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. l o t h  F l o o r ,  One Thornton  Court ,  

A t t e n t i o n :  M r .  A .  L .  Pe r l ey  
O . I . C .  C i v i l  

Dear S i r s  : 

R e :  Willowlake  River Bridge 

Enc losed   p l ease   f i nd  the  r e p o r t  on  our  
p r e l i m i n a r y   i n v e s t i g a t i o n   c o v e r i n g  Phase 1 ( A )  o f   o u r  
commission i n   c o n n e c t i o n  w i t h  the  Willowlake  River  Bridge, 
Mile 395, Mackenzie Highway. 

,. . 
I n  v i ew  o f   t he   f ac t  that  t h e   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   h a v e   n o t   b e e n   c a r r i e d   o u t ,  many b a s i c  
assumptions  have  been  necessary.  

The  recommended spans ,  t y p e  of c o n s t r u c t i o n ,  
a n d   e s t i m a t e s   o f   c o s t   r e f l e c t  these assumptions  which we 
hope w i l l  be confirmed when a l l  t h e  f a c t o r s   a f f e c t i n g  the 
des ign  are known. 

Yours   ve ry   t ru ly ,  

T. LAMB, M c m  AND ASSOCIATES LTD. 

RNM : nn 
Enc . 

JW "" 
R. N .  McManus, P. Eng. 
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n 
COMMISSION 

The commission t o   u n d e r t a k e   t h e   i n v e s t i g a t i o n ,  
des ign   and   superv is ion  of c o n s t r u c t i o n  o f  the  Willowlake 
River  Bridge was o u t l i n e d   i n  a l e t t e r  from M r .  J . A .  Brown, P .  Eng., 
Regional  Director,   Western  Region,  Department  of  Public Works, 
dated  August 28 ,  1 9 7 2 ,  and addressed t o  T .  Lamb, McManus and 
Assoc ia t e s  L t d .  A copy of  t h i s  l e t t e r  i s  a t t a c h e d  as .~ 

Appendix I of th i s  r e p o r t .  
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TERMS  OF  REFERENCE 

The i n s t r u c t i o n s   f o r   c a r r y i n g   o u t  the  
invest igat ion  have  been  for thcoming  f rom  Department   of  
Pub l i c  Works p e r s o n n e l   i n  t h e  form  of   meet ings,  l e t t e r s  
a n d   d i r e c t i v e s .  

.. . 

The Environmental   Consultant  (F.F.   Slaney & Co. ) 
has f u r n i s h e d  us  wi th  t h e  broad  requirements   of  t h e  
Federal   Department   of   Environment   (Fisher ies)   but   very l i t t l e  
i n  t h e  way of   unique  requirements   regarding  Wil lowlake  River .  

Our own d i s c u s s i o n s  w i t h  M r .  R .  P o r t e r  of t h e  
Department  of the  Envi ronment ,   F isher ies   Serv ice   and   rev iew 
of t h e  documents "Fish Resources  of t h e  Mackenzie  River V a l l e y ,  
In te r im  Repor t  1, Vol. 1 and 2" lead u s   t o  t h e  conclus ion  
tha t  s t e e l  cofferdams  should be u s e d   f o r  r i v e r  p i e r  c o n s t r u c t i o n  
t o  minimize s i l t  d e p o s i t s   i n  the ma in   r i ve r   channe l .  

The Hydrology  Consultant  (Bolter,  Par ish and 
T r i m b l e )  has fu rn i shed   p re l imina ry  estimates of the r e q u i r e d  
r i v e r   c h a n n e l ,   c l e a r a n c e s   f o r   h i g h  water, d e b r i s  and i ce  and 
t h e   d e p t h   o f   s c o u r .  The estimate of   scour   depth  might   change 
when more de ta i led  g e o t e c h n i c a l   i n f o r m a t i o n  becomes a v a i l a b l e .  
The r i v e r  i s  not  fast moving i n  this  region,   however ,  so  
i n c r e a s e   i n   a n t i c i p a t e d   s c o u r   d e p t h  i s  u n l i k e l y .  

The requi rements   govern ing  the d e s i g n   o f  the  
s t r u c t u r e  are tha t  we fo l low the  recommendations  of t h e  
R.T .A.C .  r e g a r d i n g  width of   roadway  and  s t ructural   geometry.  
The b r idge  i s  t o  be two l a n e ,  HS-25 d e s i g n e d   f o r  60 m.p.h. 
An ove r load   p rov i s ion   cove r ing  HS-40 (Alberta)  loading   on  
one   cen t r e   l ane   on ly  a t  1 2 5 %   o f   b a s i c   s t r e s s e s  i s  t o  b e  
cons idered .  The a d d i t i o n a l   c o s t   o f  t h i s  over load  i s  t o  be 
assessed by t h e  consul tan t   and  a d e c i s i o n  made by t h e  
Department  of  Public Works.  Through t r u s s e s  are t o   p r o v i d e  
a minimum overhead   c learance   o f  20 f ee t  above the  roadway. 

The most r e c e n t   e d i t i o n s  of t h e  Canadian  Standards 
Assoc ia t ion   S tandard  S6 "Design o f  Highway Bridges'' and the  
American  Associat ion  of   State  Highway Off ic ia ls  
" S t a n d a r d   S p e c i f i c a t i o n s   f o r  Highway Bridges" are t o  govern 
the des ign .  

Concrete slab decks are  t o  be designed w i t h  
1/2" a d d i t i o n a l   c o v e r   o n  t o p  bars as an  exposed  wearing  surface.  
A design  a l lowance  of  30 p . s . f .  i s  t o  be provided  t o  a l l o w   f o r  
a f u t u r e  asphalt wearing s u r f a c e .  
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INVESTIGATIONS AND CONCLUSIONS 

Mr. R .  M, Morison, P. Eng., v i s i t e d  t h e  s i t e ,  
took  numerous  pictures   and  observed t h e  g e n e r a l   c h a r a c t e r i s t i c s  
o f  t h e  r i v e r  and t h e  approaches   t o  i t .  

The s e l e c t e d   c r o s s i n g   l o c a t i o n  i s  on a r e l a t i v e l y  
straight s e c t i o n   o f   r i v e r   c h a n n e l .  The approach  road  on the 
sou th  side w i l l  c r o s s  a f a i r l y  f l a t  bench  which  extends  back 
from t h e  r i v e r   c h a n n e l   f o r   a p p r o x i m a t e l y  3000 f e e t .  The . . 
bench   e l eva t ion  i s  approximately 35 t o  40 feet  above  low 
water l e v e l   a n d   t e r m i n a t e s   i n  a f a i r l y   s t e e p  r i s e  of some 
12O’feet a t  i t s  s o u t h e r n   e x t r e m i t y .  . 

On t h e  south  edge  of  the r i v e r   c h a n n e l ,  there  i s  
a f a i r l y  b r o a d   a c t i v e   f l o o d   p l a i n  wi th  t h e  t r e e  l i n e   b e i n g  
some 360 f e e t  back  from t h e  edge  of water a t  low stream l e v e l .  
The upper 175  fee t  o f  t h i s  f l o o d   p l a i n   i s - c o v e r e d  by a t h i c k  
growth  of  willows, while the lower   s ec t ion   cons i s t s   o f   exposed  
sands ,   g rave l   and   bou lde r s .  A cons ide rab le  number of   boulders  
up t o  2 f e e t  i n  diameter, embedded i n t o  the s u r f a c e  o f  t h e  
channel ,  are evident  both  upstream  and  downstream of  t h e  channel .  

On t h e  n o r t h  s ide ,  t h e  bank r ises  q u i t e   s h a r p l y  
f r o m   r i v e r   l e v e l   f o r   a p p r o x i m a t e l y  28 fee t  t o  e l e v a t i o n  284 .  
Beyond t h i s  p o i n t  t h e  ground  sur face   a long  t h e  proposed 
a l ignmen t   s lopes   up   gen t ly   fo r   ove r  a mile w i t h  a f a i r l y  
s u b s t a n t i a l   g r o w t h   o f   b l a c k   s p r u c e .  

Subsequent  meetings w i t h  t h e  Environmental 
Consu l t an t   t oge the r  w i t h  a r e p r e s e n t a t i v e   o f  t h e  F e d e r a l  
Department   of   Environment   (Fisher ies)   indicate  t ha t  t h e y  w i l l  
no t   a l low material t o  be  borrowed  from t h e  r i v e r  bed. 
They have  reviewed  and  approved t h e  e x t e n t   o f  the  f i l l s  a t  
e i t h e r  end  of t h e  s t r u c t u r e .  So far as t h e  r e q u i r e m e n t s   f o r  
stream flow are concerned, i t  seems l i k e l y  tha t  t h e  c r o s s i n g  
could be shortened  even  more.  However, t he  e n v i r o n m e n t a l i s t s  
are no t   p repa red ,  a t  t h i s  time, t o  accept   fur ther   encroachment  
on the r i v e r   c h a n n e l .  

The Hydrology  Consultant has r e p o r t e d  t h e  
r e s u l t s   o f   p r e l i m i n a r y   i n v e s t i g a t i o n s   o n  maximum flow,  high 
water, i c e  and  scour .  
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A maximum r i s e   i n   r i v e r   e l e v a t i o n   o f  42  feet  

above  low water due t o   i c e  jams i n  t h e  Mackenzie  River i s  
p o s s i b l e   a n d  a br idge alignment on  zero skew i s  recommended. 

The r i v e r   c h a n n e l  i s  set  on the basis of  
ma in ta in ing  t h e  t o e   o f  f i l l  at  a f i x e d   p o s i t i o n  on e i ther  
side. The l o c a t i o n   s e l e c t e d   l e a v e s  800 fee t  between t h e  
t o e   o f  f i l l  on   the   south   s ide   and   the   bank   on  the n o r t h  s ide.  

We a r e   i n   g e n e r a l   a g r e e m e n t  w i th  t h e  l o c a t i o n  
selected and t h e  recommendations  on  alignment,  channel  and 
c l e a r a n c e s .  

The approach f i l l s  a n d   s t r u c t u r e  would be 
b u i l t  on a small v e r t i c a l   c u r v e .  Th i s  minimizes   the he ight  
of  approach f i l l s  while ma in ta in ing   channe l   c l ea rances  a t  
mid-span  and i s  d e s i r a b l e   a e s t h e t i c a l l y  on t h i s  l e n g t h   o f  
s t r u c t u r e .   T h e r e  would  be about 800 feet  of  approach f i l l  
with maximum height  of  26 feet  on  the  north  end  and  about  
1000 feet of   approach f i l l  wi th  maximum height  of  46 f e e t  
on the  south  end.  

The maximum depth of   scour   expec ted  by t h e  
Hydrology  Consultant i s  about 7 f e e t  below t h e  deepes t  
p o i n t   i n  t he  r i v e r  bed. We would  propose  to  keep the  bases  
of  the  r i v e r   p i e r s   a b o u t  4 fee t  below t h e  p r o j e c t e d  depth 
of maximum scour .  

The Geotechnical   Consul tant   (Acres   Western)  
was u n a b l e   t o   g e t   e q u i p m e n t   t o   t h e   s i t e   p r i o r   t o   1 9 7 3 .  They 
do not   expec t   to   have   in format ion   regard ing   Wi l lowlake   River  
c r o s s i n g   u n t i l   t h e  end  of  February,   1973. 

This  means tha t  ou r   obse rva t ions   o f  the r i v e r  
banks and bed form t h e  only  basis for pre l imina ry   des igns .  
The l a c k   o f   g e o t e c h n i c a l   i n f o r m a t i o n  i s  not   of   such great 
s i g n i f i c a n c e  a t  t h i s  t i m e ,  but  any delay beyond  February i n  
obta in ing   f ina l   recommendat ions   would-crea te   se r ious   p roblems 
i n  the p r e p a r a t i o n   o f  the March 31  complete   prel iminary  design 
submission,  as w e l l  as m e e t i n g   d e a d l i n e s   f o r   f i n a l   p l a n s  and 
s p e c i f i c a t i o n s .  
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.n 
MATERIALS - AVAILABILITY AND COSTS 

We have  checked, as well as p o s s i b l e  a t  t h i s  
time, on the  a v a i l a b i l i t y  and   cos t   o f   cement ,   concre te   aggrega tes ,  
p r e c a s t   c o n c r e t e ,   s t r u c t u r a l   s t e e l   a n d  s t e e l  deck g r a t i n g .  

Mr. Morison  brought  back  samples  of  gravel. .  .. 

a v a i l a b l e  a t  Wrigley  and t h e  Liard  R i v e r   p i t s .  These were 
tested by R .  M .  Hardy and   Assoc ia t e s   fo r  t h e i r  grada t ion   and  
s u i t a b i l i t y   f o r   c o n c r e t e   a g g r e g a t e s ,   B o t h   s a m p l e s   w e r e  
r e p o r t e d  as b e i n g   s u i t a b l e   f o r   c o n c r e t e   a g g r e g a t e  w i t h  the 
Wrigley sample  running somewhat h i g h e r   i n  s i l t  c o n t e n t .  
A copy o f  t h i s  r e p o r t  i s  a t t a c h e d  as Appendix No. 2 .  
Assuming t h e  Wrigley sample t o  be r e p r e s e n t a t i v e ,  t h e  r a t i o  
of  f i n e   t o   c o a r s e   a g g r e g a t e   o b t a i n e d   f r o m  a sc reen ing  
and  washing  process  would be c l o s e   t o  that  r e q u i r e d   f o r  a 
conc re t e  mix des ign .  

. .  

A l o c a l   g r a v e l   s u p p l y  f i rm was r e q u e s t e d   t o  
estimate t h e  c o s t  of p rocess ing   conc re t e   agg rega te  at  Wrigley. 
They have  informed  us that  washed, sc reened   and   separa ted  
aggrega te  a t  Wrigley,  which i s  approximate ly   for ty  miles from 
t h e  Wil lowlake   River   c ross ing ,   would   cos t   be tween  f ive   and  
s i x  d o l l a r s   p e r   c u b i c  ya rd  on t h e  basis of a t o t a l   p r o c e s s e d  
volume i n  the  range  of 20,000 t o  30,000  cubic yards .  T h i s  
volume  would  apply t o  more than   one  br idge .  

Barges can  operate  between  Wrigley  and the  
Wil lowlake  River   br idge s i t e  d i r e c t l y   d u r i n g   t h e   h i g h e r  water 
months  of   June  and  July.   Northern  Transportat ion Co. has 
informed us tha t  c h a r t e r   r a t e s   f o r   t h e   f o r t y   m i l e   h a u l  would 
range  between  $7.40  per   ton ($11.10 per   cub ic  y a r d )  and 
$4 .75   pe r   t on  ($7.10 p e r   c u b i c  y a r d )  depending  on t h e  s i z e   o f  
equ ipmen t   ava i l ab le .  T h i s  would  not   include  loading o r  
un loading   which   could   cos t   an   addi t iona l  $1.50 p e r   c u b i c  ya rd .  

C o n c r e t e   a g g r e g a t e ,   d e l i v e r e d   t o  the  s i t e ,  could 
t h e r e f o r e   c o s t  as much as $18.50 o r  as l i t t l e  as $13.60 p e r  
cubic  yard.  

The hau l ing   cha rges  are h igh   and   appear   to  
r e f l e c t  the  fact  that  Nor thern   Transpor ta t ion  Co. i s  busy 
wi th  l o n g   h a u l s   d u r i n g  t h e  naviga t ion   season   and   no t   anxious  
t o   d i v e r t   e q u i p m e n t   t o   s h o r t   h a u l  f r e i g h t .  We would  suggest 
tha t  a t e n d e r  c a l l  ear ly  i n  1973 f o r   p r o c e s s i n g   o f   c o n c r e t e  
a g g r e g a t e s   n e c e s s a r y   f o r  a l l  m a j o r   s t r u c t u r e s , f o l l o w e d  by  a 
t e n d e r   f o r   d e l i v e r y   d u r i n g  t h e  sh ipp ing   s eason   cou ld   r e su l t  
i n   a p p r e c i a b l e   s a v i n g s .  

f@- 
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The requ i r emen t s   fo r  t he  Willowlake  River Bridge 
would be i n  the order   of  10 ,000  cubic  yards  of   sand   and   grave l  
s u i t a b l e   f o r   c o n c r e t e   a g g r e g a t e .  

Cement i s  c u r r e n t l y   b e i n g   d e l i v e r e d   t o  
N o r t h e r n   p r o j e c t s   i n  bags. By barge, du r ing  the  sh ipp ing  . 

season up t o  about t h e  middle o f  September, cement w i l l  c q s t  
about $90.00 per  t o n   p l u s   p r e c a u t i o n a r y   p r o t e c t i v e   p a c k a g i n g .  
This  p r o t e c t i v e   p a c k a g i n g   c o u l d   c o s t   a n   a d d i t i o n a l  $5.00 
t o  $10.00 p e r  t o n .  . -  . 

Cement c a n   a l s o  be d e l i v e r e d   t o  t h e  s i t e  o v e r  
t h e ' w i n t e r   t o l l   r o a d ,   s t a r t i n g   i n   J a n u a r y ,   f o r   a p p r o x i m a t e l y  
the same c o s t   p e r   t o n  as by barge. 

S ince   weatherproof   s torage  a t  the  s i t e  will be 
a f a c t o r ,  i t  would appear t h a t  s u f f i c i e n t  cement  should be 
shipped by barge p r i o r   t o   S e p t e m b e r  1 5  t o   c a r r y  t h e  p r o j e c t  
u n t i l   J a n u a r y  15 .  The remainder of t h e  cement   requi red   for  
t h e  work u n t i l  t he  nex t   sh ipp ing   s eason   shou ld   t hen  be t rucked  
i n   o v e r  t h e  w i n t e r   r o a d .  

On t h e  basis of  these f i g u r e s ,  t he  materials 
f o r   j o b   c o n c r e t e  w i l l  appa ren t ly   cos t   abou t  $50.00 p e r   c u b i c  y a r d .  

Freight  on   o the r  materials such as s t r u c t u r a l  
s t ee l ,  r e i n f o r c i n g ,   e t c .   f r o m  Edmonton  would appear  t o  r u n  
about 5 c e n t s  p e r  l b .  depending   on   vo lume,   road   to l l s  
and   o the r   cha rges .  

So f a r  as s t r u c t u r a l  s t e e l  i s  concerned, a number 
o f   d i f f e r e n t  grades are a v a i l a b l e .  The G40.11  Grade B s t e e l  
satisfies t h e  notch  toughness   requirements   and may b e . u s e d  
w i t h o u t   p a i n t i n g .  T h i s  i s  of  c o n s i d e r a b l e   i n t e r e s t   i n  t h e  
event   open   gra te   decking  i s  used   s ince  i t  w i l l  be almost 
imprssible t o   p r o t e c t  the  s t e e l  s t ruc tu re   be low  f rom  co r ros ion .  
The e x t r a   c o s t   o f  t h i s  material above  normal br idge s t e e l s  
v a r i e s  w i t h  th i ckness   bu t  w i l l  amount t o  about 2%$ of the c o s t  
of  t h e  s tee l .  
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The fo l lowing   un i t   cos t s   have   been   assumed 
f o r  t h e  purposes  of t h i s  p r e l i m i n a r y   r e p o r t .  They w i l l  be 
fol lowed up and   updated   for  t h e  March 3 1  r e p o r t .  

Labour   ( i nc lud ing   subs i s t ence )   $15 .00   t o  $18.00 p e r  hour 

Concrete  $70.00 p e r  c u . y d .   i n  t h e  forms 

Forming 

Excavat ion   and   Backf i l l  

Rip-Rap 

S tee l  P i l i n g  

$ 2 .OO p e r   s q u a r e .  f t  . 
$ 5.00 per  cu.  yd .  

$20.00 p e r  sq. y d .  

$12.00 per t o n  of l o a d  
suppor ted  

Re in fo rc ing  S tee l  $500.00 per t o n   i n   p l a c e  

S t r u c t u r a l  Steel :  
Plate Girders $1,200.00 p e r  t o n   i n   p l a c e  

Trusses  .$1,300.00 p e r  t o n   i n  place 

Open Steel  Deck G r a t i n g  - 5”  $ 9 . 0 0  p e r  sq. f t  . i n   p l a c e  - 6%” $10.50  per  sq. f t .  i n   p l a c e  

S i n g l e  Use Cofferdams $25,OOO.OO - sheet p i l i n g  

$10,000.00 - b r a c i n g  

$10,000.00 - i n s t a l  

$45,000.00 

w i t h  three uses  add $?0.000.00 

$75,000.00  $25,000.00/each 

S t r u c t u r a l  s t e e l  i n   t r u s s e s  i s  estimated t o   c o s t  
more t h a n  p l a t e  g i rders  p r i m a r i l y  because of t h e  e x t r a  
man hours  per  t o n   d u r i n g   e r e c t i o n .  This  i n v o l v e s   o n - s i t e  
labour   which w i l l  c o s t  more than   doub le  t h e  corresponding 
p l a n t  ra t  e .  
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("4 
Box g i r d e r s   a r e   a l s o  more expensive t o  f a b r i c a t e  

a n d   e r e c t   t h a n   p l a t e  girders .  The u n i t   p r i c e   o f  a box 
g i r d e r   i n   p l a c e ,   p a r t i c u l a r l y  w i t h  a c u r v e d   s o f f i t ,  w i l l  
be a t  l e a s t  as high as f o r  a t ru s s .  

. . ... 
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C H O I C E  OF SPANS 

The pre l iminary   conclus ions  w i t h  r e g a r d   t o  
maximum f low,  debris and   i ce   wou ld   i nd ica t e  that spans  as 
s h o r t  as 160 f e e t  i n  t h e  r i v e r  would be adequate .  
Economy, f i she r i e s  requi rements ,   and   aes the t ics   would  b e -  
t h e  o n l y   r e a s o n s   f o r   i n c r e a s i n g  the  main  spans  beyond t h i s  
l e n g t h .  

The Hydrology  Consultant has i n d i c a t e d   s c o u r  
p o t e n t i a l   t o   e l e v a t i o n  240 and high water due t o   i c e  jams 
t o   e l e v a t i o n  298.  With t h e  base o f   p i e r   f o u r  fee t  below 
s c o u r ,  t h e  p i e r  shaf ts  w i l l  be  more t h a n  50 f e e t   h i g h .  
A r i v e r   p i e r  w i l l  c o s t   v e r y   n e a r l y  t h e  same f o r  a s h o r t e r   s p a n  
as a longer   one s o  the  n e t  economy of  removing a p i e r  i s  
d i r e c t l y  re la ted  t o  the a d d i t i o n a l   c o s t   o f  t h e  longer   spans .  
Our estimates i n d i c a t e  a r i v e r   p i e r  w i l l  cos t   approximate ly  
$165,000 at  t h i s  s i t e .  On t h i s  basis t h e  ba lance   po in t  
w i l l  come when t h e  s u p e r s t r u c t u r e   c o s t s  are i n c r e a s e d  
approximately $6 .00  p e r   s q u a r e   f o o t  by t h e  removal   o f   one   p ie r .  
The f i g u r e  would be approximately $11.00 per  squa re   foo t  
i f  two p i e r s  are removed s i n c e  t h e  cos t   o f   the   remain ing  
p i e r s  would be i n c r e a s e d  by a d d i t i o n a l   p i l i n g   a n d   p e r h a p s  
fewer re -uses  of  cofferdams.  

We h a v e ,   t h e r e f o r e ,   i n v e s t i g a t e d  the c r o s s i n g  
on the basis of minimum r i v e r   s p a n s   o f  1 6 0  f ee t  and maximum 
of  250 f e e t .  

n 

The only   reason  f o r  c o n s i d e r i n g   s p a n s   i n   e x c e s s  
of 250 f e e t  would be i f  subsequen t   geo techn ica l   i nves t iga t ions  
d i sc losed   founda t ion   cond i t ions  t o  be much worse  than we 
have  assumed. 
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r*I 
TYPES OF STRUCTURES INVESTIGATED 

The d e c k   t y p e   s t r u c t u r e   w i t h   u n l  i m i  t ed 
overhead  c learance has much t o  recommend i t .  This  i s  
p a r t i c u l a r l y   t r u e   i n   r e m o t e  areas where o v e r h e a d   b r a c i n g .  
and t h e  main t r u s s   e l e m e n t s   c o u l d  be damaged by  v e h i c u l a r  
impact .  

The t h r o u g h   t r u s s  w i l l  a l s o   r e q u i r e  more - . 
o n - s i t e   l a b o u r   t o   e r e c t   t h a n  a p l a t e  g i rder .  The g i r d e r  
can be m o s t l y   f a b r i c a t e d   i n  the s h o p ,   s h i p p e d   t o  t h e  s i t e  
and   e rec ted  w i t h  minimum s i t e  t ime  and   labour .  

The fo l lowing  i s  a resume  of t h e  a l t e r n a t i v e s  
i n v e s t i g a t e d  : 

I 
A f ive   span   con t inuous  p l a t e  g i r d e r   s t e e l   s t r u c t u r e  
w i t h  spans  of  150-200-200-200-150 f e e t ,  2 g i r d e r s  
19 f e e t  a p a r t ,   s t r i n g e r s   a n d   f l o o r  beams s p a c e d   t o  
use  5 i n c h  metal g r a t i n g  deck. 

A f i v e   s p a n   c o n t i n u o u s   p l a t e   g i r d e r   s t e e l   s t r u c t u r e  
w i t h  spans  of 150-200-200-200-150 f e e t ,  2 g i rders  
21 f e e t  a p a r t ,   s t r i n g e r s   a n d   f l o o r  beams spaced 
t o   u s e  64, i nch  metal g r a t i n g   d e c k .  

A f i v e   s p a n   c o n t i n u o u s   p l a t e   g i r d e r  s t e e l  s t r u c t u r e  
w i t h  spans   o f  150-200-200-200-150 f e e t ,  2 g i r d e r s  
29 fee t  a p a r t ,   s t r i n g e r s   a n d   f l o o r  beams s p a c e d   t o  
use  6% i nch   me ta l   g ra t ing   deck .  

A f i v e   s p a n   c o n t i n u o u s   p l a t e   g i r d e r  s t e e l  s t r u c t u r e  
wi th  spans  of 150-200-200-200-150 f e e t ,  4 gi rders  
spaced at  9 1 - 8 1 ~ ,  s t r i n g e r s   a n d   f l o o r  beams s p a c e d   t o  
u s e  5 inch  metal g ra t ing   deck .  
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5 )  A f ive   span   con t inuous  p la te  g i r d e r  s t e e l  s t r u c t u r e  
with spans  of  160-200-200-200-160 f ee t  ( t h e   e x t r a  
l e n g t h  i s  requi red   because   deeper  girders r e q u i r e d  
f o r  the  conc re t e   deck   ex tend   t he  he ight  of  f i l l ) ,  
2 g i rders  19 f ee t  a p a r t ,   c o m p o s i t e   a c t i o n  11 inch  
r e in fo rced   conc re t e   deck  - no f l o o r  beams o r  
s t r i n g e r s .  . . .. 

6 )  A s i x   s p a n   c o n t i n u o u s   p l a t e   g i r d e r   s t e e l   s t r u c t u r e  
w i t h  spans  of  130-160-160-160-160-130 f ee t ,  2 g i r d e r s  
19 f ee t  a p a r t ,   c o m p o s i t e   a c t i o n  11 i n c h   r e i n f o r c e d  
concre te   deck  - no f l o o r  beams o r  s t r i n g e r s .  

7 )  A fou r   span   con t inuous   t h rough   t ru s s  s t e e l  s t r u c t u r e  
wi th  spans  of  200-250-250-200 f e e t ,  2 t r u s s e s ,  
f l o o r  beams, s t r i n g e r s   a n d  7 . inch   concre te   deck .  

8 )  A four   span   cont inuous   box   g i rder  s t e e l  s t r u c t u r e  w i t h  
spans  of  200-250-250-200 f e e t ,  2 b o x - g i r d e r s  19 f ee t  
a p a r t ,   c o m p o s i t e   a c t i o n  10% i n c h   r e i n f o r c e d   c o n c r e t e  
deck - no f l o o r  beams o r  s t r i n g e r s .  

9 )  A four   span   cont . inuous   box’g i rder  s t e e l  s t r u c t u r e  
wi th  spans  of  200-250-250-200 f e e t ,  2 b o x   g i r d e r s  
27% f ee t  a p a r t ,   s t r i n g e r s   a n d   f l o o r  beams s p a c e d   t o  
use  64 i n c h  metal g r a t i n g   d e c k .  

10.) A four   span   cont inuous   segmenta l   p recas t   concre te  
box girder  s t r u c t u r e  wi th  spans  of  210-250-250-210 f e e t ,  
one   box   sec t ion   inc luding   deck .  
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ESTIMATES  OF COST 

The u n i t   p r i c e  upon  which these estimates 
o f   c o s t   a r e  based have  been deal t  w i t h  unde r   t he  

' "Materials" s e c t i o n   o f  t h i s  r e p o r t .  

The estimated c o s t s  shown i n  Table  I a p p l y . ' "  
t o  t h e  va r i ab le s   on ly .   A l though  f i l l  q u a n t i t i e s   a n d  
l e n g t h   o f   g u a r d r a i l   v a r y   s l i g h t l y ,  we have  considered 
them as cons t an t s   i n   compar ing  t h e  c o s t   o f   v a r i o u s   a l t e r n a t e s .  

. .  

The HS-25 des ign   l oad ing  i s  such tha t  no 
i n c r e a s e   i n  materials i s  n e c e s s a r y   t o  accommodate a s i n g l e  
HS-40 t r u c k  w i t h  dua l   ax l e s ,   spaced   no t  less t h a n  4 f ee t  
apa r t   and  w i t h  2 4  f e e t  between  f ront   and reak a x l e s .  
Design stress would be 125% of b a s i c   u n i t   v a l u e s   a n d  t h e  
t r u c k  would be r e s t r i c t e d   t o  t h e  c e n t r e  1 2  f e e t  of  deck. 

Some of  t h e  a l t e r n a t e s   i n v e s t i g a t e d  were 
recognized  as be ing  be t t e r  a r rangements   than   o thers ,  
but  t h e  comparisons were worked  out  anyway. The two g i r d e r  
systems w i t h  c a n t i l e v e r   f l o o r  beams a p p e a r   t o  be t h e  most 
economical w i t h  a s l i g h t   a d v a n t a g e   o v e r a l l   t o  t h e  r e i n f o r c e d  
c o n c r e t e   d e c k   a l t e r n a t e s .  

Although t h e  s i x   s p a n   s t r u c t u r e   a p p e a r s   t o   h a v e  
a s l i g h t  advantage  over  t h e  comparable   f ive   span ,   foundat ion  
c o n d i t i o n s ,  unknown at  t h i s  time, could eas i ly  change t h i s .  
I n  t h e  event  t h a t  p i l i n g  i s  n o t   r e q u i r e d ,  t h e  s u b s t r u c t u r e  
c o s t s  w i l l  decrease  appreciably  (about   $150,000 w i t h  c o n c r e t e  
deck  and $140 ,000  wi th  s t e e l  deck . )  

The e s t i m a t e d   c o s t   o f  t h e  s t r u c t u r e ,   u s i n g  
a l t e r n a t i v e  No. 5 as a basis, would be: 

Variables (from Table I )  $1,646,000 

R a i l i n g  55,000 

F i l l  

Rip-Rap 

330,000 

60,000 

$2,091,000 

The s t r u c t u r e  i t s e l f  n e g l e c t i n g  f i l l  and 
r ip-rap  would be $1,701,000  which i s  approximately  $65.00 
p e r   s q u a r e   f o o t   o f   b r i d g e .  
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WILLOWLAKE R I V E R  BRIDGE 

TABLE I 

ESTIMATES  OF  COST OF VARIABLES 
NOT I N C L U D I N G  FILL, RIP-RAP OR R A I L I N G  

ALTERNATE NO. DESCRIPTION SUBSTRUCTURE SUPERSTRUCTURE DECK TOTAL 
COST COST COST COST 

1' 2 S t e e l  Plate G i r d e r s  
5 Span  continuous @ . 1 9 '  
150-200-200-200-150 S t r i n g e r s  @ 36" 

F l o o r  Beams 8 25 '  
5" Metal Deck 

2 2 S t e e l   G i r d e r s   c o n t i n u o u s  
@ 2 1 '  
S t r i n g e r s  @ 50" 

Drawing No. 1 Floor-Beams @! 25'  
6%" metal deck 

3 2 S t e e l   G i r d e r s   c o n t i n u o u s  

4 
5 Span 

@ 2 9 '  
S t r i n g e r s  @ 48" 
F l o o r  Beams @ 25' 
6%" metal deck 

4 S t e e l   G i r d e r s   c o n t i n u o u s  

S t r i n g e r s  @ 36" 
F l o o r  Beams @ 25'  
5" Metal Deck 

@ 9"8" O . C .  

5 2 S t e e l   G i r d e r s   c o n t i n u o u s  
5 Span 
160-200-200-200-160  Composite  Action 

Drawing No. 2 f l o o r  beams o r  s t r i n g e r s  

I 8 1 9 '  

11" Concrete  Deck - No 

$ 6 9 0 , 0 0 0  $235,000  $1,683,000 

$660,000  $268,000  $1,686,000 

$720,000  $,268,000  $1,746,000 



TABLE I ( c o n t ' d )  

ALTERNATE NO. DESCRIPTION 

ESTIMATES  OF  COST  OF  VARIABLES 
NOT I N C L U D I N G  FILL, RIP-RAP OR R A I  L I N G  

SUBSTRUCTURE SUPERSTRUCTURE DECK TOTAL 
COST COST COST COST 

6 
6 Span 
130-160-160-160 
-160-130 
Drawing No. 3 

7 
4 Span 

Drawing No. 4 
200-250-250-200 

8 
4 Span 

Drawing No. 5 
200-250-250-200 

9 
4 Span 
200-250-250-200 

10 
4 Span 

Drawing No. 6 
210-250-250-210 

2 S tee l   Gi rders   cont inuous   $916,000 
8 19' 
Composite  Action 
11" Concrete  Deck - No 
f l o o r  beams o r  s t r i n g e r s  

2 Through  Trusses  continuous  $614-,000 
w i t h  f l o o r  beams 8 2 5 ' ,  
S t r i n g e r s  8 4 ' - 2 "  and 
a 7" Concrete  Deck 

2 S t e e l  Box G i r d e r s  $616,000 
cont inuous  8 19' 
11" Concrete  Deck - No 
f l o o r  beams o r  s t r i n g e r s  

2 S t e e l  Box Girders   $614,000 
cont inuous  8 27'-611 
F l o o r  Beams 8 25 '  
S t r i n g e r s  8 50rr 
6%" Metal Deck 

P r e c a s t ,   P r e s t r e s s e d   $ 6 3 0 , 0 0 0  
Concrete ,   segmental  
cont inuous  

$288,000  $1,642,000 

$197,000 $1,746,000 

$3OO,OOO $1,701,000 

$267,000  $1,729,000 

" $1,980,000 
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CONSTRUCTION AND SCHEDULING 

The c o n s t r u c t i o n   o f  t h i s  c r o s s i n g  i s  l i k e l y  
t o  be most  economical i f  car r ied  ou t   du r ing  a s i n g l e  
c o n s t r u c t i o n   s e a s o n   s t a r t i n g   i n   A u g u s t .  The e x t r a   c o s t  . 

of work b r i d g e s   n e c e s s a r y   t o   r e a c h  some of  t h e  r i v e r   p i e r s  
would be more t h a n   o f f s e t  by t h e  e x t r a   c o s t s   o f  moving i n  
and   ou t   twice .  The s c h e d u l e   f o r  t h i s  would invo lve  
cons t ruc t ion   o f   t he   sou th   abu tmen t   and  two sou th   r i ve r   p i - e r s  
d u r i n g  the  f a l l  u s i n g  a work br idge t o   r e a c h  the  second 

north  abutment  would  not s tar t  u n t i l  t h e  i c e  was s t r o n g  
enough t o   s u p p o r t   c o n s t r u c t i o n   e q u i p m e n t .  

. r i v e r   p i e r .  Work on t h e  o t h e r  two r i v e r   p i e r s   a n d  t h e  

The s t r u c t u r a l  s t e e l  would be e r e c t e d   o f f  t h e  
i c e   d u r i n g  t h e  l a t e  win ter   and  ear ly  s p r i n g .  The deck,  
approach f i l l s  and f i n a l   f i n i s h  would t h e n  take p l a c e   d u r i n g  
t h e  fo l lowing  summer. S ince  t h e  g r a d i n g   c o n t r a c t o r s  w i l l  
be d i f f e r e n t   o n   e a c h  side of  t h e  Wil lowlake  River ,  t h e r e  
seems t o  be no r e q u i r e m e n t   f o r  a temporary  crossing  beyond 
a n   i c e  br idge .  

Recent   experience w i t h  c o n t r a c t o r s   i n d i c a t e s  
that most of  them  have a s t r o n g   p r e f e r e n c e   f o r   c o n t i n u i t y  
on a p r o j e c t .   I n  t h i s  c a s e ,  a s ing le   supe r in t enden t   and  
crew are able  t o  s tar t  and s t ay  w i t h  t h e  p r o j e c t   u n t i l  i t  
i s  complete .  



RECOMMENDATIONS AND.CONCLUSIONS 

The f i v e   a n d  six s p a n   s t r u c t u r e s  are  
r e a s o n a b l y   c l o s e   i n  estimated c o s t .   S i n c e   t h e r e  are . . .  

more  unknowns i n v o l v e d   i n   r i v e r   p i e r s   t h a n  any o t h e r  
p a r t   o f  a p ro jec t   such  as t h i s ,  we would  recommend 
t h e  f i v e   s p a n   s t r u c t u r e   o v e r  t h e  s i x .  

We a l s o   f a v o r  the r e in fo rced   conc re t e   deck  
over  the metal g r i l l a g e   f o r  a number of' r e a s o n s .   F i r s t l y ,  
ou r  estimates i n d i c a t e  t h e  s t r u c t u r e  w i t h  t h e  concrete   deck 
i s  more  economical  because it e l i m i n a t e s  t he  f l o o r  beams 
a n d   s t r i n g e r s   n e c e s s a r y   t o   s u p p o r t  t h e  metal g r i l l .   S e c o n d l y ,  
t h e   g r a t i n g   s t r u c t u r e  i s  much l i g h t e r  and w i l l  t e n d   t o  
v i b r a t e  more u n d e r   l i v e   l o a d .  

F i n a l l y ,  t h e  o p e n   g r i l l a g e  w i l l  a l l o w   g r a v e l  
and mud t o  s p i l l  on t o  t h e  s t ruc tu re   and   bea r ings   be low 
and  would d i c t a t e  t h e  use  of   weather ing s t ee l s .  

We recognize  t h e  advantages  of a g r i l l a g e   f r o m  
t h e   p o i n t  of  view  of snow removal  but  pipe  curbs  on a 
conc re t e   deck   cou ld   a l so  be e f f e c t i v e .  

The at tached  drawings show t y p i c a l   l o n g i t u d i n a l  
a n d   c r o s s   s e c t i o n s   o f   a l t e r n a t e s :  No. 2 (Drawing No. l), 
No. 5 (Drawing No. 2 ) ,  No. 6 (Drawing No. 3 ) ,  No. 7 (Drawing 
No. 4 ) ,  No. 8 (Drawing No. 5 )  and a c r o s s   s e c t i o n   o f  t h e  
p r e c a s t   c o n c r e t e   p r o p o s a l  No. 1 0  (Drawing No. 6 ) .  

We would recommend tha t  A l t e r n a t e  No. 5 shown on 
Drawing No. 2 be cons idered  as t h e  f i r s t  cho ice .  On t h i s  
basis, t he  g e o t e c h n i c a l   c o n s u l t a n t   s h o u l d   i n v e s t i g a t e  t h i s  
s i t e  by d r i l l i n g  a t  t h e  loca t ion   o f   each  p i e r  and  abutment 
p lus   necessa ry   ho le s   t o   de t e rmine  t h e  d e s i g n   c r i t e r i a  
f o r  t h e  approach f i l l s .  

Respec t fu l ly   submi t t ed ,  

T .  LAMB, AND ASSOCIATES LTD. 

R .  N .  McManus, P .  Eng. 
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DEPARTMENT OF PUBLIC WORKS MINIST~RE DES TRAVAUX PUBLICS 

OFFICE OF THE BUREAU DU 
REGIONAL  DIRECTOR 

CANADA 
DIRECTEUR R~GIONAL 

1 0 t h  F loo r ,  One Thornton  Court ,  
P . O .  Box 488, 

WESTERN RECION Edmonton, A1 b e r t a .  
REGION DE L'OUEST T 5 3  2K1 . 

A u g u s t  28, 1972. 

T.  Lamb,  McManus & A s s o c i a t e s ,  
Consul t ing  Engineers ,  
10214 - 1 1 2   S t r e e t ,  
Edmonton, A1 b e r t a .  

A t t en t ion :  Mr. R .  N. McManus. 

Dear S i r s  : 

C o n s u l t a n t   I n v e s t i g a t i o n s  and  Design, 
Willow  Lake  River  Bridge,  Mile  395, 
Mackenzie  Highway. 

- .  . 

I am p l e a s e d   t o   a d v i s e   t h a t   t h e   D e p a r t m e n t   h a s   s e l e c t e d   y o u r  
firm t o   u n d e r t a k e  t h e  i n v e s t i g a t i o n ,   d e s i g n  and s u p e r v i s i o n  
of   construct ion  of   the  Wil low Lake River  Bridge  which i s  
l o c a t e d   a t  Mile 395 on the  Mackenzie Highway. This work wi l l  
i nvo lve   t he   b r idge   c ros s ing  which i s  t e n t a t i v e l y   p r o p o s e d   f o r  
HS-25 load ing  and w i l l  a l so   i nvo lve   approach  embankments  and 
e x c a v a t i o n   l e a d i n g   t o   t h e   b r i d g e .  The  work t o  be c a r r i e d   o u t  
by your firm i s  t o  be done i n  con junc t ion  w i t h  t h e  highway 
locat ion  and  design  being  performed by D e p a r t m e n t a l   s t a f f ;  
w i t h  a hydro logy   consu l t an t   (Bo l t e r ,   Pa r i sh  & Tr imble ) ;  w i t h  
an  environmental   consul tant  ( F .  F.  Slaney & Co.) and t h e  
Federal   Department  of  Environment  (Fisheries).  

I am e n c l o s i n g  a copy  of the  Departments  Standard  Agreement 
f o r   E n g i n e e r i n g   S e r v i c e s .   I t  w i l l  be n e c e s s a r y   t h a t  t he  
Department  and  your firm e n t e r   i n t o  a c o n t r a c t  under t h i s  
f o r m a t   f o r  work involved .  A c o n t r a c t   w i l l  be d i v i d e d   i n t o  
s ix  phases   as   fo l lows:  

Phase 1 ( A )  P r e l i m i n a r y   I n v e s t i g a t i o n   a n d   r e p o r t  by December 
1 ,  1972  recommending t y p e   o f   s t r u c t u r e s ,   e s t i m a t e d  
cos t ,   env i ronmen ta l   conce rns ,   a s the t i c s  and 
f i s h e r i e s  c o n s i d e r a t i o n s .  

Phase 1 (B)  Required by March 31,  1973 - the   comple te  pre- 
l imina ry   des ign ,   f i na l i zed   concep t s .  

f l  Phase 2 ( A )  Complet ion  of   plans  and  specif icat ions f o r  tendered 
s u b - s t r u c t u r e .  

Phase 2 (B)   Comple t ion   of   p lans   and   spec i f ica t ions   for  tendered 
s u p e r - s t r u c t u r e .  

. . .  2 
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Phase 3 ( A )  Supervision  of  construction  for  sub-structure. 

Phase 3 (B) Supervision  of  construction  for  super-structure. 

The  commencement  of e.ach of  the  phases  listed  above  to  be 
taken  only  on  the  written  authorization by the  Department. 
This  letter will constitute  the  authorization  to  commence 
Phase 1 ( A ) .  

The  method  of  payment  for  Phases 1 A & B will be  based o n . .  
the  following: 

1. Principles - per  diem  rate - $176.00 .. . 
2. Executives - per  diem  rate - $173.00 
3. Professional & Technical  Staff - Payroll  times 2.25. 
4. ,Disbursements  at  cost. 

For  Phase 2 A & B method  of  payment  will  be  on  an  established 
percentage  of  construction  cost.  For  Phase 3 A & B the 
method  of  payment  will  be  as  follows: 

1. Professional & Technical  Staff - Payroll  times 1.70 
2. Disbursements  at  cost. 

Would  you  please  review  the  information  provided  and  be  pre- 
pared  to  meet  with  officials o f  the  Department  to  discuss 
schedules,  method  of  operation  and  budgets. I n  preparation 
of  the  budgets  please  be  advised  that  the  maximum  amount o f  
funds  available  for  the  fiscal  year  1972/73  is  $25,000.00  and 
payment  will  be  made  on  invoices u p  to  that  amount  re-ceived 
prior  to  April 1 ,  1973.  Should  you  have  any  questions  con- 
cerning  the  information  provided  please  contact Mr. F. E. 
Kimball,  Project  Manager N.W.T. Highways,  telephone  429-5511. 

Yours  truly, 

3 .  A .  Brown, 
Regional  Director. 

Attach, 
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R.MmHARDV & ASSOCIATES LTDm 
CONSULTING  ENGINEERING & TESTING 0 GEOTECHNICAL  DIVISION 

File No. 5 0 8 0 - 1 
October  5,  1972 

T. Lamb,  McManus & Associates  Ltd., 
10214 - 112  Street, 
Edmonton,  Alberta. 
T5K  1M5 

. .  . 

Re:  Aggregates  for  Proposed 
Manufacture  of  Concrete - 
Willow  River  Bridge, 
Northwest  Territories 

Dear  Sirs : 

We  enclose  the  aggregate  analysis  reports  on  two 
samples  of  pit  run  aggregate  submitted  to  our  laboratory  on 
September 21, 1972,  proposed  for  concrete  manufacture  on  the 
above  noted  job.  These  aggregates  may  be  briefly  described 
as  follows: 
Wrigley  Source - A max  2"  pit  run  containing  about  37%  sand 
fraction.  The  rock  fraction  is  visually  sound,  well  qraded 
and  suitable  for  concrete  manufacture. -The fine  fraction 
(sand)  is  coarse, F.M. = 2.90, well  graded, No. 3 color  test 
showing  the  presence  of  some  organics,  but  having a silt 
content  of  7.2%.  ASTM  recommends a limit  of  5%  for  concrete 
in  general  usage  and  3%  for  concrete  subject  to  abrasion. 

Liard  River  Source - A max  2"  pit  run  containing  about  56% 
sand  fraction.  The  rock  fraction  is  visually  sound,  well 
graded  and  suitable  for  concrete  manufacture.  The  fine 
fraction  (sand)  is  coarse, F.M. = 2.93,  reasonably  well 
graded, No. 3 color  test  showing  the  presence  of  some 
organics,  and  an  acceptable  silt  content  of 2.3%. 

concrete  it  is  assumed a high  quality  concrete  is  required,  that 
will  be  subjected  to  abrasion.  The  best  choice of source  with 
the  minimum  benefication  required,  would  therefore  be  the  Liard 
River  source.  The  higher  than  desirable  quantity  of  sand  fraction 
would  necessitate  separating  the  rock  and  sand  fractions  and 
recombining  in  proper  proportions  during  concrete  manufacture. 
If  the  pit  run  material  is  reasonably  dry  or  in a frozen  state 
but  not  lumpy,  this  separation  can  probably  be a dry  screen 
vibratory  operation. An excess  of  sand  will  result. 

Respe #;J; I 4.1 submitted, 3 

E. F. Holmgren, P.  Eng. 

Since  construction  of a bridge  is  the  end  use  of  the 
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E:$:JN ~TL LESHBWDGE 
RED DEER 

VANCOUVER  REGINA 
DAWSON CREEK 

CONCRETE AGGREGATE REPORT 

A s s o c i a t e s  L t d .  , 
10214 - 1 1 2  S t r e e t ,  
EDMONTON, Alberta. 

To: T. Lamb, McManus E, 

Lab. Order No. 5 0 8 0 - 1  
Type of Sample pit Run 
~~b Wil lowlake   River   Br idqe  
Source Wriqley 
Sampled by C l i e n t  
Date Sampled 
Date Received September 2 1 / 7 2  
Date Tested September 2 5 / 7 2  
Date Reported October 4/72  
Laboratory Edmonton 
Copies to: 

COARSE  AGGREGATE FINE AGGREGATE 

Size  Individual 1 Cumulative Size Individual I Cumulotive 
Screen Percent  Retained Screen Percent  Retained 

I I 

2" 
1 $5'' 1 4 . 1  14.1 
1 8' 10.8   24 .9  

1 8 . 1  43.0 
V2)' 20 .5   63 .5  
Ya " 14 .5  78.0 
No. 4 22.0 1 0 0 . 0  

NO. a 18 .5  1 8 . 5  
No. 16 1 3 . 9  32.4 
No. 30 29.2 61 .6  
No. 50 
No. 100 
No. 200 
Pass No. 200 7.2 

Shape Sub-Rounded,  Rounded 

Percent Crush 
Smndness (visual inspection) Good 

Pit Run 

Coal  Content 
Other R q p r k s  
1 1 / 2  - #4 Spec Band 

F.M. Range  2.2-2.6 "Fine Sand 
2.6-2.9-Medium Sand 
2.9-3.2 __ Coarse Sand 

Percent  Sand 36.8 
Percent finer  than No. 200 7 . 2  
Organic  Impurities No. (Color Range 1-51 

(as is) # 3  
(with coal removed) 

Coal  Content 
Other Remarks 

I 

Fine  Aggregate  Gradation  Limits CSA A23-67 a ASTM C33-67 
100 

90 

80 

70 

60 

* 50 

40 

30 

20 

10 

0 

I 8 I 195-10p*,195-100 I 3" 2" 1 '/" I " %" ,/," ya'' NO. 4 NO. 8 NO. 16 NO. 30 NO. 50 NO. 100 No. 200 
' I  

Report Certified: 
Screen Size 



CALGARY 
EDMONTON 
VANCOUVER 

LETHSRIDGE 
RED DEER 
REGINA 

DAWSON CREEK 

CONCRETE AGGREGATE REPORT 
To: T. Lamb, McManus & 

Associates Ltd., 
1 0 2 1 4  - 1 1 2  S t r e e t ,  
EDMONTON, Alberta. 

Lab. Order No. 508 0-1 
n - L  ""_ 

Type of Sample 
Job Wil lowlake   River   Br idge  
Sourcz Liard River 
Sornpled by C l i e n t  
Date Sampled 
Dato Received September  21/*/ 2 
Date Tested September 25/'/ 2 
Date Reported October  4/ / 2  
Laboratory Edmonton 
Copies to: 

rLL K U I ~  

COARSE  AGGREGATE FINE AGGREGATE I 

kreen  Percent Retoined Screen Percent  Retained 
Size Individual  Cumulative Size  Individual  Cumulative 

2 " No. 4 

;h@e Sub-Rounded,  Rounded F.M. Range 2.2-2.6 -Fine Sand 
2.6-2.9-Medium Sand 

Percent Crush Pit Run 2.9-3.2 - Coarse  Sand 
SDundness (visual inspection)- Percent  Sand 56.0 

Percent finer than No. 200 2.3 
Coal  Content Organic Impurities No. (Color Ran e 1-51 
Other Remarks (as is) # 3  
1 112" - ff4 Spec Rand. (with  coal removed) 

Coal Content 
Other Remarks 

~~ 

Fine  Aggregate  Grodotion  Limits CSA A23-67 & 'ASTM (33-67 

GRADATION LIMITS 
PERCENT  RETAINED 

100 

90 

80 

70 

60 

50 

40 

- 
- 
- 

30 . 

20 . 
IO . 

0. 
3" 2" I Vz'' 1 " 3!" YZ'' 34'' NO. 4 NO. 8 NO. 16 NO. 30 NO. 50 NO. 100 No. 200 

Report  Certified. 
Screen Siut 
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SUPPLEMENTARY  REPORT 

INVESTIGATION OF AN ALL STEEL BRIDGE  CONCEPT 

Introduction: 

Because of possible  problems  and  excessive 
costs  related  to  the  procurement  and  supply of suitable 
concrete  aggregates for use in the  bridge  substructure  and 
deck,  the  merits of an all steel bridge  concept  has  been 
investigated.  The  investigation was carried  out on.the basis 
of certain  specific  assumptions  and  pier  requirements  as 
applicable  to  the  Willowlake  River  Crossing  using  Alternative 
No. 2 (as designated in the  main body of  the  report)  for the 
bridge  superstructure.  This  was  chosen  rather than Alternative 
No. 1 because  the  extra  two  feet  between  girders  is  helpful 
in resisting  overturning.  The  total  cost of Alternative No. 2 
is not  significantly  different  from  Alternative No. 1. 

To.facilitate a comparison of costs, a typical 
concrete  pier  was  designed  which  would  be  applicable  for 
the  substructure of Alternative No. 5. Both  bridge  alternatives 
have  the  same  basic  span  lengths  and  pier  requirements  and 
differ  only in the  type of deck  system  employed. 

Assumptions: 

1. Ice  pressures  were  calculated on the  basis 
of 300 p.s.i. using 48 inches of thickness at an elevation of 
approximately 25 feet  above  stream  bed  level  as  suggested by 
the Hydrology  Consultants. 

2. Lateral  wind  forces  were  calculated for a 
pressure of 50 p.s.f. acting on the  exposed  area of the 
superstructure. 

3 .  Foundation  conditions  were  assumed  suitable 
for the  use of drive  steel 'H' piles or pipe  piles  with 
adequate  embedment to develop  uplift capacity. 

- i -  



Design  Considerations:  

One of t h e  basic  problems i n  developing  an a l l  
steel P i e r  concept i s  the lack of dead load   necessa ry   t o  
resist over turn ing  moments from i c e  and wind  and the l ack  of 
an  adequate mass t o  dampen t h e  dynamic e f f e c t s  of such  loadings.  
This  i s  P a r t i c u l a r l y   t r u e   f o r  t h e  Willowlake  River Bridge 
where P ier  he ights  as much as 60 fee t  above r i v e r  bed are 
r equ i r ed .  

Two basic   concepts   of  s teel  pier design  have 
been   i nves t iga t ed .   In  the one  case the  p i l e s   a r e   c o n s i d e r e d  
as extending up t o  the p i e r  cap   and   r e s i s t i ng  a l l  l a te ra l  
f o r c e s  as a comb. ina t ion   o f   ve r t i ca l   can t i l eve r s .  T h e i r  t o t a l  
r e s i s t a n c e  i s  e q u a l   t o  the  sum of the c a p a c i t i e s   o f  the 
i n d i v i d u a l   v e r t i c a l  members. Since t h e  p i l e s  cannot be 
considered  f ixed less than  1 0  fee t  below r i v e r   b e d ,  a t o t a l  
design movement of 60,000 f o o t  k i p s  r equ i r e s   an   excess ive  
number of piles  extending  above  and  below  river bed. Large 
diameter c y l i n d e r s ,   d r i v e n   i n t o  t h e  r i v e r  bed and  extending 
upward as p i e r  shafts would no t   have   su f f i c i en t  moment o r  
u p l i f t   c a p a c i t y   e v e n  i f  they  exceeded 8 feet  i n  diameter. 

This s i t u a t i o n  i s  no t   r e l i eved  by j o i n i n g  the  
members i n t o  a s ing le   un i t   above   g round   s ince   up l i f t   f o rces  
are then   b rough t   i n to  p l a y  and the t o t a l  wid th  of the p i l e  
group i s  l imited.  

A des ign   f ea tu r ing  a combination  of bat ter  p i les  
and v e r t i c a l  p i l e s  below r i v e r  bed, s p a c e d   t o   r e s u l t   i n  
optimum r e s i s t a n c e   t o   o v e r t u r n i n g ,  l a t e ra l  f o r c e s   a n d   v e r t i c a l  
loads was a lso   cons idered .  A p i l e  cap  in-  the  form  of a s teel  
g r i l l a g e  was designed  and a s t e e l  p i e r  carded  from t h e  gr i l lage 
t o  t h e  underside of the s u p e r s t r u c t u r e .  

The p i e r  shaft c o n s i s t s   o f  two large diameter 
steel  c y l i n d e r s ,   f i l l e d  w i t h  g r a v e l   t o  improve the s t a b i l i t y  
of t h e  s t r u c t u r e ,  and  joined by a s teel  web. 

The advantage  of t h i s  system i s  tha t  the p i e r  
shafts can be l o c a t e d   d i r e c t l y  below t h e  girders f o r   a e s t h e t i c  
reasons  and,   being  joined by a web, will have   su f f i c i en t   capac i ty  
t o  resist l a te ra l  f o r c e s .  

Below t h e  g r i l l age  the p i l e s   c a n  be dr iven  w i t h  
bat ter  and w i d e l y  spaced t o  resist- over turn ing .  

- ii - 



This design i s  the one recommended f o r  
c o n s i d e r a t i o n   i n  t h e  a l l  s teel  concept.  The p i e r  shaft 
c o n s i s t s   o f  two 8 foo t  diameter s t e e l ' c y l i n d e r s  f i l l e d  wi th  
gravel   and  interconnected by a diaphragm  throughout t h e i r  
length .  The shaft i n   t u r n  i s  connected  below r i v e r  bed l e v e l  
t o  a s t ee l  gr i l lage  which a c t s  as a p i l e   c a p .  Below the 
gr i l lage battered and v e r t i c a l   p i l e s  are d r i v e n   i n  a p a t t e r n  
considerably wider than  the p i e r  shaf t .  The proposed  design 
i s  shown on  Drawing No. 7 a t t ached .  

Although the p i e r  shaft cy l inde r s   can  be shop 
fabr ica ted   comple te  w i t h  connec t ing   s t i f f ene r s   and   gusse t  
p l a t e s ,  the  p i l e  cap   g r i l l age -wou ld   have   t o  be f i e l d  welded 
t o  the  p i l e s  a f t e r   c u t   o f f .  

Furthermore,  the  shaft should  extend below the 
s c o u r   l i n e  so a dewatered  cofferdam w i l l  be  necessary t o  make 
the connection of g r i l l age  t o   p i l e s  and shaft .  

I n   o r d e r   t o  compare c o s t s ,  a t y p i c a l  mass 
concrete  p i e r  on s teel  p i l e  foundat ion has been  designed  and 
i s , shown on  Drawing No. 8 .  The shaft  s e c t i o n  has been kept  
t o  a p r a c t i c a l  minimum s i z e   c o n s i s t e n t  w i t h  the  requirements 
of mass and   s t rength .  
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Cost Estimates 

The fo l lowing  i s  an estimate o f  c o s t s   f o r  
the t y p i c a l  "steel" and  concrete piers  that  are shown on 
the at tached  drawings:  

S t e e l   P i e r  

72 'H' piles  @ 57# / f t .  

S t ee l   Gr i l l age : - -  

* $ 43,100. 

1 2  - 36" WF @ 170# x 5 2 '  1 

G u s s e t s ,   s t i f f e n e r s .  & diaphragms) 
17 - 24" WF' 8 130# X .24'  190,000 l b s  

85,500. 

Pier Shafts : - 
2 - 8 f t .  diameter c y l i n d e r s  1 

diaphragms, s t i f f e n e r s  ) 208,000 lbs 
cap plate and base de ta i l  ) 8 $0.50 104,000.  

G r a v e l   F i l l  250 cu.  yds.  8 $20.00 5,000. 

. Cofferdam 

Excavation  and  Backfil l  

25,000. 

5,000. 

$267,600. 

* Since   geotechnica l   in format ion  i s  s t i l l  n o t   a v a i l a b l e ,  
t he  c o s t   o f   p i l i n g  has been estimated at  $12.00 p e r  t o n  
of   load   suppor ted   for   bo th  t h e  s tee l  and concre te  piers .  
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Concrete Pier 

54 'HT p i l e s  Q 57#/ f t .  

* 660 cu.  yds of concre te  

Forming 

Reinforc ing  

Nose Plate 

Excavat ion  and  Backfi l l  

Cofferdam 

$ 32,400 

66,000 

15,000 

16,500 

5,000 

10,000 

25,000 

$169,900 

* . C o n c r e t e   i n  the form has been  taken at  $lOO.OO/cu.yd. 
The f i g u r e  of $70.00 u s e d   i n  the  o r i g i n a l  report was f o r  a 
more massive p i e r  and may b e  s l i g h t l y  low e v e n   f o r  t h a t .  
The amount of   concre te  i n  the piers  shown on  Drawing No. 7 
i s  less than  tha t  assumed i n  the o r i g i n a l   d e s i g n   b u t  w i l l  
b e  more d i f f i c u l t   t o   p l a c e .  We have ,   t he re fo re ,   i nc reased  
the estimated cos t   o f   concre te  p e r  cubic  yard i n   p l a c e .  
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Summary and  Conclusions 

On the basis of these estimated c o s t s  
.summarized i n  Table No. 2 ,  t he  a l l  s tee l  bridge s t r u c t u r e  
would-cost   approximately $450,000 more than  a br idge  w i t h  
comparable  spans  but  constructed w i t h  composite  concrete 
deck and  convent ional   concrete   substructure .  

The per cubic  yard p r i c e   f o r   c o n c r e t e   i n  the 
forms  used i n   e s t i m a t i n g  the  cos t   o f  t h e  conc re t e   subs t ruc tu re  
was taken  a t  a nominal  $100.00 wi th  a t o t a l   c o s t   i n c l u d i n g  
forming  and  reinforcing  of  just   under  $150.00 per cubic  yard .  
If t h i s  p r i c e   f o r   c o n c r e t e  was raised by $50.00 per cubic  y a r d  
the t o t a l   p r i c e   d i f f e r e n t i a l  would decrease   to   approximate ly  
$300,000. 

As p o i n t e d   o u t   i n  the main   repor t ,  i f  foundat ion 
condi t ions  a t  the  s i t e  were such that  p i l i n g  was not   requi red  
a s u b s t a n t i a l   s a v i n g   i n  t he  order  of  $130,000 t o  $150,000 
would be achieved. T h i s  saving would only apply  i f  a convent ional  
concrete  t y p e  subs t ruc tu re  was employed. 

Construct ion  of   an "a l l  s tee l  br idge" f o r  t he  
Willowlake  River  crossing i s  poss ib l e  where foundat ion  condi t ions 
a p p e a r   t o  be s u i t a b l e   t o  t h e  use  and  de-watering  of a shee t  
p i l e  cofferdam.  Construction of a s t e e l   s u b s t r u c t u r e   o f  t he  
t y p e   i n d i c a t e d   i n  t h i s  r e p o r t  a t  o the r   l oca t ions   such  as 
the   Blackwater   River   c ross ing  where the  r i v e r   c h a n n e l  i s  
p r i m a r i l y  g r a v e l   t o  a cons iderable  depth would not l i k e l y  be 
p r a c t i c a l   o r   p o s s i b l e .  The p r i n c i p a l   d i f f i c u l t y  would be 
dewatering a cof ferdam  wi thout   sea l   concre te   in   o rder   to   connec t  
the s tee l  gr i l lage.  
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COST  SUMMARY - TABLE NO. 2 

I. A l l  S t ee l   Br idae   (S tee l   G i rde r  & Metal Deck Gra t ing)  

S t r u c t u r a l   S t e e l  i n  Girders,   Floor  System 
and  Bracing 570 t o n s  @ $12.00 $ 684,000 

25,550 sq. f t .  o f  6%" s tee l  deck   gra t ing  , . , 

@ $10.50'  268,000 

Handrail   and Guard Rail 55 , 000 

4 River Piers  @ $267,600  1,070~,400 

2 Abutments 8 $40,.000 80,000 

Approach F i l l  330,000 

Rip Rap 60,000 

$2,547,400 

11. Stee l   Gi rder   Br idge  - Concrete Deck & Subs t ruc ture  

S t r u c t u r a l   S t e e l  in Girders  & Bracing 
491 tons  8 $12.00 $ 590,000 

11%" Concrete Deck Slab  290,000 

Handrail   and Guard Rail 55,000 

4 Concrete Piers 8 $169,900  679,600 

2 Abutments @ $43,200 86,400 

Approach F i l l  

Rip Rap 

330,000 

60,000 

$2,091,000 

- v i i  - 
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