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October 1 6 ,  1 9 7 3  

Mr. F. E .  Kimball, P.Eng., 
Manager of Northern Roads Program, 
Department of Pub l i c  Works of Canada, 
One Thornton  Court, 
Edmonton, Alber ta .  

F?E: Geotechnica l   Inves t iga t ion  
Mackenzie Highway, Proposed Bridge S i te  
Helava Creek, Mile 616 .4  

Dear Mr. Kimball: 

We are pleased t o  submit a repor t  on the 
s i te  of the proposed bridge across Helava  Creek. As 
you are aware, the l o c a t i o n  of t h e  b r idge  site has 
been changed subsequent t o  our drilling program being 
completed. The r ev i sed   b r idge  site is approximately 
300 feet upstream of t h e  o r i g i n a l  s i te .  

should you wish for any explanation or ampl i f i ca t ion  
of any par t  of t h i s  report we w i l l  be pleased t o  be 
a t  your s e r v i c e .  

Respec t fu l ly  submitted, 

R. M. HARDY & ASSOCIATES LTD., 

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 & ASSOCIATES LTD., MATERIALS  TESTING  LABORATORIES LTD. b NON DESTRUCTIVE INSPECTION LTO. 
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INTRODUCTION 

A t  the reques t  of M r .  F. E.  Kimball,  P.Eng., 

Manager of Northern Roads Program,  Department of Public 

Works of  Canada,  Western  Region, R. M. Hardy & Associa tes  

L t d .  undertook a geotechnical i n v e s t i g a t i o n  along p a r t  

of the proposed l o c a t i o n  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  

apper ta in ing  t o  the  proposed bridge a t  Helava Creek. 

The loca t ion   o f   t h i s   b r idge  si te  i s  shown 

on mosaic shee t  N o .  49 of a set  of mosaics  prepared 

by the  Department of Pub l i c  Works f o r   t h e  Mackenzie 

Highway work. The s i t e  is  covered by ae r i a l   pho tographs  

N o .  A22773-239 and 240 (scale 1" = 1 0 0 0 ' ) .  The p r e s e n t  

proposed c ross ing  is located  about  300 f ee t   ups t r eam 

of t h e  original crossing  which was t h e   s u b j e c t  of t h e  

i n v e s t i g a t i o n   c a r r i e d   o u t  as p a r t  of our d r i l l i n g  program. 

I n  add i t ion  t o  the mosaics  and aerial  photographs,  

R .  M. Hardy & Associates L t d .  was provided  with  sketch 

plans and p r o f i l e s  showing the   r ev i sed  crossing. These 

drawings are e n t i t l e d  "Plan and P r o f i l e  Showing Proposed 

Drainage  Structure  a t  Helava Creek ,  S t a t i o n  1818+85" 

and  "Revision,  Helava Creek" and were used a s  the basis 

f o r  Plate 1, Appendix A. 

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 544 t o  635" has been previously 
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submitted t o  the  Department. The geo techn ica l   cond i t ions  

are d i s c u s s e d   i n  Volume I while  V o l u m e  I1 con ta ins  

information on permafrost  of a more gene ra l   na tu re .  

We recommend t h a t  t h e s e  volumes be read i n   c o n j u n c t i o n  

w i t h  t h i s  report .  

TOPOGRAPHY 

The g e n e r a l   d i r e c t i o n  of the   d ra inage  i n  

t h e  area i s  southwester ly  towards t h e  Mackenzie River. 

The v a l l e y  walls of Helava Creek are r e l a t i v e l y  steep 

b u t  t h e  v e r t i c a l  he igh t  from water level t o  surrounding 

ground is  only about 1 3  fee t ,  On t h e  sou the r ly  approach, 

t h e  ground rises from t h e  creek as the   a l ignment  crosses 

an a l l u v i a l   f a n   d e p o s i t .  On the nor the r ly  approach, 

t h e  ground is fairly l e v e l  for about 500 feet. The 

e x i s t i n g  p r o f i l e  i s  such t ha t  approaches t o  t h e  bridge 

can be cons t ruc ted   wi thout  the n e c e s s i t y  f o r  c u t t i n g  

while  maintaining a g r a d i e n t  of less than 5%. 

The v a l l e y  walls of Helava Creek show signs 

of e ros ion   bu t  it is n o t   a n t i c i p a t e d  t h a t  t h e   e r o s i o n  

w i l l  a f f e c t  t h e  bridge s t r u c t u r e .  The width of Helava 

Creek a t  t h e  water l i n e  i s  approximately 30 feet .  

SOIL PROFILE 

The soil profile a t  t h e  revised c ross ing  

is  similar t o  the s o i l  profile a t  t h e  o r i g i n a l   c r o s s i n g  

on t h e  n o r t h e r l y  side. However, on t h e  sou the r ly  approach 
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t h e  new alignment crosses an a l l u v i a l  f an  deposit i n s t e a d  

of t h e   g l a c i a l   l a k e  basin a t  t h e   o r i g i n a l   l o c a t i o n .  

A l luv ia l  fan d e p o s i t s   c o n s i s t  of poorly s o r t e d  s i l t  

and sand, u sua l ly  w e t  o r   i c e - r i c h ,  and are commonly 

less than 15 feet t h i c k .  

The changed s o i l  condi t ions  are not believed 

t o  be of any  signficance  regarding the b r i d g e   s t r u c t u r e .  

However, w e  do recommend a g a i n s t  a c u t  th rough  the  

a l l u v i a l   f a n   d e p o s i t  on the souther ly   approach,  

The soils on the   nor ther ly   approach  consist 

of g l a c i a l  lake bas in   depos i t s   ove r ly ing  basal till. 

The g l a c i a l  lake bas in  depos i ts  c o n s i s t  of si l ts  and 

clays which gene ra l ly   con ta in   h igh   excess  ice content .  

Surface cover i s  p e a t  which gene ra l ly  varies i n   t h i c k n e s s  

from one foot t o  several feet .  

The excess ice i n   t h e  soils and the approaches 

t o  the  bridge s i te  w i l l  lead t o  se t t l emen t s  of the 

approach f i l l s  b u t  such  set t lements  w i l l  n o t  be se r ious .  

Because our nearest test holes t o  the   r ev i sed  

s i te  are several   hundred feet away, we are basing  our  

recommendations on our   genera l  knowledge of t h e  area 

and  examination of aerial photographs. The Department's 

s ta f f  reports t h a t  t h e  creek bed c o n s i s t s  of rock and 

grave l .  
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DISCUSSION AND RECOMMENDATIONS 

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

profile is  shown on Pl.ate 2 ,  Appendix A. This c h a r t  

shows t h a t   t h e  thaw bulb beneath a small creek can 

pene t r a t e  t o  considerable   depth SO that, for  br idge  

bui lding  purposes ,   the   presence  of   permafrost   beneath 

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

be noted tha t   t he   pe rmaf ros t   p ro f i l e   benea th  t h e  sides 

of the   s t r eam bed plunges a t  an extremely  s teep angle. 

As i s  well known, the flow of water i n  nor thern  streams 

varies   t remendously  throughout   the  year .  Very l a r g e  

flows can be experienced during t h e  spr ing   runoff  so 

that some scour  can be expected. The amount w i l l  

depend on the  f low of w a t e r ,   t h e   c o n s t r i c t i o n  imposed 

on t h e  stream by t h e  bridge, and the   wid th  of t h e   p i e r s .  

Some erosion of t h e  bank i s  also poss ib l e .  

Because  of  the  soil   and  permafrost   conditions 

i n  t h e  v a l l e y  walls and the  approach  area t o  this bridge 

site, w e  do no t   be l i eve  it would be advisable  t o  use 

concrete  abutments. We the re fo re  recommend t h a t   b r i d g e  

abutments  and  piers be supported on dr iven  steel H 

p i l e s .  I t  is ext remely   un l ike ly   tha t  timber p i l e s  

could be dr iven  a t  t h i s  s i t e .  Precast c o n c r e t e   p i l e s  

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

and also because t h e  length  of t h e  p r e c a s t   p i l e s  w i l l  
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have t o   b e  determined in   advance.  Steel p i p e   p i l e s  

are an a l t e r n a t i v e   p o s s i b i l i t y .  However, it is probable 

t h a t  they would not  be able t o  wi ths tand   dr iv ing  stresses 

through  the  underlying gravel. 

Steel H p i l e s  which are t o  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 f e e t  below e x i s t i n g   g r a d e  and 

designed on the basis of an a l l o w a b l e   s k i n   f r i c t i o n  of 

4 0 0  psf  (on t h e  gross perimeter)  with the top 1 0  feet  

of p i l e   b e i n g  assumed to carry  no load. 

Steel H piles dr iven  i n  t he  stream bed should 

be d r iven  a minimum distance of 20  fee t  below t h e  bottom 

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

of the "Table of   Penet ra t ion  Resistance" following. Design 

parameters are summarized on Plate 3 ,  Appendix A. 

Driving steel H piles w i l l  r equi re   cons iderable  

energy. The weight of t h e  pile 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  being  dr iven.  

If a diesel hammer i s  used the weight  of t h e  hammer 

should  be at least equal  t o  the weight of the pile .  

T o  prevent  damage t o  the points of t h e  piles they should 

be re inforced   wi th   f lange   p la tes  for a d i s t ance   equa l  

t o  1 .5  times the 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 reinforced with a dr iv ing   shoe .  Piles 

should be dr iven  t o  p r a c t i c a l   r e f u s a l  or r e f u s a l  according 
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to the   fol 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 de l ivers   an   energy  of 15,000  f t .   pounds 

p e r  blow. 

TABLE OF PENETRATION RESISTANCE 

Descript ion Inches Per B l o w  

r e f u s a l  .OO-.05 

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

h igh   r e s i s t ance  .25-.50 

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

I n   o r d e r  t o  e n s u r e  t h a t  r e f u s a l   h a s  been reached ,   d r iv ing  

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

is f i r s t  recorded. 

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

as   def ined  above,  may be designed for t he  full s t r u c t u r a l  

s t r eng th   o f  t h e  p i le  s e c t i o n  acting as a column.  The 

design load w i l l  depend upon allowable stresses i n  

t h e  p i l e ,  column length  and the   a r rangement   o f   l a te ra l  

bracing.  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 designed for two-thirds of t h e   v a l u e  

pe rmi t t ed   fo r  t h e  p i l e  as a s t r u c t u r a l  column, Considerat ion 

should be given t o  u s i n g   b a t t e r e d   p i l e s  on t h e   o u t s i d e  

of t h e   p i l e   b e n t s  i n  o rde r   t o   p rov ide  la teral  r e s i s t a n c e .  

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

care should be taken that t h e  energy de l ive red  t o  t h e  

p i l e  is not   g rea te r   than   15 ,000  f t .  pounds per blow 
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un les s   ca l cu la t ions  show t h a t   t h e   p i l e   c a n   s a f e t y   t a k e  

higher  impact stresses. Bedrock may be encountered 

before t h e  design depth i s  reached. I n  such a case, 

t h e  piles should be dr iven  into the   bedrock at least 

1 0  f e e t .  

One of the  problems  facing bridges i n  this 

area is  the  p o s s i b i l i t y   o f  lag jams occurring  which 

can cause par t ia l  or complete failure of the   b r idge .  

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

down the r iver  have a greater l ength   than  the clear 

span of t h e  br idge .  We s u g g e s t   t h a t   t h e   h e i g h t  of 

trees growing  adjacent t o  Helava Creek  upstream of 

t h e  bridge  should  be  checked and, should it be observed 

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

downstream, such  facts   should  be  borne in mind by t h e  

br idge   des igner .  If p i l e s  are used t o  suppor t  a v e r t i c a l  

face of  embankment f i l l  t h e  l a te ra l  fo rce  against t h e  

p i l e s  can be computed by assuming t h a t  the b a c k f i l l  

i s  a f l u i d  with a dens i ty  of 60 pounds p e r  cubic f o o t  

where t h e  b a c k f i l l  i s  n o t  compacted. 

Embankment cons t ruc ted  below the   h ighes t   expec ted  

flood l eve l   should  be pro tec ted  with r ip rap .  As suitable 
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rock may not be available, sandbags filled with concrete 

may have to be used. 

Respectfully submitted, 

GM/ j c 
/"' *' 
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APPENDIX A 

Section 
Chart 
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Piles on dry land to be designed on t h e  basis of an 
allowable s h a f t  friction over effective l ength  of 
embedment of D-10 w i t h  D minimum = 30 ft. 

Piles in stream be8 t o  be driven to 20+ feet below 
scour depth and designed on the basis Of penetration 
values (see t e x t )  
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BRIDGE PILES 
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