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GEOTECHNICAL INVESTIGATION 

PROPOSED BRIDGE SITE 

CRISTINE CREEK 

MILE 615.8 

MACKENZIE HIGHWAY 

OCTOBER 15, 1973 



October 1 5 ,  1973 

Mr. F. E .  Kimball, P.Eng., 
Manager of Northern Roads Program, 
Department of Public works of Canada, 
One Thornton  Court ,  
Edmonton, A l b e r t a .  

Re:  Geotechnical Investigations - Mackenzie Highway 
Proposed Bridge Site ,  Cristine Creek, Mile 615.8 

Dear Mr. Kimball: 

We are pleased t o  submit  o u r  report on t h e  
proposed bridge site across Cristine Creek. 

Should you wish for any e x p l a n a t i o n  o r  ampl- 
i f i c a t i o n  of any p a r t  of this report w e  w i l l  be p l eased  
t o  be a t  your service. 

Respec t fu l ly  submitted, 

R. M. HARDY & ASSOCIATES LTD., 

GM/ j c 
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INTRODUCTION 

at the  r e q u e s t  of Mr. F. E.  Kimball, P.Eng., 

Manager of Northern Roads Program, Department of P u b l i c  

Works of Canada,  Western  Region, R. M. Hardy & Associates 

Ltd. undertook a g e o t e c h n i c a l   i n v e s t i g a t i o n  along part 

of the proposed l o c a t i o n  of t h e  Mackenzie  Highway. 

This  report  deals only  w i t h  t h a t   p a r t  of t h e   i n v e s t i g a t i o n  

a p p e r t a i n i n g  to the proposed b r i d g e  a t  C r i s t i n e   C r e e k .  

The location of t h i s  b r i d g e  i s  shown on mosaic 

s h e e t  No. 4 9  of a set  of mosaics prepared  by t h e  Department 

of Public  Works for t h e  Mackenzie Highway Project. 

The s i te  i s  covered by a e r i a l  photographs Nos. A22773 240 

and 241 (scale 1" = 1000') . The s i t e  is located approximately 

2200 feet downstream of t h e   p o i n t  where t h e  creek i s  

crossed by t h e  Canadian  National  Telecommunications 

right-of-way. 

I n  addition to these mosaics and aer ia l  photographs 

R. M. Hardy & Assoc ia t e s   L td .  w a s  p rovided   wi th  a s k e t c h  

p l a n  and profile showing t h e  proposed crossing. T h i s  

l a s t  drawing i s  entitled "P lan   and   P ro f i l e  Showing 

Proposed Drainage   S t ruc ture  a t  Cristine Creek" and 

is  n o t  dated. I t  was used as the b a s i s  for Plate 1, 

Appendix A. 

A report e n t i l e d   " G e o t e c h n i c a l   I n v e s t i g a t i o n s ,  

I 
I 
1 

Mackenzie  Highway, Mile 544 t o  Mile 635"  has been Previous ly  
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submi t ted  t o  the  Department. The geotechnical c o n d i t i o n s  

are d i s c u s s e d   i n  Volume I ,  while Volume I1 c o n t a i n s  

informat ion  on permafros t  of a more g e n e r a l   n a t u r e .  

We recommend t h a t  these volumes be read  i n  conjunction 

w i t h  t h i s  r e p o r t .  

DRILLING AND TESTING 

Two test  ho le s  were drilled a t  this s i t e  

on March 11, 1973  us ing  a F a i l i n g  1 0 0 0  drill r i g .  Compressed 

a i r  was used as t h e  d r i l l i n g   f l u i d .   D i s t u r b e d  samples 

were ob ta ined  a t  f r e q u e n t   i n t e r v a l s  for water c o n t e n t  

de t e rmina t ions ,  ice d e s c r i p t i o n s   a n d  material i d e n t i f i c a t i o n .  

All samples were tested i n  t h e  field laboratory which 

formed p a r t  of t h e  mobile camp accompanying the o p e r a t i o n .  

Logs of these t e s t  holes are i n  Appendix A. 

TOPOGRAPHY 

The g e n e r a l   d i r e c t i o n  of t h e   d r a i n a g e   i n  

t he  area i s  southwes ter ly  towards the  Mackenzie River. 

The banks  of   Cris t ine  Creek are r e l a t i v e l y  low w i t h  

t h e  v e r t i c a l   d i s t a n c e  from water level t o  t h e  top of 

t h e  v a l l e y  wall  on the south  side being  approximately 

16 fee t  and the ver t ica l  d i s t a n c e  from water level  

t o  t h e  top of t h e  v a l l e y  wal l  on the  n o r t h e r l y  side 

being  8 feet .  The width of t h e  creek a t  t h e  water 

line is  less than 20  feet .  
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SOIL PROFILE 

The approaches t o  t h e   b r i d g e ,  on both  sides 

of t h e   c r e e k ,  are a t  the lower edges of two a l l u v i a l   f a n  

deposits which c o n s i s t  of poorly sorted gravel, sand 

and s i l t  ove r ly ing  clay till. The depth  f rom e x i s t i n g  

ground  surface t o  t h e   c l a y  till is  8 f e e t  on t h e   s o u t h e r l y  

approach  and 1 2  f e e t  on the   no r the r ly   app roach .  A t  

bo th  t e s t  holes   unfrozen  ground was encountered a t  

a depth   o f  8 f e e t  below e x i s t i n g   g r a d e .  We believe 

tha t   t he   f rozen   g round   encoun te red  i n  both t h e s e  test  

h o l e s  w a s  due t o  seasona l  f r o s t  a n d   t h a t   t h e  s o i l  profile 

would be in   an   un f rozen   cond i t ion   du r ing   t he  summer. 

DISCUSSION AND RJ? ,COM."TIONS 

The e f f e c t  of a stream on  the   permafros t  

p r o f i l e  i s  shown on Plate 2 ,  Appendix A. T h i s   c h a r t  

shows t h a t  the thaw bulb beneath a small c reek   can  

p e n e t r a t e  t o  cons ide rab le   dep ths  so t h a t ,   f o r  bridge 

bu i ld ing   pu rposes ,   t he   p re sence   o f   pe rmaf ros t  beneath 

t h e  stream bed  can be ignored.  However it should be 

n o t e d   t h a t  t h e  p e r m a f r o s t   p r o f i l e   b e n e a t h  the sides 

of t h e  stream bed  plunges a t  an ex t r eme ly   s t eep  angle. 

A s  is  well known, the   f low of water i n  no r the rn  
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above  mentioned drawing) so t h a t  on ly  l i m i t e d  scour 

should be expec ted .  The amount  of scour  t h a t  should  

be  expec ted  w i l l  depend an t h e  flow of water d u r i n g  

t h e   h e i g h t  of t h e  sp r ing   runof f  and t h e  c o n s t r i c t i o n  

imposed upon the stream by t h e  br idge  s t r u c t u r e .  

While w e  believe t h a t  it would be f e a s i b l e  

t o  suppor t  the b r i d g e  piers and abutments  on  concrete 

spread f o o t i n g s ,  w e  are of t h e  opinion, t h a t  due t o  

d i f f i c u l t i e s  of l o g i s t i c s ,  it would be desirable t o  

reduce o n s i t e  work t o  the  a b s o l u t e  minimum. We therefore 

recommend t h a t  t h e  b r idge  be suppor ted  on d r i v e n  s teel  

H p i l e s ,  I t  i s  ex t r eme ly   un l ike ly   t ha t   any  o ther  type  

of p i l e  would be f e a s i b l e  at this s i te .  

Steel H piles  which are to be placed on t h e  

banks where they  w i l l  n o t  be a f f e c t e d  by scour should 

be dr iven  a minimum of 30 feet below existing  grade and 

designed on the basis of an allowable s k i n   f r i c t i o n   o f  

800  ps f  (on t h e  g r o s s   p e r i m e t e r )   w i t h  t h e  top 1 0  feet  of 

p i l e   b e i n g  assumed t o  ca r ry   no  load. 

Steel H piles d r i v e n   i n   t h e  stream bed should 

be d r i v e n  a minimum d i s t a n c e  of 2 0  feet below  the bottom 

of a n t i c i p a t e d  scour  and should be designed on the basis 

of the "Table of Pene t r a t ion   Res i s t ance"   fo l lowing .  Design 

parameters  are summarized  on Plate  3 ,  Appendix A .  

I 
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I n   d r i v i n g  H p i l e s   t h e   w e i g h t  of t h e  p i l e  

d r i v i n g  hammer should be a t  least  twice t h e  weight  

of  t h e  p i l e   be ing   d r iven   excep t   where  a d i e s e l  hammer 

is t o  be used when the weight of t h e  hammer should 

b e  a t  least  e q u a l   t o   t h e   w e i g h t  of the p i l e .  To prevent  

damage t o  t h e   p o i n t s   o f   t h e   p i l e s   t h e y   s h o u l d  be r e i n f o r c e d  

w i t h   f l a n g e   p l a t e s   f o r  a d i s t a n c e   e q u a l  t o  1 . 5  times 

t h e  s i z e  of t h e  p i l e .  A l t e r n a t i v e l y ,   t h e  p o i n t  can 

be re in fo rced   w i th  a d r iv ing   shoe .  

Piles should be d r i v e n  t o  refusal or p r a c t i c a l  

r e f u s a l   a c c o r d i n g   t o   t h e   f o l l o w i n g  table of p e n e t r a t i o n  

resistances assuming t h a t   t h e  hammer d e l i v e r s  an energy 

of 1 5 , 0 0 0  f t - l b s .  per blow. 

TABLE OF PENETRATION RESISTmCE 

Desc r ip t ion  Inches   pe r  B l o w  

r e f u s a l  . O O - . O S  

p r a c t i c a l   r e f u s a l  .05-.25 

high r e s i s t a n c e  .25-.50 

medium r e s i s t a n c e  .50-1.25 

I n  order t o  ensure t h a t   r e f u s a l  has been reached,  driving 

should   be   cont inued  for a t  least  1 0 0  blows a f t e r  a 

state of   high resistance i s  f i r s t   r e c o r d e d .  Piles 

driven t o  r e f u s a l ,  as def ined   above ,  should be designed 

f o r   t h e   s t r u c t u r a l   s t r e n g t h   p e r m i t t e d  for t h e   p i l e  
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as a s t r u c t u r a l  column. Cons ide ra t ion  should be g iven  

t o  using b a t t e r e d  piles on t h e  o u t s i d e  of t h e  pile 

bents i n  o r d e r  to provide i n c r e a s e d  l a t e r a l  r e s i s t a n c e  

should the s t r u c t u r a l   d e s i g n e r   c o n s i d e r  t h i s  necessary .  

I f  a drop  hammer is  u s e d   i n   d r i v i n g  t h e  p i l e s ,  

care should be taken t ha t  t h e  e n e r g y   d e l i v e r e d  t o  t h e  

p i l e  is n o t   g r e a t e r   t h a n  5 0 , 0 0 0  f t .  pounds  per  blow. 

One of t h e  problems  facing bridges is t h e  

p o s s i b i l i t y  of log jams occurr ing  which can cause partial 

of complete f a i l u r e  of t h e  bridge. I n  t h i s  case, it 

i s  almost certain t h a t  t h e  e n t i r e   w i d t h  of t h e  river 

a t  high f lood  can be spanned w i t h  one clear span. However, 

i f  such i s  n o t  t h e  case, w e  sugges t  t h a t  t h e  h e i g h t  

of trees growing  adjacent  t o  C r i s t i n e  Creek upstream 

of t h e  b r idge  site should be checked and, should it 

be observed t h a t  there is  a p o s s i b i l i t y  of l a r g e  trees 

be ing  washed downstrem, such facts should be borne 

i n  mind by t h e  b r idge  designer. 

I f  piles are used t o  suppor t  a ver t ical  face 

of embankment f i l l ,  t h e  lateral force a g a i n s t  t h e  p i l e  

can  be  computed by assuming t h e  b a c k f i l l  t o  a fluid 

with  a d e n s i t y  of 60 pounds per cub ic  foot where t h e  

b a c k f i l l  is  not  compacted. 

Embankments cons t ruc t ed  below t h e  highest 

expected flood level should   be   p ro tec ted  w i t h  riprap. 

A s  s u i t a b l e  rock may n o t  be   ava i l ab le ,  sandbags filled 

I 
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with concrete may have to be used. 

Respectfully submitted,  

I 
t 
I 

GM/ j c 
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APPENDIX A 

Section 
Charts  

T e s t  Hole Logs 
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