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R.M.HARDY & ASSOCIATES LTD. 
CONSULTING  ENGINEERING & TESTING GEOTECHNICAL DIVISION 

File No. E-2510 

October 1 6 ,  1 9 7 3  

Mr. F. E .  Kimball, P.Eng. 
Manager of Northern Roads Program, 
Department of Public Works of Canada, 
One Thornton Court ,  
Edmonton, Alberta. 

Re: Geotechn ica l   Inves t iga t ion  
Mackenzie Highway 
Proposed Bridge Site ,  Vermilion Creek 
Mile 605.6  

Dear M r .  R i m b a l l :  

We are p leased  to submit a report  on t h e  
proposed bridge s i t e  a t  Vermilion  Creek. A s  you are 
aware, t h e  s i t e  for t h i s   b r i d g e   h a s  been moved down- 
stream approximately 2 0 0 0  f e e t  from t h e  original l o c a t i o n  
where our test h o l e s  were drilled. We do not believe 
t h a t   t h i s  change i n  t h e  s i t e  w i l l  lead to r ad ica l   changes  
i n  t he  s o i l  cond i t ions  a t  creek level. However, t h e  
s o i l  c o n d i t i o n s   i n  t he  approaches t o  t h e  o r i g i n a l   a n d  
p r e s e n t  sites are quite d i f f e r e n t .  

Should you wish for any explanation o r  a m p l i f i c a t i o n  
of any p a r t  of t h i s   r e p o r t  we w i l l  be p l eased  to be a t  your 
s e r v i c e .  

Respec t fu l ly   submi t t ed ,  

R. M. HARDY & ASSOCIATES LTD., , 

GM/ j c 

1 0 2 1 4  - 1 1 2  S T R E E T ,  E D M O N T O N ,  A L B E R T A  T 5 K  1 M 5  P H O N E  ( 4 0 3 )  4 2 6 - 0 4 0 5  
CONSOLIDATING THE SERVICES OF: R. M. HARDY b ASSOCIATES LTD., MATERIALS TESTING LABORATORIES  LTD. & NON DESTRUCTIVE INSPECTION LTD. 
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INTRODUCTION 

A t  t h e   r e q u e s t  of M r .  F. E .  Kimball, P.Eng., 

Manager of Northern Roads  Programme, Department of 

Pub l i c  Works of Canada, Western Region, R. M. Hardy 

& Associa tes  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  

a l o n g   p a r t  of the  proposed  locat ion  of   the  Mackenzie  

Highway. T h i s  r e p o r t  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   t o   t h e   p r o p o s e d   b r i d g e  

at Vermilion Creek.  

The o r i g i n a l   l o c a t i o n  of t h i s  b r idge  s i t e  

i s  shown on mosaic s h e e t  N o .  47 of a set  of  mosaics 

prepared by Department of Pub l i c  Works f o r  the Mackenzie 

Highway p r o j e c t .  The s i t e  i s  covered by a e r i a l   p h o t o g r a p h s  

Nos. A22783-211, 212  and 213 (scale 1" = 1000'). This 

o r i g i n a l   c r o s s i n g  was l o c a t e d  where t h e  Canadian  National 

Telecommunications  right-of-way crosses t h e  creek.  

Subsequent t o  d r i l l i n g   o p e r a t i o n s   b e i n g   c o m p l e t e d  i n  

t h e  f i e l d ,  the l o c a t i o n   o f  the  br idge  s i te  was moved 

downstream a d is tance   o f   approximate ly  2000 feet. 

R. M. Hardy & Associates Ltd,  have  been  provided 

w i t h  a sketch p lan  and p r o f i l e  showing t h e   r e v i s e d  

crossing. This  drawing i s  en t i t l ed   "Proposed   Dra inage  

S t r u c t u r e  a t  Vermilion Creek" and i s  n o t  dated,  I t  

was used as t h e   b a s i s  for Plate 1, Appendix A. 
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A r e p o r t   e n t i t 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 ,  

Mackenzie  Highway, Mile 5 4 4  t o  Mile 635", has  been 

previous ly   submi t ted  t o  the  Department.  The g e o t e c h n i c a l  

c o n d i t i o n s  are d i s c u s s e d   i n  Volume 1 whi le  Volume I1 

con ta ins   i n fo rma t ion  on pe rmaf ros t  of a more g e n e r a l  

n a t u r e .  We recommend t h a t   t h e s e  volumes be r e a d   i n  

c o n j u n c t i o n   w i t h   t h i s   r e p o r t .  

TOPOGRAPHY 

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

the area is  southwesterly  towards  the  Mackenzie River. 

The va l l ey  sides of Vermilion Creek are r e l a t i v e l y  

s t e e p  and rise a t  an average g r a d i e n t  of 8 p e r c e n t  

o n   t h e   n o r t h e r l y  side and 5 p e r c e n t  on t h e   s o u t h e r l y  

side.  The v e r t i c a l   d i s t a n c e  from high  water level 

t o  t h e   s u r r o u n d i n g   t e r r a i n  i s  approximately 6 8  f e e t .  

The width of the   c r eek  a t  t h e  water l i n e  i s  approximately 

50  fee t .  

S O I L  PROFILE 

The s o i l  p r o f i l e   i n   t h e  area of the   approaches  

cons i s t s   ma in ly  of g l a c i a l  l a k e  basin d e p o s i t s   o v e r l y i n g  

c l a y  till. The valley walls of Vermilion  Creek are 

covered  with  slopewash of shal low  depth.  The f loor  

of t h e   v a l l e y  has been classed as a l l u v i a l  meander 

f lood p l a i n .  A t  t h e   o r i g i n a l   c r o s s i n g  s i t e ,  s h a l e  

was encountered a t  shal low depths on t h e  south side 
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of t h e   v a l l e y   b u t  was not   encountered  on t h e   n o r t h e r l y  

side. We b e l i e v e   t h a t ,   i n   t h e   f l o o r  of the v a l l e y  

at t h e   p r e s e n t  s i t e ,  s h a l e  w i l l  be encountered   wi th in  

20 f e e t  of t h e  ground  surface.  

The glacial   lake b a s i n  deposits of t h i s  area 

usua l ly   con ta in   h igh  water c o n t e n t s  and cons ide rab le  

q u a n t i t i e s   o f  excess ice .  The s lopewash  deposi ts  are 

also g e n e r a l l y  of fine gra ined  material wi th   h igh  ice 

c o n t e n t s .  The under ly ing  till and sha le  have low water 

con ten t s   w i th  l i t t l e  o r  no v i s ib l e  ice b e i n g   p r e s e n t .  

Permafrost   can be expec ted  t o  cons ide rab le  

dep th   on   e i the r  sides of the creek b u t  i s  not expec ted  

t o  be present a c t u a l l y   b e n e a t h   t h e   c r e e k   w i t h i n   t h e  

depths   normal ly   pene t ra ted  by p i l e s .  

D I S C U S S I O N  AND RECOMMENDATIONS 

The effect of a stream on the permafrost 

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   t h e  thaw  bulb  beneath a small creek can 

p e n e t r a t e  t o  cons ide rab le   dep th  so t h a t ,   f o r   b r i d g e  

bu i ld ing   pu rposes ,   t he   p re sence  of permafros t   benea th  

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   t h e  sides 

of the stream bed plunges a t  an ex t remely   s teep   angle .  

As is  w e l l  known, t h e  f l o w  o f  water i n   n o r t h e r n  

streams varies   t remondously  throughout   the  year .   Very 
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large flows can be e x p e r i e n c e d   d u r i n g   t h e   s p r i n g   r u n o f f .  

The bed of t h e  stream is  composed of a mixture  of g r a v e l  

s i l t  and clay o v e r l y i n g  clay till and  sha le .  The dep th  

of scour   should  therefore be l i m i t e d .  The amount of 

s c o u r   t h a t  should be expec ted  w i l l  depend on t h e  f l o w  

of water d u r i n g   t h e   h e i g h t  of t h e  spring runoff  and 

t h e   c o n s t r i c t i o n  imposed on the  stream by t h e   b r i d g e  

s t r u c t u r e  

Because of t h e  n a t u r e  of t h e  s o i l  i n  t h e  

approach area and t h e   v a l l e y  sides w e  do n o t   b e l i e v e  

it would be advisable to use  concrete   abutments  or 

p i e r s .  Also, because of d i f f i c u l t i e s  due to l o g i s t i c s ,  

it w i l l  be h i g h l y  desirable t h a t  ons i t e  work be k e p t  

t o  a minimum, We therefore recommend the   b r idge   abutments  

and any piers be supported on d r i v e n  steel  H piles. 

I t  i s  e x t r e m e l y   u n l i k e l y   t h a t  timber p i l e s   c o u l d  be 

d r i v e n  t o  t h e   r e q u i r e d   d e p t h s  a t  t h i s  s i t e  wi thou t  

damaging t h e  timbers. Precast c o n c r e t e   p i l e s   s h o u l d  

n o t  be used  due t o  d i f f i c u l t i e s  of t r a n s p o r t a t i o n   a n d  

also because   t he   l eng th  of p r e c a s t   p i l e  would have 

t o  be determined  in   advance.  Steel  p i p e   p i l e s  are 

an  alternative p o s s i b i l i t y .  However, it is  probable  

t h a t   t h e y  would n o t  be a b l e  to w i t h s t a n d   t h e   d r i v i n g  

stresses and p rebor ing  of h o l e s  would be necessary .  

Steel H piles which are t o  be p laced  on the 

banks where  they w i l l  n o t  be a f f e c t e d  by scour   should 
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be d r i v e n  a minimum of 30 feet below e x i s t i n g   g r a d e  and 

designed on t h e  basis of an al lowable s k i n   f r i c t i o n  of 

400  psf (on t h e   g r o s s   p e r i m e t e r )  wi th  t h e  t o p  10 f e e t  of 

p i l e   b e i n g  assumed to c a r r y  no load. 

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

be   d r iven  a minimum d i s t a n c e  of 20 f e e t  below t h e  bottom 

of a n t i c i p a t e d   s c o u r  and should be des igned  on t h e  basis 

of the   "Table  of Penet ra t ion   Res is tance"   fo l lowing .   Des ign  

parameters  are summarized  on Plate 3 ,  Appendix A. I f  

bedrock is encountered   wi th in  t h e  depths  s p e c i f i e d ,  the 

piles should be d r i v e n  1 0  feet into it. 

Driving steel  H p i l e s  w i l l  r e q u i r e   c o n s i d e r a b l e  

energy. The weight   of   the  p i l e  d r i v i n g  hammer should  

be at least  twice t h e  w e i g h t   o f   t h e   p i l e  being d r i v e n .  

If a diesel hammer i s  used t he   we igh t  of the hammer 

should  be a t  least equal  t o  t h e   w e i g h t   o f   t h e  pile. 

To p r e v e n t  damage t o  the p o i n t s   o f  the p i l e  they  should 

be  r e i n f o r c e d  w i t h  f l a n g e  plates f o r  a d i s t a n c e   e q u a l  

to 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 ,  

the poin t   can  be r e in fo rced   w i th  t h e  d r iv ing   shoe .  

P i les  should be d r i v e n  t o  p r a c t i c a l  refusal or r e f u s a l  

accord ing  to the fo l lowing  table of p e n e t r a t i o n   r e s i s t a n c e s  

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 .  pounds p e r  blow. 
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TABLE OF PENETRATION RESISTANCE 

Desc r ip t ion  Inches P e r  B l o w  

refusal .OO-.05 

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

high res is  tance  .25-.50 

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

I n  order t o  ensu re  t h a t  re fusa l   has   been   reached ,  driving 

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

i s  f i r s t   r e c o r d e d .  

Piles d r i v e n   i n   t h e  stream bed t o  r e f u s a l ,  

as def ined  above,  may be designed for t h e   f u l l   s t r u c t u r a l  

s t r e n g t h   o f   t h e   p i l e   s e c t i o n   a c t i n g  as a column. A 

design load will depend upon t h e  allowable stresses 

i n  t h e  p i l e ,   t h e  column l e n g t h  and the   arrangement  

of l a t e ra l  b rac ing .  Piles d r i v e n  t o  p r a c t i c a l   r e f u s a l ,  

as def ined  above,   should be des igned   for   two- th i rds  

of t h e  value p e r m i t t e d   f o r  t h e  p i l e  as a s t r u c t u r a l  

column.  Consideration  should be given t o  us ing  battered 

p i les  on t h e  ou t s ide  of t h e  p i l e  b e n t s   i n   o r d e r  t o  

p rov ide   i nc reased  lateral r e s i s t a n c e .  

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

care should be t a k e n   t h a 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 s  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 

u n l e s s   c a l c u l a t i o n s  show t h a t   t h e   p i l e   c a n  safely take 

higher   impact  stresses. 
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I t  i s  probable   tha t   bedrock  w i l l  be encountered 

by t h e   p i l e s  driven i n  t h e  stream bed. I f  p o s s i b l e ,  

t he   dep th   o f  embedment in   t he   bed rock   shou ld  be 1 0  

f e e t .  The bedrock will s h a t t e r  t o  some e x t e n t   u n d e r  

d r i v i n g   w i t h  some c o n s e q u e n t   d e t e r i o r a t i o n  of t h e  material. 

However, w e  b e l i e v e  t h a t  p i l e s   d r i v e n   i n t o   t h e   b e d r o c k  

would be capable o f   d e v e l o p i n g   t h e   f u l l   s t r u c t u r a l  

s t r e n g t h  of the steel section. 

One of t h e  problems  fac ing   the   b r idge  i s  

t h e   p o s s i b i l i t y  of lag jams occurring  which can cause 

p a r t i a l  o r  comple t e   f a i lu re  of t h e  s t r u c t u r e .  Log 

jams are only l i k e l y  t o  occur  where trees t r a v e l l i n g  

down t h e  r i v e r   h a v e  a g r e a t e r   l e n g t h   t h a n  the clear 

span of   the   b r idge .  We s u g g e s t   t h a t  the he igh t   o f  

trees growing  adjacent t o  Vermilion  Creek  upstream 

of the   b r idge  site should be checked,  and  should it 

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

being washed  downstream,  such f a c t s   s h o u l d  be borne 

i n  mind by t h e  b r idge   des igne r .  

I f  piles are used t o  suppor t  a v e r t i c a l  face 

of embankment fill, t h e  la teral  f o r c e   a g a i n s t   t h e   p i l e  

can be computed by a s s u m i n g   t h e   b a c k f i l l   t o   b e  a f l u i d  

w i t h  a d e n s i t y  of 60  pounds  per  cubic foot  where the 

b a c k f i l l  i s  not  compacted. 
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Embankments constructed below t h e   h i g h e s t   e x p e c t e d  

flood level should  be protected with  r ip rap .  As s u i t a b l e  

rock may not be avai lable ,  sandbags f i l l e d  with conc re t e  

may have to be used. 

Respec t fu l ly   submi t t ed ,  

GM/ j c 
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APPENDIX A 

Sect ion 
Char t  



note 
THlS DRAWING HAS BEEN 
REDUCED TO 50% StZE 



Flood P l a i n  
Surface Temp 
= 30F -'7 

W = River Width 
C,L. = Center Line 

Thaw Bulb 

G. Mc September 14/73 - 0 
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Gross Perimeter = 4H = H ft. 
12 3 

Piles on dry land to be designed on the b a s i s  of an 
allowable s h a f t  friction over effective length  of 
embedment of D-10 w i t h  D minimum = 30 ft. 

Piles in stream bed to be driven to 20+ feet below 
scour depth and designed on the bas i s  of penetration 
values (see t e x t )  . 

1 
MACKENZIE HIGHWAY 

BRIDGE PILES 
NORMAN WELLS AREA 


