  moisture  content (ranged  from 4 t o  22 percent) The under ly ing 

shale i s  unfrozen, and was noted t o  possess a r e l a t i v e l y  low moisture 

content  (average  moisture  content 10 percent,  ranging  from 7 t o  14 
percent). The near  surface so i l   layers  are  expected  to  be r e l a t i v e l y  

so f t   dur ing   the  summer season. However, a summer construction  schedule 

i s  recommended to   avo id  subsequent thaw-settlement  problems  that  would 

be associated  wi th   winter  fill placement.  Although no shear strength 

da ta   f o r   un f rozen   so i l   a t   t he   s i t e  i s  ava i lab le ,   qua l i ta t i ve   eva lua t ion  

of   the shear strength of the  var ious  s t ra ta can be made from  visual 

observat ions,   ice  content  est imates,   moisture  content  prof i les 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  moderate t o  good shear strength  condi t ions will ex is t   i n   t he   g rave l  

and c lay  t i  11 ,  and shale,  but  low  shear  strength will ex is t   i n   t he   pea t  

and s i l t  layers. 

8oQ Engineering Consultants Ltd. 
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I 
I 
I 
I 

Assuming t h a t  .a summer construct ion  program  is  undertaken, i t  i s  

an t i c iapa ted   t ha t   t he   f ounda t ion  soil will be e n t i r e l y   f r o s t   f r e e ,  

thus  thaw-sett lement will be non-ex is tant .  I f  win te r   cons t ruc t i on  i s  

selected, i t  i s   an t i c ipa ted   t ha t   t haw-se t t l emen t   o f   t he   app roach  f i l l  

will range  from 0.5 t o  1 .O f e e t .  These estimates of sett lement  do 

not   take  in to   account   normal   consol idat ion  set t lement  o f  the  unfrozen 

subgrade  soi Is due t o  the surcharge  e f fects  o f  the  road bed f i  1 1  . I n  

t h e  case o f  peat   so i ls ,   normal   consol idat ion  set t lement   can  eas i ly   reach 

50 percent o f  the o r i g i n a l   t h i c k n e s s  o f  the deposi t ;  and can, as w t t h  

thaw  set'tlement,  occur f a i r l y   r a p i d l y .  

I t  i s  cons idered  tha t   the   convent iona l   nor thern   cons t ruc t ion   p rac t ice  of 

p l a c i n g  f i l l m a t e r i a l   d i r e c t l y  on the  organic  subgrade need no t  be 

fo l lowed a t  t h i s  s i t e .  It i s . b e l e i v e d   t h a t  i f  the   o rgan ic   l aye r  can  be 

s t r ipped,   w i thout   ser ious   cons t ruc t ion   p rob lems,   s ign i f i can t   se t t lement  

can  be  avoided. F i l l s   f o r   b r i d g e  approaches should be cons t ruc ted   w i th  

al lowance  being made by e i t h e r   p r o v i d i n g   e x t r a  fill t o  compensate f o r  the 

a n t i c i p a t e d   s e t t l e m e n t ,   o r  to  upgrade a s  subsidence  occurs, or both. 

A 6 f oo t   t h i ckness  o f  g ranu lar  f i  1 1  mater ia l   (non-p las t ic )   i s   cons idered 

t o  be the  minimum depth  for   road  grade  const ruct ion  a t   the  Ts in tu  River  

Crossing. Local f ine   g ra ined  mater ia ls ,   such as s i l t ,  or c l a y  and 

g rave l  til 1 ,  are  not   cons idered  su i tab le  for   abutment  o r  approach f i  I l s .  

The th ickness o f  road  grade  mater ia l   requi red  to   prevent  seasonal f r o s t  

pene t ra t i on  of t he  subgrade can  only be p r e d i c t e d   a f t e r   d e t a i l e d   t h e o r e t l c a l  

analysis,   which i s  considered t o  be  beyond the scope of t h i s   i n v e s t i g a t i o n .  

I t  i s  bel ieved t h a t  fill placement  should be c a r r i e d   o u t   d u r i n g   t h e  

l a t e  summer pe r iod  t o  avoid  const ruct ion  on a frozen  subgrade and  sub- 

sequent  thaw-settlement. Possible damage to   the   ex is t ing   g round  cover  and 

slopes  by  construction  equipment i s  most c r i t i c a l   a t   t h i s  t ime of year, 

hence special  precautions  are  advised.  Placement o f  the  fill should  be 

undertaken  by end dumping w i t h  subsequent  spreading  by  dozing  equipment. 

A minimum i n i t t a l  l i f t  thickness of 2 feat  i s  suggested.  Depending  on 

construct ion  complet ion  schedules,   p lacement  of  f i l l s  may be s taged  fo r  

several   seasons  or  carr led t o  completi'on a5 construct ion  progresses. 

I 
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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   i c e   i n t o   t h e   c r e e k  bed. 

Therefore,   the  extent  end c h a r a c t e r i s t i c s  of the  creek  bed  gravel  

cou ld   no t  be determined. 

4.6 SloDe Stab i l i t v   Cons ide ra t i ons  

Page 15 

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 de tec ted   on   e i t he r   r i ve r  

bank i n   t h e  immediate v i c i n i t y  o f  the  proposed  crossing. The s lope 

grad ien t   a long  center   l i ne   ranges   f rom  neg l ig ib le  to  about 16 degrees 

(about O t o  28 percent  grade) a t   t h e   r i v e r  banks.  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 ied  shear  strength  values for thawed 

mate r ia l s  and the surveyed  s lope  conf igura t ion ,   ind ica te  an  adequate 

factor o f  s a f e t y  with respect t o  slope s t a b i l i t y .  Consequently, it i s  

bel ieved  that   approach f i l ls  can be constructed  on  the  proposed  al ign- 

ment i n  comparat ive  safety   wi th   respect  t o  n a t u r a l   s l o p e   s t a b i l i t y .  

However, i t  is recommended that   excess ive fill thickness  be  avoided  near 

t h e   c r e s t  o f  t h e   r i v e r  banks. In add i t ion ,   Gut t ing   o r   excavat ing  of s lope 

m a t e r i a l   i s   n o t  recommended and desired  grades  should  be  achieved  solely 

through  the  p lacement  of  f i l l .  

I t  i s   c o n s i d e r e d   t h a t   r i p - r a p   p r o t e c t i o n   o f   t h e   e x i s t i n g   d e f i n e d   r i v e r  

channel,  upstream and  downstream o f  the   b r idge  c ross ing ,  may be necessary 

t o   p r o t e c t   t h e   s t a b i l i t y   o f  approach f i l l s .   B r i d g e  abutments  should be 

s e t  as  f a r  back  from  the  present  r iver  channel banks  as i s   p r a c t i c a b l e .  

F i n e   g r a i n e d   f i l l s   s h o u l d   n o t  be  used for rubgrade  construct ion  on  the 

f l o o d   p l a i n  as  they  are  eas i ly   eroded.  

Engineering Consultants Ltd. 
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4.7 Dra,inage  Considerations 

Approach f i l l s  will concentrate  runoff  water  along  the  upslope  side of 

f i l l s .  Therefore, i t  i s  considered  essent ia l   that   considerable  ef for t  

and care be given  to  minimize  erosion on the   s lope   pa ra l l e l   t o  the 

fill. Every e f f o r t  should be made to  preserve   the   vegeta l   l i n ing   o f   a l l  

designed  water  courses and wherever th is   is   impossib le ,   coarse  gravel  

should be used as channel l ining.  Transverse  f low  breakers  should be 

provided a t  f requent   in te rva ls   to  reduce, the ra te   o f   runof f   a long  the  

f i l  1 and thereby  reduce  the  potential for  ero i s ion  by running  water. 

Spacing of   f low  breakers will become apparent i n  the f i e l d  when drainage 

courses and gradients become accurately  def ined. Ponding o f  water  adJacent 

t o  f i l l s  should be discouraged as ponded water will tend t o  reduce  the 

shear s t rength   o f   the  subgrade soil and road  grade fill, unless  the  road 

grade is   very   granular . '  

4.8 Cement Type and Corrosion  Considerations 

Representative samples from  the  crossing  area were not  tested  to  determine 

the soluble  sulphate  concentrat ion and soil a c i d i t y .  However, i t  i s  

recommended that   the use o f  Type V Sulphate  Resistant Cement be considered, 

for   pre l iminary  des lgn puposes, f o r   a l l   conc re te   i n   con tac t   w i th   t he  

natura l  s o i l .   S o i l  sulphate analyses  are recommended p r i o r  t o  construct ion.  

A minimum ' 2 8  day' compress Ive  s t rength o f  3000 pounds per square inch 

i s  recommended for  a l l   concrete  forming  foundat ion  e lements.  

For   s tee l   p i les,   extending above grade  or above the ground  water l eve l ,  

cor ros ion   p ro tec t ion  may be achieved by p a i n t i n g   o r  encasement wi th  concrete.  

In  th is  instance,  the  protect ive  coat ing  should  extend t o  a minimum distance 

! 

c 

& 
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of 2 f ee t   be low  f i na l   g rade  or minimum a n t i c i p a t e d  low water   leve l ,  

whichever i s  deeper.   In  the case o f  p i p &  p i l e s ,   p r o t e c t i v e   c o a t i n g  

should be provided  on the i n t e r i o r  o f  the p ipes   to   p revent   poss ib le  

cor ros ion .  I f  p r a c t i c a l ,  this may be achieved  through f i l l i n g  of the 
p i l e s   w i t h   c o n c r e t e .  

4.9 Addi t ional   Studies 

I n  o rder  t o  more accura te ly  B S S ~ S S  such fac to rs  as  i n s t t u  shear  strength,  

and slope s t a b i l i t y ,  i t  i s  d e s i r a b l e  to  o b t a i n   a d d i t i o n a l   d e t a i l e d  

geotechnica l   in format ion a t  t h e   s i t e .  Such items as  a c q u i s t t i o n  of 

representa t ive   und is tu rbed samples of t he   va r ious   so i l   t ypes ,  a thorough 

study of e x i s t i n g   l o c a l   s l p p e s ,   r e f i h e d   f i e l d  and labo ra to ry  tests t o  

determine  shear  strength  and a r e f i n e d   t h e o r e t i c a l   a n a l y s i s  o f  these 

f a c t o r s ,   c o n s t i t u t e   t h e   a d d i t i o n a l   d e t a i l e d   g e o t e c h n i c a l   i n f o r m a t i o n  

t h a t  i s  considered t o  be des i rab le .  

In  a d d i t i o n  to t h e   d e s i r a b i l i t y  of obta in ing   fu r ther   de ta i led   geotechn ica l  

in format ion,  i t  i s  recommended tha t   cons ide ra t i on  be g iven to establ ishment 

0 f . a  se r ies  o f  c lose ly   super ivsed and documented p i l e   d r i v i n g  and p i l e  

load tests .   A l though  preferable,  these t e s t s  need no t   be   car r ied   ou t  a t  

ac tua l   b r i dge   c ross ing   s i t es .  Such tests   would  prov ide  va luable design 
data  on  which  the  design o f  f u t u r e   p i l e   f o u n d a t i o n  systems  could  be 

establ ished.  

V .  LIMITATIONS 

The foregoing  recommendations  have been prepared based on our  knowledge 

of e x i s t i n g   c o n d i t i o n s  a t  the Ts in tu   R ive r  and proposed  highway  crossing. 

This  knowledge has  been der ived  from v isua l ,   phys ica l  and a n a l y t i c a l  

& 
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considertions of  existing soil and slope cond 

Page 18 

itions, which were obtained 
from  our  field  investigation. The findings and comments 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 
foundation conditions at the crossing. Should conditions be encountered, 
other than described  herein,  the  geotechnical  consultant  should be 
contacted so that recommendations may be evaluated in light o f  new  ftndings. 

GRG/ tmf 

&k 
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' TERRAIN  LEGEND 

SYMBOL  TERRA.1 N TYPE PHYSIOGRAPHIC FEATURES MATERIALS DESCRIPTION 

AMP-2 A l l u v i a l  Meander F l o o d   p l a i n s   f i l l i n g   F i n e   s i l t ,  sand or 
Pla in  (exc lud ing bottom of the  stream  gravel as channel 
the Mackenzie o r   r i ve r   va l l ey   depos i t s  
River   P la in)  

BR Bed rock Outcrop to  continuous 
y i dge 

I 

Exposed rock  to   rock 
with general ly  less 
than 5 feet of  cover 

GM Ground Moraine F l a t  t o  broad  gentle Silt till t o  &lay 
(undi f ferent ia ted)  slopes till usual ly  srne 

sand and gravel 

RKM Ridge-and-knoll  Drumlinized till p l a i n  Molded basal till low 
Moraine  Roll  ing  large 1 i n e a r   p l a s t i c   s i l t y - c l a y  till 

features 

Tbpstratum Phases (Associated with ,Terrain Types) 

D f  Thin ( O - 10 feet)  o f   d r i f t  over  bedrock  surface 

PT Mixed bog and fen peats in  pos t   g lac ia l  ponded depression 

Complexes are shown as combinations of two te r ra in   t ypes   w i th   o r   w i thout  
phases tha t   per ta in   to   the   paren t   t ype .  

Terra in  Symbols are  modif ied from Canadian Gas A r c t i c  Study Limited  Terrain 
Study f o r   t h i s  area. 

Drawing No. A-2a 

AË 
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PLATE No. 1 

Ts in tu   R ive r   C ross ing  
N o r t h   i s  t o  t h e  top  of 
the  p l a t e ,  The proposed 
c r o s s i n g  i s  on t h e  main 
n o r t h - s o u t h   c u t l i n e .  

PLATE No. 2 

Ts in tu   R ive r   C ross ing  
North i s  t o  the r i g h t  
o f  the p l a t e .  

Drawing No. A - 3  

E.W Broaker & Associates Ltd. 
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€.W. BROOKER & ASSOCIATES LTD- T 
'CI 

SOL OESCAIPTION 

PEAT - Dark BrowntOrganic 

GRAVEL (TILL) 
- Med. Brown, Sandy, 

'Some S i l t  & Clay, Lou 
Plasticity, Angular. 8 
Subangu lor, loulders 
or Cobbles 

END OF HOLE 5' 

DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY 
I OFFSET ) NO: A23002 - 108 1 CHAINAGE: 703 +a 

DRAINAGE: we I I Drained I VEGETATION: Burnt Out Black Spruce [ELEV: 435.5' TEST HOLE 512 
I I  I I 

ICE 
DESCRIPTION 

NB -V 20 

Unfrozen 

l 1 GRAIN" SIZE I 



r 1 DRILL HOLE REPORT DEPARTMENT OF PU8LIC WORKS, 
MACKENZIE HIGHWAY 

1 NO: A22859-128 ICHAINAGE: 706 + 50 OFFSET 
DRAINAGE: 'Ood to 'Outh 1 VEGETATION: W i [ l o w  - Gross 

" 

DRILL HOLE REPORT DEPARTMENT OF PU8LIC WORKS, CANADA 
MACKENZIE HIGHWAY 

1 NO: A22859-128 ICHAINAGE: 706 + 50 OFFSET 
DRAINAGE: 'Ood to 'Outh 1 VEGETATION: W i [ l o w  - Gross 

" 

E.W. BROOKER & ASSOCIATES LTD. CANADA 

TEST HOLE 
Cl 05 

M L €  B,C,S NUMBER ICE 
DESCRIPTION 

I I GRAIN- 

SOIL OESCRIPTION 
' I  

3 

PEAT - Dk. Brown, Silty, 
Clay Peat 

v 5-10 
30' North of No-th 
Bank of Tsintu River 

Surrounded by 2 5 - 3 5 '  
Spruce 

SI LT 
- Grey,Organic . - 

Unfrozen 

SHALE 

- Dk. Grey, Very Soft, 
Silty Clay Shale, Low 
Plasticity 

4 5  

5 5  

i i 
!4 

END OF HOLE 19' 



E E.W. 8RUOKER 8 ASSOClATES LTD- DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY 
LO ENG, L A B  IDATE ORILLE0~2/3/72fAlRPHOTO NO: A22859 - 128 I CHAINAGE: 707 + 82 

P t  PEAT - Dk. Brown, Orgonic, 
. Silty Peat 

SILT 
OJ - Grey, Organic Silt, 

Low Plasticity 

CLAY 
CL (TILL)-Dk. Brown, Very 

Gravelly, Silty, 
tow Plasticity 

SHALE 
CL - Dk. Grey, Very Soft 

Silty Clay Shale 

END OF HOLE 19' 

DRAINAGE q 

ICE 
DESCRIPTION 

v 2-5% 

Unfrozen 

1 '  1 GRAIN- SI2 

_I REMARKS 

I 40' South of South 
b n k  of Tsintu River. 

Suriounded 
Spruce 

by 25-35' 



Organic Topsoi I 

CLAY 
fllLL).Dk. Brown, Sandy, 

Silty, Some Gravel & 
Shale Fragments, Low 
Plasticity, Moist 

I 
€ND OF HOLE 19' 

O z 
3 
O 

ICE 
f $ DESCRIPTION 
n 2  
- N  

F NB 

Unfrozen 

REMARKS 
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~ œ ~ ~ ~ œ œ m œ œ u a u m ~ m . ~ + - - m  
. SUMMARY OF TEST RESULTS TSINTU R I V E R  CROSSING JOB No. E-51 7 

DEPTH WATER 
NATURAL 

REMARKS CLASSIFICATION ‘I wP wL CONTENT 

Atterberg tirnits 
MECHANICAL  ANALYSIS 

HOLE (M.I.T. CLASSI FICATION) 
SOIL 

(UNIFIED} 
feet %SAND %GRAVEL %SILT %CLAY % % x % 

.. .. 

7 I 1 -S-2 GW 57 32 ..i 1 2- 1 /2 

5 CL 18.9 14.8 33.7 14.0 

71 1-C-7 CL 13.5 20.0 33.5 13.7 10 

1 

I 
t 
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