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I .  INTRODUCTION 

A5 p a r t  o f  a geotechnical  engineering  study,  carr ied out f rom  Mi le 725 t o  

M i l e  632 o f  the proposed  Mackenzie Highway, a number of major   r i ver  and 

stream  crossings,including Bosworth  Creek  were i nves t i ga ted   i n   de ta i l .  The 

genera l   s i te   loca t ion   i s   ind ica ted  on the Key Plan, Drawing No. A-1, Appendix A. 

Deta i l s  o f  the  Invest igat ion,   s i te   condi t ions,   geotechnica l   data and 

recommendations p e r t i n e n t   t o   t h e  development o f  the  creek  crossing,  are 

reported  'herein. 

Th is  work was ca r r i ed   ou t   f o r   t he  Government o f  Canada, Department of Pub1 i c  

Works, and was authorized by Contract Number A10/73, F i l e  No. 9305-52-307. 

I I .  GEOTECHN I CAL DATA AQU I S IT  I ON 

2.1 Fie ld   Tes t ing  

The evaluat ion of subsurface  conditions has been based  on f i e l d  data  obtained 

from 13 boreholes, d r i l l e d   a t   t h e   l o c a t i o n s  shown on Drawing No. A-2, Appendix 

A. O f  the 13 boreholes  dr i l led,  one was d r i l l e d  a5 a center   l ine  borehole 

(Borehole 632-C-4), in   conjunct ion  wi th   the  genera l   route  evaluat ion,  and the 

remainder  (Boreholes 632-S-1 t o  632-5-12, . inclusive) were located and d r i l l e d  

s p e c i f i c a l l y  t o  def ine  subsur face  condi t ions  a t   the  cross ing.   Deta i led 

borehole  logs  are  presented  in Appendix B. 

* A l l  boreholes  were d r i l l e d   w i t h  a t r a c k  mounted Mayhew 500 r o t r a r y   d r i l l   r i g ,  

using a continuous a i r   r e t u r n   c i r c u l a t i o n  system. Boreholes advanced w i t h  

t h i s   d r i l l   r i g   g e n e r a l l y  averaged  about 4-3/4 inches I n  diameter. Borehole 

penetrat ion ranged from 9 f e e t  t o  86 feet ,  and averaged 39 fee t   in   depth .  

Sampling consisted of  representat ive bag samples, obtained  at   depths  of  24, 
5,  10 and 18 f e e t  below  ground  surface in   the  center   l ine  borehole,  and a t  

E.W Brooker & Associates Ltd. 
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depth  interval 's of  about 5 feet ,  below a depth  o f   5 . feet ,   in   the  spec ia l  

boreholes.  Undisturbed samples were no t   ob ta ined   a t   t h i s   s t t e  because of 

equtpmenr l im i ta t i ons .  

2.2 Laboratory  Testing, 

Laboratory  test ing was car r ied   ou t  on the   d is tu rbed  so i l  samples t o  determine 

the  natura l  water con ten t   p ro f t l e ,   A t te rbe rg   l im t t s ,   g ra in   s t ze   d i s t r i bu t i on ,  

soluble  sulphate  concentrat ion and organic  content  of   the  subsot l .  The 

moisture  'content  tests were undertaken i n   t h e   f i e l d   l a b o r a t o r y  o f  Elmer W. 
Brooker 6 Associates  Ltd. (EBA), w h i l e   a l l   o t h e r   t e s t i n g  was confined t o  the 

EBA Edmonton laboratory .   In   addi t ton t o  the  laboratory   test ing  out l ined 

above, a l l  samples were v i s u a l l y   c l a s s i f i e d   i n   b o t h   t h e  EBA f i e l d  and  Edmonton 

labo ra to r ies .   So i l   c l ass i f i ca t i on  was based on p las t i c i t y   acco rd ing  t o  the 

extended Un i f ted   C lass i f i ca t ton  System ( l ) *  and on t e x t u r a l   c l a s s i f i c a t i o n  

according t o  U.S. Engineers  Department (2) t e x t u r a l   c l a s s i f i c a t i o n   t r i a n g l e .  

Frozen  ground was c lass i f i ed   acco rd ing   t o  a modi f icat ion of the NRC system 

for  descrtbing  permafrost (3).  The modi f icat ion was necessary because the 

d is turbed  nature  o f   the sample d id   no t   pe rm i t   f u l l  usage o f  the NRC system 

wi th   respect  t o  descr ib ing  the form o f  excess ice. The system used re ta ins  

the matn  symbols V and N f o r   v i s i b l e  and non-visible  ice,  respectively, and 

the  modifying symbols B and F f o r   w e l l  bonded and poor ly  bonded non-v is ib le  

ice,  respectively. Excess ice  quant i t ies  were-est imated  f rom  v isual  

observations. 

The results of  laboratory  tests  are  presented on the  borehole  logs  (Appendix B) 
'where appl icable,  and on g r a i n   s i t e   d i s t r i b u t i o n   c u r v e s ,  Drawings No. C - 1  t o  

C - 5 ,  inc lusive,  Appendix C. Drawing No. C - 6 ,  Appendix C, presents a sumnary 

of laboratory   test   resul ts .  

* 
Numbers i n  parentheses r e f e r   t o   L i s t  of References  presented at the end o f  
th ts   repor t .  

E M  Brooker & Associates Ltd. 
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1 1 1 .  SITE CONDITIONS 

3 . 1  Surface  Features 

The proposed  Mackenzie  Highway crosses  Bosworth  Creek a t   M i l e  631.6 of the 
highway, approximately 3 miles  northwest of Norman Wells.  Drawing A-1, 

Appendix A ,  i s  a key p lan o f  the Norman Wells-Bosworth Creek area  which shows 

the   re la t i ve   loca t ion   o f   ma jor   fea tures   in   the   a rea .  Drawing No. A-2, 

Appendix A, presents a deta i led   s i te   p lan .   P la tes  1 and 2 ,  o f  Drawing No. A-3, 

Appendix A ,  are  photographs  which show the  crossing as  It appeared on 
June 7 ,  1973. 

Bosworth  Creek drains  the  area between the southwest s ide o f  the  Discovery 

Ridge o f   t h e  Norman  Range and Kee Scarp. In   the   spr ing  and a f te r   ma jo r  storms, 

considerable volume o f  water i s  channeled  through  the  Bosworth Creek  system 

in to   t he  Mackenzie River. However, i n   t h e  summer the   f low  ra te   o f  Bosworth 

Creek i s   r e l a t i v e l y  low. The creek has a well developed  f lood  plain (AFP), 

shown on Drawing No. A-2 and Plates 1 and 2 o f  Drawing No. A-3,  Appendix A .  

The f l o o d   p l a i n  i s  almost 280 feet  wide  at   the  crossing,  which  is  the  narrowest 

p o i n t   w i t h i n   t h i s  reach.  Except fo r   per iods  of peak flow,  the main  channel  probably 

i s   less   than 50 feet   wide. 

+ 

The va l ley   wa l ls   con ta in ing  Bosworth  Creek are  steepest on the  southern bank 

where they  range  from 5 degrees to 1 6  degrees (9% t o  29% grade). On the   nor th  

bank the  slopes  range from 5 degrees t o  11 degrees (9% t o  19% grade). These 

low t o  moderate  slopes are expected t o  be stable  except  for  surface  creep. 

The banks bordering  the flood pla in ,  where act ive  erosion  occurs,   are  steeper 

than  the  val ley  wal ls.  These banks are  suscept ib le   to   cav ing due to undercutt ing 

or scour  by  stream  action.  Rip  rap wi I l  be r e q u i r e d   t o   s t a b i l i z e  and p ro tec t  

the banks dur ing  per iods o f  maximum runo f f ,  The surface prof i  l e   a long  the  

proposed  highway center 1 ine i s  presented i n  Drawing A-4,  Appendix A.  

E.W*Brooker & Associates Ltd  



E-517  Page 4 

A t  the  crossing,  t ree  cover  consists  pr imari ly o f  t h i c k  spruce, some o f  which 

are 40 t o  50 fee t   in   he igh t .   Loca l l y ,   there   a re  a few b i r c h  and i n   t h e   f l o o d  

p l a i n  a few small aspen  have  grown. 

3.2 Subsurface  Conditions 

Based on  observations  from  the boreholes, i n fe r red   s t ra t i g raph ic   sec t i ons  

have been compiled and are  presented as Drawings No. 14-4 and A-5, Appendix A. 

The genera l ized  center   l ine  s t ra t igraphy  noted a t  t h e   s i t e   i s  summarized i n  

the  fo l lowing  subsect ions.  

3.2.1 * 

PEAT 

GRAVEL 

CLAY 

I" S t r a t i  F W L L  - of L - North L I - V a l l e y  - - c Wall - 3 

Material  Descript ion  Approximate Average 
Depth Below Ex is t i ng  

Grade (ft) 

dark brown, s i l t y ,  NB O - 1.5 
(Borehole  6324-5  only) 

sandy t o   s i l t y ,  medium grained O - 3.5 
gravel ,  NF, moisture  content 
(m/c)=5% t o  10% 
(Boreholes 632-S-2 and 
632-S-3 on1 y) 

l i g h t  brown to  grey  below 7 ' ,  3.5 - 18.3 
s i l t y   w i t h  some sand t o  s i l t y  
sand layers, NB t o  V-7%,  (rn/c)=28% 
t o  36% 
(Boreholes  6325-1, 632-S-2 
and 632-S-3 only) 

CLAY TO genera l l y   c lay  till becoming O - Depth 
SILT a s i l t  till with  depth,  grey, of Penetrat ion 
(TILL)  gravel ly  to  cobbly,   low 

p l a s t i c i t y ,  V-7% t o  NB, some 
unfrozen  mater ia l ,  (m/c)=IO% 
t o  20%, loca 1 1 y t o  32% 
(A l  1 boreholes) 

Approximate 
Range o f  

Thickness (ft) 

O - 1.5 

0 - 4  

O - 18 

Not Establ ished 

E M  Brooker & Associates Ltd. 



CLAY non-gravel  ly, 51 1 ty,  V-trace, 49 - Depth Not  Establi  shed 
(m/c)=l5% to 20% of Penet ra t ion 
(Borehoie 6 3 2 5 - 2  only) 

The  following  additional  information,  which may influence  design  or  construction 
decisions,  was  also  obtained during the  investigation at the  subject site: 

1. The  maximum  depth o f  borehole  penetration  was 86 feet. 

2. Unfrozen  material was found in Borehole  632-C-4, 
extending  from 10 feet to the  bottom o f  the  hole 
(18 feet); in Borehole  632-S-1,  extending  from 10 
feet  to  the  bottom of the  hole (38 feet); in 
Borehole 632-S-2, extending  from 25 feet to 49 feet, 
and in Borehole 632-S-6 (center of creek) , extsndi ng 
t o  the depth o f  penetration (9  feet) 

3.2.2 

SILT 

CLAY 

SAND 

3. A potential  source of seepage was found in Borehole 
632-S-1 where a s i  1 ty sand layer  was  encountered at 
a depth o f  10 feet,  which i s  the top of the  unfrozen 
materia 1 .  

Material  Description  Approximate  Average  Approximate 
Depth  Below  Existing  Range of 

Grade (ft) Thickness (ft) 

light brown,  clayey,  trace of ,O - 3 3 
gravel, (m/c)=18%, NB 
(Borehole 632-S-11 only) 

light brown to grey,  silty, O - 23.5 7 - 30+ 
low  plastic,  local traces o f  
sand and gravel, NB t o  V- IO%,  
(m/c)=25% t o  45% 

light brown to grey,  poorly 16.0 - 33.t Min. 12 t o  13 
graded,  medium  grained  to 
gravelly, NF, (m/c)=8%,to 18% 
(Boreholes  632-s-7, 6 3 2 4 - 8  
and 6 3 2 4 - 9  only) 
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SILT clayey, some gravel, low 
(TILL) plasticity, light grey, NB, 

(m/c)=8% t o  18% 
(Borehole 632-S-7 only) 

20 - 39 

Page 6 

19 

CLAY grey,  silty, low  plasttctty, 39 - Depth o f  Not Establ i shed 
V - trace  to unf rozsn (m/c)= Penst ra t ton 
8% to 24% 
(Borehole 632-S-7 only) 

The 
dec 

IV. 

4 .1  

The 

following  additional  informatton,  which may influence  design  or  constructton 
isions, was also  obtained during the  field  investigation: 

1. The maximum depth  of  borehole  penetration  was 85 feet. 

2. Unfrozen materia 1 was  found in Borehole 632-S-7, 
extending from 50 feet to 68 feet, and partially 
frozen  material  extended  from 68 feet  to  the  bottom 
of the hole (85 feet).  Borehole 632-S-11 revealed 
partially frozen  material  from 13 feet  to the bottom 
of  the hole (28 feet).  Borehole 632-S-12, similarly 
revealed parttally frozen  material  from 14 feet  .to 
the bottom  of  the  hole (30 f e e t ) .  

3 .  High ice content  matertal  was  found tn Borehole 632-5-10, 
where 40%-50% visual excess tce  was  recorded at depths 
o f  10 to 1 1  feet  from  the  surface. 

CONCLUS I ONS AND RECOMMENDAT1 ONS 

Foundation  Types 

following  foundation  types are belteved  to  be  feasible  for a bridge 
.structure at the  subject  site. A t  present,  preference has not  been given 

t o  one  of  the  suggested  systems, as final selectton  of a foundation system 
should be determined in conjunction with economic and structural  design 
considerations. 

1. Driven  Steel HcPi les 
2. Closed End Pipe  Ptles  drtven in pre-bored  holes 
3. Timber Piles driven in pre-bored  holes 

E.W.6rooker & Associates Ltd. 
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4.2 Foundation  Design 

The major  factor  af fect ing  the  design o f  p i l e  foundations a t  Bosworth  Creek 

i s  the  noted  occurrence o f  i r r egu la r l y   d i s t r i bu ted   un f rozen  zones w i t h i n   t h e  

subsoil.  Generally  the  near  surface  subsoils  are  frozen  adjacent t o  the  creek, 

where br idge abutments will most l i k e l y  be founded. However, an unfrozen 

zone was noted a t  greater  depth  in one of  the  boreholes  (Borehole No. 6 3 2 4 - 7 )  
near a poten t ia l   b r idge abutment l oca t i on  on the  south  creek bank, and unfrozen 

zones  were detect'ed  beneath the r i v e r   f l o o d   p l a i n  and in   severa l   o ther  

boreholes on both  sides  of  the  creek.  Unfrozen  material was encountered i n  

seven o f   t he   t h i r t een   bo reho les   d r i l l ed   e t   t he   c ross ing   s i t e .  

As there does not appear, t o  be a d e f i n i t e   p r e d i c t a b l e   d i s t r i b u t i o n   o f   f r o z e n  

and unfrozen  subsoil, i t  i s  believed  necessary  that  the  design of p i l e  systems 

be ca r r i ed   ou t  assuming thawing of frozen s o i l  may occur  and/or  unfrozen s o i l  

present ly   ex is ts .  Consequently, a l lowab le   p i le   bear ing   capac i t ies  must be 

determined on the  basis of ava i l ab le  end bearing  support,  and/or  available 

sk in   f r i c t ion   suppor t   o f   ex is t ing   subso i l   mater ia l   in   the   un f rozen state .  

The ex is tence  o f   f rozen zones i s  cons ide red   j us t i f i ca t i on   t o   p rec lude   t he  use 

of  dynamic p i l e  formulae as  a r a t i o n a l  approach t o  the  determination of p i l e  

capaci t ies.  However, placement o f   p i l e s   t h r o u g h   p i l e   d r  

l i k e l y  be the most expedient. 

Because o f  a lack of data ,   w i th   respec t   to  soil strength 

iving  techniques will 

i c a l  

and depth   to  a 

bearing  surface, p i l e  designs  presented  herein  are  largely based on  empir 

data, and must be considered,  only  prel iminary  in  nature.   Conf i rmat ion 

o f  the design  parameters  presented  herein  through  addit ional  f ield  and/or 

laboratory  test ing  is   considered  necessary.  

The  recommended foundat ion  types  l is ted  in  Subsect ion 3 .1 ,  may be designed i n  

accordance with  the  fo l lowing  prel iminary  design  parameters.  However, i t  i s  

stressed  that   the  fo l lowing recommendations are  presented  without any  knowledge 

of  proposed  highway  grades,  geornetrics, or   br idge  des ign,   a t   the proposed 

cross ing  s i te .  Consequently the recommendations presented may requi re 

reconsideration when these  factors ,become known. 

E"! Brooker & Associates Ltd. 
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4.2.1 "I" End Bear is- p i l e z  

It i s  considered  that   the  on ly   pos i t ive method of  foundation  support,  that will 
permit   re lat ively  h igh  loads  wi thout  excessive  set t lements,   at   the  Bosworth 

Creek c ross ing ,   i s  an end bear ing   p i l e  system, achieving  support on. bedrock 

ex i s t  i ng benea 

depth of d r i  1 1  

t 

Based on a rev i 

penetrat ion was 

ew of  bedrock e 

86 feet ,   wi th  bedrock  not  being 

levet ions,   noted  wi th in  some bor ings   in   the  

Norman Wells  area; i t  is  bel   iaved  that   shale  bedrock may be expected t o  be 
encountered a t  a depth o f  about 130 to 140 feet,  below e x i s t i n g  grade a t   t he  

approximate  abutment  locations o f  the proposed bridge  crossing. A t  t h i s  depth, 

support i s   read i l y   a t ta inab le   t h rough   the  use o f   s t e e l   p i l i n g .  I t  i s  recommended 

that   cons iderat ion be given t o  the use of end bear ing  p i les  for   br idge 

foundation  support. However, determination  of  bedrock  depth and p r o p e r t i e s   a t  

the  locat ions o f  br idge abutments and p i e r s   i s  a necessary  prerequis i te to  the 

determination o f  a f i na l   des ign   p i l e   capac i t y .  I t  i s   b e l i e v e d   t h a t   t h i s  

could be readi ly  achieved  through  the use o f  d r i l l i n g  equipment a v a i l a b l e  

l o c a l l y   i n   t h e  Norman Wells  area. 

For preliminary  design  purposes, it i s  believed  that  consideration  should 

be g i ven   t o   t he  use of  closed end p i p a   p i l e s   t o   p r o v i d e  end bearing  support 

i n  bedrock. I t  i s  recommended t h a t   p i l e s   w i t h  a minimum nominal  diameter of 
12 inches and a minimum weight   o f  65 pounds per   foot  be used. Although  the 

des ign   leng th   o f   the   p i les  has t o  be confi.rmed  on the   bas is   o f   add i t iona l  

f i e l d   d r i l l i n g ,  i t  i s  bel ieved  that  a p i l e   l e n g t h   o f  about 140 t o  150 feet 

should be considered  for   prel iminary  design and estimating  purposes. 

I n s t a l l a t i o n   o f   p i p e   p i l e s  will require  the use o f   b o t h   d r i l l i n g  and p i l e  

d r i v i n g  equipment. It i s  recommended t h a t   t h e   p i l e s  be insta l led  in   pre-bored 

holes  having a diameter of about 958 o f   t he   p i l e   d iamete r   t o   pe rm i t  a snug 

f i t .  The p i le   ho les  should be prebored a t   l e a s t  5 t o  10 feet   in to   the  bedrock 

and the  p i les  should be d r i ven   t o   a t   l eas t   t he   f u l l   p rebo red   dep th .  A minimum 

d r i v i n g  energy o f  24,000 f o o t  pounds i s  recommended. Steel   H-pi les  are 

p resent ly   be l ieved  to  be less   feas ib le  as preboring would r e s u l t   i n  105s of 

EM! Brooker & Associates Ltd. 
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1 support and 
igh resistance 

installation  without  preboring is anticipated  to  meet 
. Conf Irma 

through  the driving of  test H-p 

A preliminary  design load capac 
foregoing  recommended  pipe  pile 

t 
i 

i 

ion  of this however,  could be  achieved 
les. 

ty o f  about 170 kips may be used for the 
section, if the  piles  can  be  driven t o  

'refusal' in bedrock. It is considered  that'refusal'will  constitute a 
penetration of less than 0.1 inch  per  blow,  measured  over  the last foot of 

driving with  the  recommended  pile driving energy. I t  is recommended t h a t  
pile driving records be  kept  far all piles, for imnediate  review by the 
geotechnical  consultant. A pile  load  test is also recommended  prior  to,  or at 
the  outset of, pile  installation  to  confirm  the  load  capacity o f  the  piles and 

permit a correlation  to the driving records. 

4.2.2 Friction Pi les 
"""" 

Based  on available  geotechnical  information at the  Bosworth  Creek  crossing, it 
is  believed that a significant  probability  exists  for  the  successful  installation 
of piles at the  site,  achieving  their  load  carrying  capacity primarily through 
skin friction  between  pile and embedding  soil.  However,  the  present  lack of 
specific  information  with  respect  to  the  strength  of  the inritu soils in an 
unfrozen  condition,  permits  only a preliminary  estimate o f  the  load carrying 
capacity o f  friction  pile  types. 

Confirmation of the  suitability  of  friction  piles,  presentation of more  detailed 
pile designs, and more  precise  estimates of pile  capacities can only be made if 
detailed  geotechnical  information  of  subsurface  deposits is obtained at the  site. 
It is believed that this  information  could be readily  obtained  through  the  use 
of drilling equipment  locally  available in Norman  Wells. 

Alternatively,  the  following  prel iminary pile  design  parameters may be  used' 
for  preliminary  design and estimating  purposes,  with  the final design  to  be 
confirmed  on  the  basis  of field installation  records and load testing. 

E,W Brooker & Associates Ltd. 
.. . . . . ." .. . . . . . . . . . 
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a .  Driven  Steel H- Pi les  

As a guide to   the  estab l ishment   o f  a p r e l i m i n a r y   p i l e  

design, it i s  recommended that  standard  H-piles 60 feet 

i n   l e n g t h  (below ex is t ing   g rade) ,   w i th  a minimum nominal 

s ize  of  12 inches by 12 inches, and a minimum weight   o f  

53 pounds per  foot (CBP124),  be considered  for  

prel iminary  design purposes. I t  i s  bel ieved  that   the 

suggested p i l e   s e c t i o n  can be dr iven,   wi th  an energy 

o f  24,000 foo t  pounds t o  the f u l l   l e n g t h  o f  t h e   p i l e .  

i t  i s  be l i eved   t ha t   p i l es   d r i ven   t o  these  specif icat ions 

will permit an a l lowable  s ta t ic   des ign  load  o f  65 k ips 

to be used. Although  preboring i s  not  considered 

necessary f o r   t h e   i n s t a l l a t i o n  o f  steel  H-piles  through 

frozen ground, a t  t h i s   s i t e ,  i t  may  be des i rab le   i n  

very  hard  seasonally  frozen  ground and th ick  granular  

f i l l s  t o  ensure  the  alignment of t he   d r i ven   p i l e  

section.  This will be p a r t i c u l a r l y   t r u e  i f  very  long 

sect  ions  are  to be dr iven. 

It is   essent ia l   tha t   the  embankment fill be placed t o  

f i n a l  grade,  before  the  pi les  are  driven or pre-bored, 

i n   o rde r   t o   p reven t  damage to the p i l e  and t o  ensure 

proper compaction o f  the fill, which will limit negative 

s k i n   f r i c t i o n   l o a d s  on the   p i l e .  On site inspection and 

supervision of  t he   d r i v ing  o f  t e s t   p i l e s   o r   t h e   i n i t i a l  

p i l es   o f   t he   f ounda t ion  system i s  Considered absolutely 

necessary in   order   to   estab l ish  the  f ina l   des ign  bear ing 

capqcity. It i s  also considered  essential  that a p i l e  

- d r i v ing   record  be maintained  for  a l l  p i l e s .  The d r i v i n g  

record of  a l  1 pi les  should'be  reviewed as i s   p r a c t i c a l ,  

by the  geotechnical  consultant,  to  ensure  the  design 

i n ten t i on  has been real ized. 

I 
" . 

E.WBrooker & Associates 
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b. Prebored  Driven  Closed End Steel   Pipe  Pi les 

S tee l   p ipe   p i les ,   ins ta l led   in   p rebored holes,may be 
used for  foundat ion  support .  The prebored  hole  size 

should be 85 t o  90 percent o f  the   ou ts ide   p i   le   d iameter  

t o  ensure a 'snug' f i t ,  and should  extend  the f u l l  

length  o f   the  in tended  p i le   penetrat ion.  It i s   e s s e n t i a l  

t ha t   t he  fill be placed t o  f i n a l  grade  before  the  pi les 

are dr i ven  or pre-bored i n  order to   prevent  damage t o  

the p l  le and ensure  proper  compaction o f   t h e  f i  11, which 

will limit negat ive   sk in   f r i c t ion   loads  on t h e   p i l e .  

For  prel iminary  design purposes, i t  i s  recomnended tha t  

closed end p i p e   p i l e s  wlth a minimum length o f  60 f e e t  

(below exis t ing  grade) ,  a minimum nominal  diameter o f  

10 inches, and a minimum weight o f  40 pounds per   foo t  

be considered. It i s  bel teved  that   the suggested p i l e  

section  can be dr iven ,   w i th  an  energy of  24,000 foot 

pounds t o   t h e   f u l l   l e n g t h   o f   t h e   p i   l e .  It is   be l   ieved 

t h a t   p i l e s   d r i v e n  t o  these  spec i f icat ions will permit 

an  a l lowable s t a t i c  design load o f  50 k i p s   t o  be used. 

Dr i ven   p i l es  must pene t ra te   t o   a t   l eas t   t he   f u l l   p re -bo red  

depth. As for   s tee l   H-p i les,   inspect ion o f  t he   d r l v ing  

of  t e s t   p i l e s ,   o r   t h e   f i r s t  few p i l e s  of the  foundation 

system, i s  considered  absolutely  necessary  to  confirm 

or alter  the  design  bear ing  capaci ty  recomended  herein.  

A p i l e   d r i v i n g   r e c o r d  must be k e p t   f o r   a l l   p i l e s   f o r  

imnediate  review by the  geotechnical  consultant. 

EM! Brooker & Associates Ltd. 

W. 
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c .  Pre-bored  Driven Timber P i l e s  

For prel iminary  design purposes, it i s  recomnended tha t  

No. 12 Douglas F i r  t imber   p i les ,   w i th  a minimum length 

of 60 feet   (below  exist ing  grade),  be considered for 

foundation  support. The p i les  should be pressure 

t reated  wi th   creosote and should have a minimum creosote 

r e t e n t i o n  of  12 pounds per  cubic  foot .  

It i s   essen t ia l   t ha t   t he  fill be placed t o   f i n a l  grade 

be fore   the   p i les  are dr iven  or   pre-bored  to   prevent  damage 

t o  t h e   p i l e  and t o  ensure  proper  compaction of  the fill, 

which will limit negat ive   sk in   f r i c t ion   loads  on t h e   p i l e .  

Prebored  holes  should have a maximum diameter   equiva lent   to  

t h e   p i l e   t i p  diameter t o   p e r m i t  a snug f i t, and should 

extend for  t h e   f u l l   d e p t h  o f  an t i c ipa ted   p i l e   pene t ra t i on .  

I f  excessive  dr iv ing  resistance  is  encountered,  overbor ing 

of  approximately  the  upper  half   section of the  hole may be 

requi red.   Deta i ls  of the overbore  should be determined i n  

t h e   f i e l d ,  on the  basis o f  dr iv ing  records  obtained  f rom 

t e s t   p i l e s .  

If the suggested p i l e   s e c t i o n  can be dr iven ,   w i th  an  energy 

, o f  24,000 f o o t  pounds, i t  i s  bel ieved  that  an a l  lowable 

s tat ic   des ign  load o f  35 k i p s  may be used. P i  l es  must 

pene t ra te   t o   a t   l eas t   t he   f u l l   p rebo red   dep th .  

F ie ld   inspect ion  by  qual i f ied  personnel   is   cons idered 

necessary  during  the  preboring and d r i v i n g  o f  t e s t   p i l e s  

or t h e   f i r s t  few f o u n d a t i o n   p i l e s ,   t o   e s t a b l i s h   o r   a l t e r  

the  prel iminary  design  capaci ty and method o f  i n s t a l l a t i o n  

recommended herein. A dr iv ing  record  should be kept, for 

a l l   p i l es   i ns ta l l ed ,   f o r   imnad ia te   rev iew  by the 

geotechnical  consulant. 

E,W Brooker & Associates Ltd. 
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4.3 Negat ive  Sk in  Fr ic t ion 

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

will be dependent upon the  occurrence and magnitude o f  thaw se t t lement   w i th in  

both the f i l l  surrounding  the  p i les and the  natural  subgrade mate r ia l .  A t  

the sub jec t   c ross ing   s i te , i t   i s   cons idered  tha t   a l l  subgrade materials,  which 

are  not  presently  unfrozen,  are thaw unstable and s i g n i f i c a n t  subsidence  can 

be expected on thawing.  Consequent ly,   s ignf icant  negat ive  skin  f r ic t ion 

ef fects  can be an t ic ipa ted   in   these  mater ia ls  i f  thawing is   a l lowed.   Substant ia l  

n e g a t i v e   s k i n   f r i c t i o n   e f f e c t s  will also be mob i l i zed   in  any  road  grade fill 
surrounding  pi les,  i f  l o s s   o f  subgrade support  occurs. 

It i s  ex t remely   d i f f i cu l t   to   accura te ly   p red ic t   the   an t ic ipa ted   to ta l   magn i tude 

o f  n e g a t i v e   s k i n   f r i c t i o n  loads, on  any p i l e   o r   p i l e  group  that may be 

i ns ta l l ed   a t   t he   sub jec t   s i t e .   Nega t i ve   sk in   f r i c t i on   deve lops  due t o   t h e  

downdrag e f f e c t   o f   t h e   s o i l  around t h e   p i l e  as  i t  thaws and consolidatas. A t  

p o t e n t i a l  abutment locat  ions, i t  i s  bel  ieved  that  about 10 f ee t  o f  near surface 

na tu ra l   so i l  may thaw as- a r e s u l t  of const ruct ion and could con t r i bu te  t o  

n e g a t i v e   s k i n   f r i c t i o n   e f f e c t s  on thawing.  Table 4 .3 .1  presents  representative 

va lues   f o r   t he   nega t i ve   sk in   f r i c t i on   i n   t yp i ca l   so i l s  (4) .  

A t  the  Bosworth Creek s i t e   t he   t h i ckness   o f  fill will s i g n i f i c a n t l y   e f f e c t   t h e  

depth and r a t e   o f  thaw wherever t h e   s o i l  i s  present ly  f rozen. I f  s i g n i f i c a n t  

amounts o f  f rozen  mater ia l  degrades then  settlements o f  1 to 3 fee t   a re  

poss ib le ,   w i th in  approach f i  I l s  t o  the proposed  crossing.  Sub-ghde  settlements 

will be maximum i f  cons t ruc t i on   occu rs   i n   l a te  summer and minimum f o r   l a t e  

winter construct ion.  

4.4 Frost  Heave o f   P i l e s  

Frost   heaving  o f   p i les can  occur as the  act ive  layer   f reezes each w in te r .  

Dur ing  the  cold  winter months the  surface  soi ls  f reeze and bond t o   t h e   p i l e .  

E.WBmoker & Associates Ltd. 
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TABLE 4.3.1 

NEGATIVE S K I N  FRICTION OF UNFROZEN SOIL FOR P I L E '  DESIGN 

Lundgren And Assoc tates, 1971) (4) (Af ter Woodward 

Descr ip t ton   o f  Soi 

Clean sands and gravels w 
s i l t  or c lay.   Typica l ly :  

1 Categories 

i t h   l i t t l e   o r  no 
GW, GP, SW, S P  

S i  I t y  or ctayey sand and gravel m txtures 
wi th  considerable amounts o f  s i l t  and clay.  
Typtca l ly :  GM, SM, GC, SC,  SF 

Moderate ly   p last ic  t o  h i g h l y   p l a s t t c  
inorganic  c lays.   Typical ly:  CL, CH 

Non-p 
s t   I t s  

Organ 

l a s t i c  t o  s l i gh t l y   p las t t c   i no rgan ic  
and lean  clays.  Typical ly: ML, MH 

i c   s i l t s  and c lays.   Typica l ly :  OL, OH 

Design  Negative  Skin  Frict ion 

pS 
= 30d (X2 + 2HX)* 

700 PSF 

800 PSF 

350 PSF 

150 PSF 

* Load developed on tha t   por t ion  of a p t l e  embedded I n  a granular  stratum. 

Ps = Load developed,  lbs. 

d - Dlameter o f  p t l e ,  f t. 

H - Depth of  overburden t o   t o p  of granular  stratum, f t .  

X = Length o f   p i l e  embedded i n  granular  stratum, f t .  I 
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In so i l s   con ta in ing  s i l t  and clay,   th is  shal low  surface  adfreeze  exerts a 

heaving  force on the   p i le   wh ich  must be res is ted by the  load on t h e   p i l e ,  

the  avai lab le  adf reeze bond in  the  permafrost ,   and/or  the  skin  f r ic t ion o f  the 

so i l s   wh ich   a re   un f rozen  o r  have consolidated  during  the summer. 

The des ign   o f  a p i   l e   i n   p e r m a f r o s t   i s   c o n t r o l l e d  by the embedment requ i red   t o  

support  the  appl  ied  load. However, i t  i s  necessary t o  check the   des ign   to  

ensure a fac to r   o f   sa fe ty   aga ins t  seasonal frost-heaving.  In  general i t  has 

been found  that a s l i g h t l y  deeper p i l e  embedment i s  the most feas ib le  means of 

resist ing  undesirable  f rost   heaving  stresses. Suggested design  stresses  for 

general   permafrost   soi ls  are  presented  in  Table 4.4.1 ( 4 ) .  

4.5 Subgrade Considerations on Center  Line 

4.5.1 North Val l e y  Wall and Creek Bank 
""" """""" 

As lndicated  in  Subsect ion 3 .3 .1 ,  the  northern banks and upper  slopes a t  

Bosworth  Creek a r e   p r i m a r i l y  a c l a y   t o  s i l t  till over l y ing  a considerable 

th ickness   o f   c lay   a t   depth .   Loca l l y ,  an abandoned channel  exisis,  which 

paral lels  the  present  channel,  approximately 450 f e e t   t o   t h e   n o r t h .  A t h i n  

layer o f  gravel   over l ies  approximately 15 f e e t  o f  c l a y   i n  t h i s  abandoned 

channel.  Estimates  of  the  visual excess Ice were typ ica l l y   lower  than 10% 

except in  seasonal ly  f rozen near sur face  mater ia l .  

Although  no  shear  strength  data  for thawed or f r o z e n   s o i l   a t   t h e   s i t e   i s  

ava i lab le ,   qua l i ta t i ve   eva lua t ion  of the shear s t rength   o f   the   var ious   s t ra ta  

can be made from visual   observat ions,   ice  content  est imates,   moisture  content 

p r o f i l e s  and c l a s s i f i c a t i o n   t e s t   r e s u l t s .  Based on these  factors, i t  i s  

conc luded  tha t   re la t i ve ly  low  shear strengths can be expected f o r   t h e  till. 
The c l a y   i n   t h e  abandoned channel will probably have a very low  shear strength 

and may  become unstable i f  allowed t o  thaw quickly.  General ly below a depth 

of 15 t o  20 feet ,   the  natural   moisture  content  is   lower and t h e   s o i l  possesses 

greater shear strength. 

E.W.Brooker & Associates Ltd. 
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TABLE 4.4.1 

I R  
I 
I 

, I  
I 

' I  

FROZEN SOIL ADFREEZE BOND STRENGTH FOR P I L E  DESIGN 

(After Woodward Lundgren And Associates, 1971) (4) 

Des i gn Ca tegory   App l i cab le   C r i t e r i a  Design Adfreeze Bond 
Stress f o r  F r  s t  
Heaving Soi 1 s P 

Segregated  Ice  Water  Content ( P W  
Cbnd i t  ion o f  S o i l ,  (%) ! I  

I 
I 
1 
I 
I 
1 
I 
1 
I 
I 
I 

I 

' A p p l i e s   o n l y   f o r   s o i l s   c o n t a i n i n g  5% or more of  s i l t  or c l a y   s i z e   p a r t i c l e s .  

E.WBrooker & Associates Ltd. 

I - above  average No , v is ib le   i ce ,  15 5000 
so i  1- i c e  '<l% 15 ,-. 40 4000 
cond i t t on 

I I  - average s o i l - i c e  L i t t l e   v i s i b l e  ice,  15 4000 
cond i t ion  1 - 10% 15 - 40 2 O00 

I I I - be low average  Occasional  15 2000 
s o i l - i c e   v i s i b l e   , i c e ,  15 - 40 1500 
c o n d i t i o n  1 1  - 20% 

I V  - poor soil-ice Some v i s i b l e  ice,  40 1350 
cond i ti  on 21 - 35% 15 - 40 1350 

V - very  poor s o i l -  Cons i derabl e 40 900 
i c e   c o n d i t i o n  v i s  t b l e  ice,  Any 700 

5 3 5 %  
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4.5.2 South  Val ley  Wal l  and  Creek Bank 
""" """IC"" 

The sur face  s t ra tum o f  the  southern bank of Bosworth  Creek  on  center l l n e   i s  

charac ter ized   by   h igh   mo is tu re   con ten t ,   low  to   modera te   i ce   con ten t ,   a l luv ia l  

c lay .  The c l a y  i s  expected t o  have a low  shear  strength if i t  i s   a l l o w e d   t o  

thaw.   Under ly ing  the  c lay,  between approximate  e levat ions 360 fee t  and 375 
f e e t   i s  a low  moisture  content,   general ly  poor ly  graded, sand stratum. The 

sand i s  expected t o  have a moderate t o  h igh   shear   s t reng th   and   i s   l i ke l y  t o  

be the  most s tab le   s t ra tum a t  the  Bosworth  Creek  si te. 

4.5.3 F lood   P la in  Area 
""-1"- 

The r i v e r   f l o o d   p l a i n  and i t s  re1 a t i o n s h i p  t o . the   p resent  creek  can be  seen i n  
P la tes  No, 1 and No. 2, Drawing No, A - 3 ,  Appendix A.  Borehole 632-s-6, which 

was d r i l l e d   a p p r o x i m a t e l y   i n   t h e   c e n t e r   o f   t h e  flood plain,was  unable t o  

penet ra te  more than 9 f e e t  because of f ree  water  f lowing  through  the  creek bed 

grave l ,   wh ich   resu l ted   in   s lough ing   cond i t ions   w i th in   the   boreho le .  

The maximum v e r t i c a l  and h o r i z o n t a l   e x t e n t   o f   t h e   c r e e k  bed grave l   cou ld   no t  

be ascer ta ined.  However, i t  i s   b e l i e v e d   t h a t   t h e   g r a v e l   u n d e r l i e s   t h e   e n t i r e  

f l o o d   p l a i n  and may grade i n to  the sand st ratum  located  in   the  south bank 

and v a l l e y   w a l l .  The presence  of   the  gravel   indicates  that   h igh  stream 

v e l o c i t l e s ,   a t  peak r u n o f f ,  may cause s i g n i f i c a n t  scour and eros ion.  

The s ign i f i can t   f ea tu re   revea led 'by   Bo reho le  632-S-6 was the  presence of f ree  

wa te r   w i th in   t he   g rave l .  I t  i s   p r o b a b l e   t h a t   t h i s   w a t e r  will be f l o w i n g   i n  

the  subsurface  gravel  a l l  win te r  and there fore ,  i t  may c o n t r i b u t e   t o  a p o t e n t i a l  

i c i ng   p rob lem  fo r   w in te r   cons t ruc t i on  and maintenance. 

E.W Brooker & Associates Ltd. 
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4.6 Sett lements and Required F i l l  Thickness 

A l a c k   o f   d e t a i l e d   i n f o r m a t i o n   w i t h   r e g a r d   t o   i c e   c a n t e n t s ,  and a need f o r  

soph is t i ca ted   t es t i ng  and d e t a i l e d  computer  analyses, make it imposs ib le   to  

a c c u r a t e l y   p r e d i c t  thaw  set t lement   o f  fill, on  f rozen  mater ia ls   w i th  excess 
i ce   con ten ts .   There fore ,   on ly   qua l i ta t i ve   es t imates   o f  thaw  settlement  can be 

made a t   t h i s   t i m e .  Based on  v isual   est imates  o f   excess  ice  content ,  i t  i s  

b e l i e v e d   t h a t   t o t a l  thaw  sett lement o f  about 0.5 t o  1.0  f e e t  can be expected 

beneath f i l l s  p laced  dur ing  winter ,  where the   so i l s   a re   p resen t l y   f rozen .   Th i s  

est imate assumes p a r t i a l  thawing,  but does not  take  into  account  normal 

conso l ida t ion   se t t lement   o f   the   un f rozen  mater ia l  due to  the  surcharge  e f fects  

o f  the  road bed fill. I n  the  case of  pea t   so i l s ,  normal conso l i da t i on  

sett lement  can  easi ly  reach 50 p e r c e n t   o f   t h e   o r i g i n a l   t h i c k n e s s   o f   t h e   d e p o s i t ;  

and  can, as w i t h  thaw  settlement,  occur f a i r l y   r a p i d l y .  I f  a summer cons t ruc t i on  

program i s  ca r r i ed   ou t   se t t l emen ts  o f  up t o  3 ' f e e t   a r e   b e l i e v e d  possible. The 

h igher   set t lements  are due p r i m a r i l y   t o   t h e   r a p i d   c o n s o l i d a t i o n   o f   t h e   n a t u r a l l y  

thawed  subgrade. 

On the   bas i s   o f   t he   f o rgo ing   d i scuss ion ,  i t  i s  considered  that   the  convent ional  

n o r t h e r n   c o n s t r u c t i o n   p r a c t i c e   a f   p l a c i n g  f i l l  m a t e r i a l   d i r e c t l y  on the  organic  

subgrade i s  d e s i r a b l e   a t   t h i s   s i t e .  F i l l s  f a r   b r i d g e  approaches  should be 

const ructed  wi th   a l lowance  be ing made for the  occurrence o f  thaw  subsidence, i f  

s u f f i c i e n t   t h i c k n e s s  o f  f i l l  i s  no t   p laced  to   p reserve   the   f rozen  mater ia l .  

Allowance  for  expected  subsidence  can be made by e i t h e r   p r o v i d i n g   e x t r a  f i l l  t o  

compensate fo r   t he   an t i c ipa ted   se t t l emen t  or t o  upgrade  as  subsidence  occurs, 

or both. A th ickness of d ry ,   non-p las t ic   g ranu lar  f i l l  m a t e r i a l  of 6 fee t  i s  

cons idered  to  be the  minimum th ickness recommended f o r  road  grade  construct ion 

over  f rozen  subgrade  mater ia ls  at   Bosworth  Creek.  Local  f i n e  gra ined m a t e r i a l s  

such a s  s i l t s  and c lays   a re   no t   cons idered  su i tab le   fo r   abutment  of approach 

f i l l s .  The th ickness o f  road  grade  mater ia l   requi red  to   prevent   degradat ion of 

the  permafrost   can  only be p r e d i c t e d   a f t e r   d e t a i l e d   t h e o r e t i c a l   a n a l y s i s ,   w h i c h  

i s   c o n s i d e r e d   t o  be beyond the  scope o f   t h i s   i nves t i ga t i on .  I t  i s  recommended 

t h a t  f i l l  placement  should be c a r r i e d   o u t   d u r i n g   t h e   l a t e   w i n t e r   p e r i o d   t o  

minimize  thermal  disturbance, and possible de t r imen ta l   d i s tu rbance   t o   t he   ex i s t i ng  

ground  cover  and  slopes  occasioned  by  the  construction  equipment. Snow c l e a r i n g  i 
should be c a r r i e d   o u t   p r i o r   t o   a l  1 f i l  1 placement.  Placement o f  the  f i  1 1  

E.W. Brooker & Associates Ltd. 
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should be car r ied   ou t   th rough end  dumping w i t h  subsequent  spreading  by  dozing 

equipment. A minimum i n i t i a l  l i f t  th ickness of 2 feet  is  suggested.  Depending 

on  construction  completion  schedules,  placement o f  f i l l s  may be  staged for 

several seasons o r   c a r r i e d   t o   c o m p l e t i o n  a5 const ruct ion  progresses.  

4.7 S l o w   S t a b i l i t y   C o n s i d e r a t i o n s  

No e v i d e n c e   o f   r e c e n t   s l o p e   i n s t a b i l i t y  was detected on e i t h e r   v a l l e y   w a l l   n e a r  

t h e   s i t e  o f  t h e   r i v e r   c r o s s i n g .  As i nd ica ted   in   Subsec t ion  3 . 1 ,  t h e   v a l l e y  

wal ls  are  steepest  on  the  southern  s ide,  where they  range  from 5 degrees t o  

16 degrees. On the northern  s ide,   s lopes  range  f rom 5 degrees t o  1 1  degrees. 

Pre l   im inary  slope s t a b i  1 i t y   c a l c u l e t i o n s , u s i n g  assumed shear  strength  values 

for thawed m a t e r i a l s  and the  known slope  conf igurat ion,   revealed  adequate 

fac to rs   o f   sa fe ty   w i th   respec t   t o   s l i d ing .   Consequen t l y ,  i t  i s   cons ide red  

that  approaches  can be const ructed on both   s ides   o f   the   r i ver ,  on the  proposed 

a l ignment ,   in   compara t ive   sa fe ty   w i th   respec t  to s l o p e   s t a b i l i t y .  However, i t  

i s  recomended  that  excessive fill thicknesses be avoided  near   the  crest   o f   the 

slopes. In a d d i t i o n ,   c u t t i n g   o r   e x c a v a t i n g  o f  s lope  mater ia l  i s  not  recommended 

and desired  grades  should be achieved  solely  through  placement of  f i l l. 

Placement o f  fill d i r e c t l y  on under ly ing  organic   layers  should be c a r r i e d   o u t .  

Observations of vegetation  cover,  adjacent  to  the  channel  banks a t  the   c ross ing ,  

reveal   that  some slumping o f  channel  banks l i ke ly   occurs   under   the   in f luence 

of channel  erosion.  Consequently, it: i s  c o n s i d e r e d   t h a t   r i p - r a p   p r o t e c t i o n   o f  

the  ex is t ing  def ined  channel ,   upst ream and  downstream o f  the   b r idge  c ross ing ,  

may be n e c e s s a r y   t o   p r o t e c t   t h e   o v e r a l l   s t a b i l i t y   o f   t h e   c r o s s i n g   s i t e .   B r i d g e  

abutments  should be set as f a r  back  from  the  channel  banks as i s   p r a c t i c a b l e .  

F ine  gra ined f i l l s  should  not be used f o r  subgrade  construct ion on the flood 
p l a i n  a s  they may be eroded  during  t imes o f  peak r u n o f f .  

E M  Brooker & Associates Ltd. 
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4.8 Drainage  Considerations 

Approach f i l l s  will concentrate  runoff   water  on  s lope,  a long  the  upslope  s lde 

o f   t h e  f i l l s ,  there fore ,  i t  i s  cons idered  essent ia l   tha t   cons iderab le   e f fo r t  

and  care be g iven t o  min imiz ing   e ros ion  on the  slope p a r a l l e l   t a   t h e  f i l l .  

Every  e f for t   should be made to   p rese rve   t he   vege ta l -1   i n ing   o f   a l l   des igned  

water courses. Wherever th i s   i s   imposs ib le ,  coarse gravel   should be used as 

channel   l in ing.   Transverse  f low  breakers  should be prov ided  a t   f requent  

i n t e r v a l s   t o  reduce the r a t e  of runof f   a long  the  fill and thereby  reduce  the 

p o t e n t i a l   f o r  erosion by  running  water. However, ponding o f   water   ad jacent  

t o  f i l l s  should be discouraged  as ponded water will a c t  as a heat  source  for  

rap id   degradat ion   o f   permaf ros t .  I t will also tend. t o  reduce  the  shear  strength 

of   the  ad jacent   subgrade  so i  1 and  road grade f i l  1,  unless  the  road  grade i s  very  

granular.   Spacing  of   the  f low  breakers will become apparent i n   t h e   f i e l d  when 

dra inage Gourses and grad ien ts  become accura te ly   de f ined.  

Cu lver ts  may be requ i red  i f  any fill is   p laced  over   the   f lood   p la in ,  because of 

t h e   p o t e n t i a l   f o r   f l o o d i n g   i n   s p r i n g  and i c i n g  and f l o o d i n g   i n   t h e   w i n t e r .  

4.9 Cement Type and Corrosion  Considerations 

TWO r e p r e s e n t a t i v e   s o i l  samples  were tes ted  to determine  the i r   so lub le  su lphate 

concent ra t ion .   Pos i t i ve   so lub le   su lphate   concent ra t ions   o f  0.14% and 0.16% 
were  determined  from  the  tests. Based on these  resu l ts ,  i t  i s   b o n s i d e r d  that, 

Type I ,  Normal Por t land Cement will be adequate for a l l   c o n c r e t e   i n   c o n t a c t   w i t h  

the   subso i l .  A minimum 28 day  compressive  strength o f  3000 pounds per  square 

inch  i s  recommended for a l l   concre te   fo rming   foundat ion   e lements ,   Fur ther  

so lub le   su lphate   concent ra t ion   tes ts   a re  recommended. 

For   s tee l  p i p e  piles,  extending  above  grade or above  water  level ,   corrosion 

p r o t e c t i o n  may be achieved by p a i n t i n g  or encasement w i th   conc re te .   I n   t h i ' s  

case, the   p ro tec t ive   coa t ing   shou ld   ex tend to  a minimum d is tance of 2 feet  

E.W Brooker & Associates Ltd, 
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below  final grade or minimum anticipated low water 1-evel, whichever is deeper. 
In the case o f  the  pipe  piles,  protective  coating  should be provided  on  the 
interior o f  the  pipes  to  prevent  possible  corrosion. If practical,  this may 
also be achieved  through filling of  the  piles with concrete. 

4.10 Additional Studies 

In order to more accurately assess such  factors as insitu shear  strength,  thaw 
subsidence, and slope stability, it would  be desirable to obtain additional 
detailed  geotechnical  information at the  site.  Such items as acquisition of 
representative undisturbed samples of  the various s.011 types, a thorough  study 
o f  existing local slopes, refined field and laboratory tests to determine shear 
strength and thaw subsidence factors, and a refined  theoretical analysis of 
these factors, constitute the  additional  detailed  geotechnica 
is considered to be of value. 

1 information that 

In addition to the desirability of'obtaining further  detailed  geotechnical 
information, it is recommended that consideration be given  to establishment 
of a series of closely supervised and documented  pile driving and pile load 
tests.  Although  preferable,these  tests need  not be carried  out at actual 
bridge crossing  sites, but may be carried  out in areas and materials that 
would be representative of general foundation conditions at most of the 
proposed  bridge  sites.  Such  tests  would  provide valuable design data on which 
future designs of pile foundation systems could be established.' 

v.  LIMITATIONS 

The forgoing recommendations have  been  prepared  based  on our knowledge of , 

existing conditions at Bosworth  Creek and the proposed  highway crossing. 
This knowledge has been.  derived  from  visual,  physical  and  analytical 
considerations o f  existing soil and slope conditions, which were obtained 
from our  field  investigation. The findings and comments presented are believed 
to accurately reflect conditions as they are known to exist. 

EM! Brooker & Associates Ltd, 
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However, due to  the  general  nature of  the  study,  the  findings  cannot be 

considered  to be a canprehenslve assessment o f  slope and foundation  condttions 

a t  the  crossing. Should conditions be encountered  other  than  described  herein, 

the  geotechnical  consultant  should be contacted so tha t  recommendattons may 

be evaluated i n  1 ight of  new findings. 

Respectfully Submitted, 

EBA ENGINEERING CONSULTANTS LTD. 
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SUMMARY OF TEST RESULTS JOB No. E-5f  7 

T 1 DEPTH I NATURAL 
WATER 

CONTENT 

I Atterberg Limits 
MECHANICAL  ANALYSIS so1 L 

CLASSI FICATION 
(UNIFIED) 

WP 

% 

19.6 

20.5 

20.9 

- 
PI (M.I.T. CLASSIFICATION) 

% %CLAY  %SILT  %SAND  %GRAVEL 

REMARKS 

CL SO,. - 0.158% 

CL-ML 

632-S-3 23 

632-S-4 IO 

632-S-6 5 

632-s- 1 1  I 15 I 20.9 
I 

CL 

0.0 - 24.7 - 632-s-r 21 25 1 29 .O  Cl 

I I 
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