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A. INTRODUCTION 

The present report summarizes the results of sub- 

soil investigation  operations conducted in  connection 

with the proposed Whitesand creek bridge at mile 

459.6 on the Mackenzie Highway. 

This bridge site investigation was  undertaken as 

part  of the geotechnical investigation from  mile 

450 to 550 on the Mackenzie Highway for the Pepark- 

ment of Public Works, Government of canada. 

It was the intention of the present  investigation 

to determine the ver t ica l  sub-soil material sequence, 

physical and structural properties, permafrost 

conditions and ground water conditions which would 

be expected to influence the stability of the 

val ley  slopes and the design and constructian of 

the bridge foundation. 

The included conclusions and recommendations have 

been based upon exploratory and sample  acquisition 

operations conducted a t  a t o t a l  of 9 positions 

along the proposed bridge center line in the river 
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channel and slopes of the bridge approaches. 

In the formulation of conclusions and recommendations, 

the consistency and composition of the subsoil 

material between and in the proximity to the 

indiv idual  test boring positions has been assumed but 

hot ver i f ied .  

I 
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B. FIELD AND LABORATORY INVESTIGATION 

A total  of 9 test holes have been drilled within 

one mile o f . t h e  bridge s t r u c t u r e .  I n  addition to 

the 9 centerline tes thole  lags, 9 borrow t e s t  hole 

logs i n  the v i c i n i t y  of the bridge s i t e  have been 

included in the Appendix. Test holes along the 

centerline  were  drilled in depths varying from 11 

to 90 feet below the e x i s t i n g  site grades. Borrow 

t e s t  holes were g e n e r a l l y  advanced to the 15 foo t  

level. 

Test borings were drilled December 6, 8 and 12, 

1972, and January 9 and 1 2 ,  1973, by Kenting Big 

Indian  Drilling of Calgary, utilizing a Meyhew 1000 

and Heli d r i l l .  A i r  recovery methods were generally 

employed except  where  severe caving was encountered 

were utilized. The locations of the ind iv idua l  

t e s t  bor ings  were selected and located by Underwood 

McLellan & Associates Limited. The approximate t e s t  

boring locations are graphically illustrated on the 

accompanying  Mosaic and T e s t  Hole Location Plan. 

.I 
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All v a r i a t i o n s  of soil, permafrost  and groundwater 

cond i t ions  encountered du r ing  the t e s t  hole boring 

operations were noted and representative samples 

of the e x i s t i n g  subsoils were taken. The majority 

of the samples w e r e  disturbed having been o b t a i n e d  

by air recovery methods. Sampling was also under- ,  

t aken  with 2" and 3" O.D., split spoon sampling 

t ubes  and 3"  O.D. t h i n  walled Shelby tubes. In the 

laboratory materials obtained from the d r i l l i n g  

operations w e r e  subjected t o  s tandard  laboratory 

c l a s s i f i c a t i o n  procedures including particle size 

distribution and Atterberg  index  p rope r ty  deter- 

mination. Moisture  con ten t s  were obtained for all 

samples r e t u r n e d  t o  the laboratory. Wherever a 

s u f f i c i e n t  l eng th  of i n t a c t  sample was r e t a i n e d  i n  

the penetrometer tube, both w e t  and d r y  densit ies 

w e r e  obtained.  

Permafrost  samples were classified according to NRC 

technical memorandum No. 79 "Guide t o  the f i e l d  

description of permafrost." The excess ice content 
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in permafrost samples was  determined by visual 

inspection and by measured thicknesses of ice 

lenses. The excess ice c o n t e n t  was ob ta ined  by 

division of the ice t h i c k n e s s  by the total sample 

thickness. 

All soil samples were c l a s s i f i e d  according t o  the 

Unified Soi l  Classification system. 

All results of l a b o r a t o r y  and f i e ld  t e s t s  are 

summarized in the Appendix on the test hole logs.  

Test holes have been designated by mileage, type and 

number. Examples include 459C 80B, 459s 132A and 

459B 159B. The letter synibols and numbers indicate 

459 - indicates mileage 

B, C, and S - between mileage and test hole number 
indicates borrow, c e n t e r l i n e  or 

structure test holes, respectively. 

80, 132 and 159 - indicate t es t  hole numbers. 

A, and B - after test hole numbers i n d i c a t e  drilling 

performed by Meyhew 1000 or Heli drill, 

respectively. 
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T e s t  holes should be designated by a number 

followed by A or B. 

I 
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C. SITE AND SUBSOIL CONDITIONS 

The Whitesand bridge site i s  l oca t ed  at mile 

459.6 (chainage 880 $. 00) on t h e  Mackenzie 

Highway in t h e  Northwest T e r r i t o r i e s .  The 

Whitesand river flows i n t o  the Mackenzie 

River from the east having a drainage basin 

which extends to the Fraqklin mountains. 

This stream has  a typical sand-gravel bed 

which is presently in a s t a t e  of depositing 

f loodpla in  sediments at the en t rance  t o  t h e  

Mackenzie River. 

The Whitesand stream bed elevation is 280 

(DPW datum) with the estimated high water mark 

a t  elevation 306 as a r e s u l t  of ice jams 

along the Mackenzie River. The main valley 

of the Whitesand Creek is approximately 400 

fee.t wide,  and 50 feet deep. The main stream 

flow i n   r e c e n t  years has been against t h e  

north bank in a trench approximately 100 f e e t  

wide and 15 feet deep. 
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Two test holes 124A (879 4- 70) and 132A (881 3- 70) 

were d r i l l e d  at the  bottom of the main valley to 

depths of 40 and 90 feet, respectively.  Test hole 

124A disclosed alternating layers of sand and 

gravel to the  termination of the hole. These 

granular materials exhibited very low moisture 

contents and the  water table was indicated at 22 

f e e t  below exis t ing  grades which was approximately 

coincident with  the  stream  water level. 

Test hole 132A which was drilled to a depth of 

90 feet disclosed alternating sand and gravel  

layers ta a depth of approximately 70 f e e t  where 

a sandstone and shale bedrock was confirmed. The 

bedrock in the general area of the investigation is 

believed to consist of sedimentary deposits of inter- 

bedded shales siltstones and sandstones which were 

deposited dur ing  the Cretaceous Geologic age. 

Test hole 12424 d i d  not  disclose any permafrost but 

t e s t  hole 13224 ind ica ted  permafrost to a depth of 

approximately 30 feet where the water t ab l e  was 

encountered. Below the water table, the soil would 



be c l a s s i f i e d  as semi-frozen. 

Although the mud and   water   c i rcu la t ion  method was 

u t i l i zed ,   s lough ing  was ex tens ive  and "undisturbed" 

samples could not be retrieved. 

Test h o l e s  d r i l l e d  along the valley w a l l s  and near 

the uplands w i t h i n  approximately $ mile south  and 

nor th  of the proposed br idge  s i t e  disclosed granular 

sand and gravel deposits which were previously 

deposi ted by the Whitesand stream when i t  flowed 

at h ighe r  elevations. It  may also be concluded 

from the tes t  holes drilled t h a t  the s t ream banks 

and upland c o n s i s t   p r i m a r i l y  of  permafrost. The 

major i ty  of the granu la r  materials exhibi t  very low 

moisture con ten t s  although these materials are 

frozen. 

The gravel samples which were obta ined   dur ing  

d r i l l i n g  operations ind ica ted  approximately 50% 

m a t e r i a l  coarser than t h e  # LO s ieve ,  but  t h e s e  

samples  which were subjected t o  crushing  during 

drilling would e x h i b i t  a t r u e  gravel size con ten t  
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higher than recorded. 

Exception to the dry granular materials 

was indicated in test hole 123A (885 + 00) 
which has a surface deposit of 16 feet of high 

moisture content  silt and clay with excess 

ice contents of approximately 5%. The dry 

density of the silt c lay  varied from 88.7 to 

92 lb/cu.ft. The materials below the 16 foot 

level i n  test hole 123A consigted of dry  sand 

w i t h  some boulders and was further underlain 

by a f i r m  c lay  till of st i f f  consistency. 

A Soil Profile of the bridge valley s i te  is 

included i n  the Appendix on Plate 2 .  
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D. CONCLUSIONS AND RECOMMENDATIONS 

On the basis of the present investigations we wish 

to  offer the following generalized  conclusions and 

recommendations  relative  to the design and construct- 

ion of the proposed Whitesand Creek bridge found- 

ations and approaches. 

1. Pier and abutment  foundation, 

A foot ing  foundation for the  abutments and piers 

will be founded i n  the gravel and sand.deposiks which 

are described in the previous section. These  materials 

which were stream deposited have not been subjected 

to preconsolidation and s i g n i f i c a n t  settlements would 

result under  foundation loadings.  In addition, 

considerable difficulty would be experienced in 

performing excavations for  piers in the 

saturated  granular soil. Consequently, a driven 

p i l e - - founda t ion  system is recommended for all structures. 

The pile types generally available would include 

timber, precast concrete,  steel H-piles and 

pipe piles.  The timber piles are not recom- 

mended as a result of their law capacity and 
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possible damage when driving through gravel 

strata. The pre-cast concrete p i l e s  are a l s o  

n o t  recommended  primarily due t o  the ' d i f f i c u ' l t y  

i n  e s t ab l i sh ' i ng  ultimate pile lengths and 

unless the l e n g t h s  can be pre-determined 

considerable d i f f i c u l t y  in s p l i c i n g  results. 

t t  

Steel H-piles or p i p e  p i l e s  are, therefore, 

recommended for consideration pr imar i ly  based 

on high d r i v i n g  strength;high load capacity 

and relative ease in sp l i c ing .  The granular 

Strata at this si te  will provide adequate 

lateral  support such  th'at i n s t a b i l i t y  in the 

form of buckling of the p i l i n g  w i l l  not be a 

problem. 

It is recommended t h a t  a l l  p i l e s  be dr iven  to 

"refusal" .  "Refusal" will depend upon the 

energy rating of the hammer but is commonly 

15,000 ft, lb. As an i n i t i a l  guide,  piles should 

be driven to blow counts of 180 blows/ft. or: 

15 bl-ows/inch. The pile  capacity is largely 

12, 



a function of the amount of energy expended i n  

installing the p i l e  and not  j u s t  of t h e  recorded 

r e s i s t a n c e s .  The p i l e  which i s  dr,iven t o  a 

s u s t a i n e d   r e s i s t a n c e  w i l l  perform better than  one 

which is t e rmina ted   t he   i n s t an t  a given resist- 

ance i s  attained. Of course ,   the  p i l e  must n o t  

be driven u n t i l  damage occurs  and  whenever 

r e s i s t a n c e   i n c r e a s e s  greatly, the d r i v i n g  should 

be terminated. 

At the  Whitesand Creek site, it is anticipated 

that  steel pipe or H-piles for p i e r s  will be 

approximately 60 feet long based on d a t a  summarized 

on test h o l e  log 132A where bedrock was encoun- 

tered at e l e v a t i o n  220. The pier foundations 

will be nearer the stream  channel  than t e s t  hole 

13211 and t h e   " r a t t e n "   n a t u r e  of the permafrost 

w i l l  l i k e l y  be more developed. D i f f i c u l t y  e x i s t s  

in establishing the i n s i t u   d e n s i t y  and t h e r e f o r e ,  

predicting the " r e f u s a l "  depth i n  gravel strata.  

S t e e l  piles dr iven  t o  r e f u s a l  can be expected t o  

a t t a i n  allowable load capacities i n  the range,'of 
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80 tons depending upon the steel  section area. 

"False" refusal may occur whenever extremely large 

boulders cannot be penetrated dur ing  dr iv ing .  

Such boulders were encountered at the 16 foot 

level in t e s t  hole 132A. 

Although r e f u s a l  may be a t t a i n e d  while driving,  

fundamental refusal bearing c a p a c i t y  may not 

e x i s t  below the pile tip. Load t e s t s  would be 

necessary t o  establish al lowable p i l e  loads if 

this situation is recognized, In order to attain 

penetration of the steel piles around large 

boulders, it may be necessary to utilize vibration 

techniques. Alternatively, large diameter open 

steel pipe may be utilized to penetrate boulder 

strata by crushing  t h e  boulders with c h u r n - d r i l l  

methods within the pipe p i l e .  

Whenever convent iona l   d r iv ing  techniques are 

employed, the capacity'of a pile should be 

established in the field by several pile-driving 

t e s t s .  The ultimate capacity would be calculated 

14. 



on the basis  of a dynamic p i l e -d r iv ing  

formulae such as t h e  Hiley, Danish or 

Weisbach. It is recommended t h a t  the 

Engineering News formula no t  be u t i l i z e d  

as a result of its extreme v a r i a t i o n  i n  

f ac to r  of safety.  

The south abutment locat ion is proposed i n  

t h e  large fill section at station 881 3. 40. 

Wherever the enibankment c o n s i s t s  of com- 

pacted granular fill as recommended in 

s e c t i o n  D3, the abutment may be placed on 

a spread foot ing  utilizing 4000 pcf 

allowable bearing stress, If inferior 

materials 01: compaction techniques are 

utilized i n  t h e  embankment, the foundation 

must consist of dr iven  piles i n t o  the 

granular subsoils below. Pilas dr iven  

through f i l l s  subject to settlement must 

be designed t o  carry negat ive  sk in  frictibn. 

c 
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At the north abutment, s t a t i o n  883 + 90, 
a change from fill t o  cut occurs at the 

proposed location. The soil strata 

consists of clayey silt and clay perma- 

f r o s t  at this elevation and would not allow 

satisfactory long-term  abutment foundation 

performance. Piles driven t o  refusal in 

the g lac i a l  till at elevation 308 should 

be u t - i l i zed  but steam-jetting of the surface 

materials will likely be necessary t o  

achieve penetration. 

It is further recommended t ha t  s t a t i c  load 

t e s t s  be performed to establish more 

accurately the bearing capacity of a typical 

steel pile and the applicability of dynamic 

pile formulae. Data obtained from load t e s t s  

on piles driven into deep granular deposits 

will be of assistance in designing piles 

throughout the Mackenzie Highway System. . 

16. 



The lateral resistance of piles can be 

established by r e c e n t l y  developed methods 

based on the beam on elastic foundation 

method b u t  the simple and more conventional 

approach is based on c a l c u l a t i o n  of the 

Rankine passive earth pressure a g a i n s t  the 

pile. Using Rankine theory the ultimate 

passive resistance fosce/ft2 of pile can be 

obtained by P = 3 YbKpH2. The submerged unit 

weight of the granular material may be taken 

as 60 pcf and the passive  pressure c o e f f i c i e n t  

Kp as 3.0, In order to establish the allow- 

a b l e  l a t e r a l  load a factor of safety of 

2.5 should be applied to the above u l t ima te  

load. Generally, in cohesionless soils the 

lateral load  tends  to exceed the passive 

resistance and the above simplified approach 

is on the conservative side. 

17. 
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2. Lateral  abutment Loads 

The magnitude of t h e  pressure applied to 

the abutment will depend upon the,char- 

acteristics of the backfill chosen fo r  the 

approach fill and upon t h e  movements that 

the wall undergoes during and subsequent 

to fill compaction. 

I .. . . .. 

It is recommended t h a t  granular backfill 

from the river terraces or borrow pits 

be u t i l i z e d  for the abutment approach 

embankments which will be in the order 

of 30 feet high. 

The most common procedures for analysis 

of the earth pressures against gravity 

r e t a in ing  walls i n c l u d e  the Rankine and 

Coulorrib methods. 

18. 



Generally, it is assumed t h a t  the wall rotates 

s u f f i c i e n t l y  t o  allow mobi l i za t ion  of the 

backfill shear strength which reduces the 

pressure t o  the active case, the lowest pressure 

that  can be realized. This' assumption applies 

reasonably accurately when the backfill consists 

af uncompacted granular material b u t  pressures 

greater than the active occur wherever compaction 

of the backfill is undertaken. While the total 

yie ld  at di f fe ren t  elevations on the abutment 

may be adequate fo r  mobilization of the f u l l  

backfill st rength,  a gradual build-up of the 

.backfill also results in a gradual  y i e ld ing  of 

the wall. Therefom, by the time the backfill 

is complete only a f ract ion of the total y ie ld  

of the wall has become effect ive in decreasing 

the earth pressure. A t  the present time i t  i s  

accepted t ha t  the actual earth pressure 

magnitude will exceed the active case and may 

approach the earth pressure at rest. Pressures 

greater than the a t - r e s t  case may occur if 
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heavy equipment is u t i l i z e d   n e a r  the concre te  

abutment. 

If the Coulomb approach is u t i l i z e d ,  the 

angle of wall friction between concrete and 

coarse sand and grave l  would be 20 degrees. 

The angle of i n t e r n a l   f r i c t i o n  f o r  compacted 

granular mate r i a l  would be 38 degrees and 

the dry d e n s i t y  may be taken as 115 pcf. For 

a simple v e r t i c l e   r e t a i n i n g  wall abutment 

w i t h  h o r i z o n t a l   b a c k f i l l  the Coulomb a c t i v e  

c o e f f i c i e n t  would be - 2 4  and the a t - r e s t  

c o e f f i c i e n t  based on KO = 1 - sin fi would 

be . 3 8 .  The Rankine procedure which disregards 

the wall f r i c t i o n  would also result  in an 

a c t i v e   c o e f f i c i e n t  of .24. Whenever the wall 

or backfill are i n c l i n e d  or a surcharge 

e x i s t s ,   t h e  Coulonib procedure will resu l t  i n  

a lower active pressure which will be more 

exact than t h e  conservative Rankine method. 

The pressure distribution behind a gravity 

r e t a i n i n g  wall has been shown to be non- 

.. 
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triangular,  but as  a first approximation 

and for s i m p l i c i t y ,  the triangular pressure  

diagram is recommended. It is also recom- 

mended t h a t  whenever b a c k f i l l  i s  compacted 

in lifts by vibratory  compactors the at-rest , 

coefficient may be u t i l i z e d  for calculat ion 

of the u l t i m a t e  earth pressure. 

A driven p i l e  foundation has been previously 

recommended f o r  the abutments which w i l l  

provide s i g n i f i c a n t   l a t e r a l  re s i s tance  b u t  

it is fur ther  recommended t ha t  some batter 

p i l e s  be u t i l i z e d  to ensure  adequate l a t e ra l  

support against  earth pressures. 

Positive drainage including horizontal  

perforated t i l e  and weep holes should be 

provided to prevent development of hydro- 

stat ic  pressure a g a i n s t  the wall. In 

addi t ion ,  free drainage of water will prevent 

the development of frost heaving pressures 

against the walls. 

- 



3 .  Bs idqe  Approach Grades and B o r r o w  Material  

Major c u t s  are proposed at the north and 

south  banks of the proposed bridge site. 

The c u t  on the south bank at station 872 + O0 
will be approximately 35 feet i n  h e i g h t  and 

w i l l  extend approximately 1,000 feet, These 

cuts  w i l l  be performed in dry frozen sand and 

gravel w i t h  no excess ice, It is ant ic ipa ted  

t h a t  the s t a b i l i t y  of t h i s  cut . slope will 

not  be a problem and a slope of 2 : l  is 

recommended, although a f l a t t e r   s l o p e  may 

be employed t o  increase available f i l l  material. 

The c u t  on the north  bank- .a t  station 886 -i- O0 

will be undertaken i n  primarily dry gravel  

and sandy silt with moisture contents  less 

than 6%. I n  the lower port ion of the c u t  

section at station 885 -t 00, the cut of 10 

feet w i l l  be primarily in silt and silty c lays  

w i t h  moisture contents i n  the  order of 25% 

and excess ice contents  of 5%. A t  t h i s  

2 2 .  



Section cut Slopes of 2:1 are recommended. 

Some sloughing of the 10 foot cut can be expected 

af ter  excavation dur ing  thermal readjuatment. It is 

recommended t h a t  consideration be given to rais ing 

the grade l i n e  approximately 12 feet near the 

north  abutment to eliminate c u t t i n g  in t h e  

surface si l t  permafrost, Some thaw settlement 

can be expected as the s e c t i o n  would be composed 

of a four  foot f i l l .  

F i l l s  of 3 t o  5 feet have been proposed north 

and south of t h e  major cuts which were described 

in the above paragraph. These f i l l  heights are 

considered adequate at s t a t i o n s  894 + O0 and 
864 f O0 as the subgrade consists of dry g r a n u l a r  

soil which is not expected to undergo significant 

thaw settlements, b u t  i n  the area of t e s t  hole 8 0 B  

a t  s t a t i o n  855 + O0 approximately 10 feet of f i n e  

sandy s i l t  is present which exhibi ts  moisture 

contents  of 40%; dry density near 70 p c f . ,  and 

con ta ins  random ice. It is expected t h a t  thaw 

se t t l emen t s  in t h e  order of 1 t o  2 feet  will occur. 

. ,  . * .  '. . 23. 
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Therefore, i t  is recommended t h a t  the f i l l  

depth i n  this a r e a  be increased  t o  approxi- 

mately 8 feet  i f  granular m a t e r i a l s  are 

u t i l i z e d .  

The approach f i l l s  to the br idge  will be 

approximately 30 feet high  and it is recom- 

mended t h a t  because of an adequate granu la r  

material supply, these m a t e r i a l s  be utilized 

i n  all fills near the bridge approaches and 

be compacted t o  95% of . -Standard Proctor 

utilizing vibratory compaction. Although 

construction may be performed during the 

win ter ,  the dry nature of the g ranu la r  

materials will allow adequate compaction. 

Compaction of these deep approach f i l l s  is 

mandatory to ensure slope s t a b i l i t y  and all 

fill slopes should be c o n s t r u c t e d   a t  slopes 

of 2:l. 

In a d d i t i o n  to common excavation which will 

be obtained from valley cut sections, granular 

24. 



borrow mate r i a l  may be found ad jacen t  t o  

the c e n t r e l i n e  a t  s t a t i o n  8 7 1  -t O0 and 

891 I- 00. The borrow p i t  investigated at3 

s tat ion 831 4- O0 consists of s i l t y  c l ay  with 

mois ture   conten ts  i n  the range of 40% and is 

n o t  considered s u i t a b l e  for roadway errhank- 

ment fill. Test hole logs €or the borrow 

material are included i n  the Appendix. 

Y 
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APPENDIX 

EXPLANATION OF FIELD & LABORATORY 
TEST DATA 

The f i e l d  and laboratory tes t  results as  shown for a p a r t i -  
c u l a r  t e s t  bor ing  by t h e  T e s t  Hole Log Data Sheet are b r i e f l y  
descr ibed below: - 

NATURAL MOISTURE CONDITIONS & ATTERBERG LIMITS 

The r e l a t i o n  between the  n a t u r a l  mois ture   conten t  and depth 
is s i g n i f i c a n t  i n  determining  the  subsurface  moisture   condi t ions.  
The A t t e r b e r g  Limits should be compared t o  t he   Na tu ra l  Moisture 
Content of the subsurface s o i l  as well  as p l o t t e d  on the Plas-  
ticity Chart. 

SOIL PROFILE & DESCRIPTION 

Each s o i l  strata is c lass i f ied  and descr ibed  not ing  any 
spec ia l   cond i t ions .  The un i f i ed   c l a s s i f i ca t ion   sys t em is used, 
and the  soil p r o f i l e  refers t o  the e x i s t i n g  ground e levat ion.  
When a v a i l a b l e  the ground e l e v a t i o n  i s  shown. 

The s o i l  symbols used are briefly shown below b u t  are in- 
d i c a t e d  i n  more d e t a i l  i n  the S o i l  Class i f i ca t ion   Char t .  

TOPSOIL PEAT FILL CLAY SILT 
MUSKEG 

SAND GRAVEL TILL BEDROCK 

TESTS ON SOIL SAMPLES 

Qu - unconf.ined  compressive  strength u s u a l l y  expressed i n  tons  
per   square   foo t .  This value is used i n  determining the 
a l lowable   bear ing   capac i ty  of t h e  soil. 

f d  - dry unit weight  expressed i n  pounds per cubic foot. This 
va lue  i n d i c a t e s   t h e   d e n s i t y  or cons is tency  of t h e  i n - s i t u  
soil. 

% 

- 1 -  



C - Consoliaation tes t .  These test results are separately 
enclosed and provide information on the consolidation 
o r  set t lement   propert ies  of t h e   s o i l  strata. 

enclosed and indicate   the  gradat ion  propert ies  of the 
m a t e r i a l  tested. 

SO4 - water soluble sulphate  content is conducted  primarily 
t o  determinfi whether sulphate r e s i s t a n t  cement i s  
required f o r  the founda t ion  s t r u c t u r e .  

i n  the f i e l d  t o  determine  the i n - s i t u  consistency of 
a soil s t r a t a .  The "'NI' value  recorded is the number of 
blows  from a 140 lb. hammer dropped 30 inches (free fall) 
which are  required t o  dr ive a 2" O.D. Raymond type sampler 
1 2  inches into the soil. 

M.A. - gra in   s ize   ana lys i s .  These test resul ts  are separately 

N - standard  penetration field test. T h i s  t e s t  is  conducted 

The resis tance and unconfined compressive st rength of a 
cohesive soil can  be r e l a t e d   t a  .its consistency as follows:- 

N - BLOWS/Ft. CONSISTENCY QU - T/Ft.2 
2 very soft O. 25 

2 -4 
4 -8 
8-15 
15-30 

0.25-0.50 
O. 50-1.00 
1.00-2.00 
2.00-4.00 

s o f t  
medium or firm 
s t i f f  
very s t i f f  

1 30 4.00 hard 
The resis tance of a non-cohesive s o i l  ( sand)  can  be r e l a t ed  t o  

i t s  consistency as follows:- 

O 5 10 15 20 
WIDTH B OF FOOTING IN FEET 

- 2 -  



SAMPLE CONDITION AKD TYPE 

The depth and condition of samples are i nd ica t ed  by 

the following symbols: 

lpl 
UNDI S TIJRRED DISTURBED bOST SAMPLE 

SAMPLE TYPES 

T - 3" O,D. Shelby tube sample 

P - penetration tube sample 

C - rock core sample 

PERCENTAGE WATER SOLUBLE SULPHATE CONCENTRATION 

O 0.1 .. 0.2 0.3 0.4 0.5 0-6 0.7% 

Negli- 
Severe Considerable t ive  gible 

Posi- 

1 
1 RELATIVE DEGREE OF SULPHATE ATTACK I 

" .  . 

Neqliqible - Normal Portland Cement may be used.  

Positive - Normal Portland Cement may be used, provided the 

s t rength of the concrete is increased up to 500 psi higher  

than  the compressive st rength which would normally be used. 

Considerable - Type V cement must be used and the con- 
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I 

I 

Severe - Type V cement must be used and the concrete 

compressive s t r e n g t h  should be increased from 500 to 

1000 p s i  h ighe r  than  the compressive s t r eng th  which 

would normally be used. 

- 

GROUND WATER TABLE 

The water t ab le  is indicated by t he  level of s tanding  

water i n  a test boring a f t e r  equilibrium has been reached. 

This is generally t aken  24  hours after the drilling Oper- 

ation. The water table  is usua l ly  an i nc l ined  sur face  

that is dynamic in nature with its h ighes t  level late 

in the win te r  or early spring gradually f a l l i n g  through- 

out the summer. 

- 4 -  
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UNIFIED SOIL CLASSIFICATION SYSTEM 

f 

PLASTICITY CHART 

LIQUID LtMIT- WL 
FOR LABORATORY CLASSlPICATlOM OF FlWL-ORAINE0 SOILS - 

-5- 
UNDERWOOD MCLELLAN I ASSOCIATES LIMITED 



NATIONAL RESEARCH COUNCIL PERMAFROST 
CLASSIFICATION SYSTEM 

Permafrost ground ice occurs in three basic conditions 

including non-visible, visible  (less than one inch in 

thickness) and clear ice. 

A. Non-visible - N 

Nf - poorly bonded or friable frozen soil 

Nb, - well bonded soil, no excess ice 

Nbe - well bonded so i l ,  excess ice 

B. Visible - V (less than 1" thick) 

vx - individual  ice crystals or inclusions 

vc - ice coatings on particles 

VX - random or irregularly  oriented ice formations 

V, - stratified or or ien ted  ice formations 

C. Visible Ice (greater than 1" thick) 

Ice - ice w i t h  soil inclusions 

Ice -t Soil - ice without soil inclusions. 

A more complete description of this system is included in 

NRC publication TM 79. 

Y 
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& 
Viewing Rill at S t a ,  874-E.00 from 

S t a t i o n  880+00  looking  South  
Proposed 3 0  foo t  C u t  Area. 

Viewing ~n of crossing from S t a t i o n  
880+00  Looking North P la t e  3 .  



3 .  



I 
l t l  

T 

i 

i 



1 

I .  

1 

I 1 
i 
f 
i 

F 

I 
L 

i 

t 
1 t 

i 

I 
t 

i 

DESCRIPTION 
ICE 

I 

L 

1 1 I 



. .  
'. 

UNOERWOOD M c t E L t  DEPARTMENT OF PUBLIC WORKS, C A N . 4 X  

E '  
, .  

i 

i 
i 
i t 

I 

! - 

.I . 
I '  

" 

S/L 7 - 



"",*"** 
1"
"-
 

,. .- 
n :! 

1 
.! 

I I I ! I 1 

1 

J 
: 

CN':: 
I :
 

: "
 

à 
"
 I 

-I 
L

 

y
-
-
 

O
 
h
 

'
>

 

L 

.
'
i
 

. 

.
k

 

,' 
! 

.* 
-__..- 

.. 

f I 



1
 

4 

2 b 

. 
h
. 
. 8 "- 

.
.

 
.

.
 

.
.

 

(F
EE

T)
 

D
E

P
T

H
 

I
 

m 

.- . 

." 
_.

.. 
_
. """"""""""l.l_ 

._
 __ 

"
 

E c 
,
.
I
.
.
 

_. 



i 1 I 

*., 
I I
 

. "" 

*.".. 
-.. 

"
 

""." 
-
.. 

""".. 
* ""." 

I
"
~
"
"
-
~
"
"
"
Y
.
-
.
.
"
"
 

""
"*

 
""

. 
"
"
 

."'.-"* 
..-,.- 

..""-l 
. .. 

"~
.._

e
""""-.--.--f- 

-A- 

C
d

"
"

 

-
I-
l"
-
-
-
 

"
"
"
I

 

Q ? 
'

O
 

u
 

"
"
 

"
"
 

""+* 
"
"
 

"
"
"
 

"""""++ 
"
"
"
 



I I I I I I 1 1 I I I 1 I I"
 

1 I 1 I I 

.. I 

*. - . 
,. r . . **+

" . . .. 
"_ 

.I I 
." 

c O
 

__"". 
*_

." 
"""

""_
__".

""~ 



u "
 

.
c
 

e 

"
"
"
 

-"
"
I"
 

-..-.-- 
"
 

W
I 

h
 

,2
 

N
O

IIV
Y

lJ
N

ld
 

'. 



I
'

 
I. 
I 1 

.
L

 

1 1 1 

b 

.- 

"- 

L
 



I I 1 
! 

1 I I 

.. 

I l 

I 

I 

!2 

4
.

1
 



i 

. "_
" 

. .""" 
"
"
 

.. -
 ." 

*" 
+

. 

D
 rr h
 

4
 

......
......

. 
.*
 

"
"
+ 

"-
."
-.
 

$'
 

. 
.. 

h
 

.
.

.
.

.
.

.
.

.
.

.
.

.
 

..
..

..
..

..
..

. 
..

..
..

..
..

 ._ 
,,
._

.-
_

 
..

..
 

. 

'
.

 
,
 

." .
. 

..
..

..
..

..
..

..
..

..
 ."

 ..
...

...
...

 
...

._I
"7

 
..

..
..

..
 

U
.

 

I: 
-.

 
1

 ..-
. 

E/ I E 
". 

' 



i. 

,.
"
^

"
I 

,".
.-"

 "
"
"
"
"
 ̂
._

.".
.. .

..
..

..
..

..
..

. ,"
, 

... 
...-

....
....

....
.I."

.".
I 

"
"
"
 

"A
 

__
_.

-. 
~ 

""""""""-"." 

....
....

. 
_.

-..
...

.. 
I
 -
 

"."".
*." 

-."-
 

-
 

""
- 

_.",-."" 
~

. "
"
 

-. 
- 

_.
"" 

*
 _"_

."_. 
...

 
....

... 
*"

 
.....

.. 
C
I
 ._

.._
 
"
"
 

"."" 
.- 

... 
""_"" 

.."" 
. -*

" 
. "

- ..
.. .

"".."
~,"

""_
" 

"+
-+

- 
".* 

"""""_ 
."." 

...,.
... 

.. 
.*

."
 "

+
 

. 

_.
_ ..

 _
I
 

...
 

.._
 ..

...
. ,

r.
 . 
..

-~
 .

...
...

...
...

 "_ ..
..

..
. 

..
..

..
..

. _
.. ". 

- 
~ 

"_. 

i ! 

I 8 



I"' ,
_

 
. ..-. 

"'1 
191s 

. 5"+-t 
4 _.". 

*
c

 

.. 
. 

"
"
-
 

"""t2"d*"","- 
_""

"" 

f-l 

"
 

5 . 
-

3
 

"
"
 

.
.

 
_

_
.- ."""_."_..__I 

"
"
"
 

"
I
 

"".* 
"""""""._.. 

-* .- 
""".-."-""-~- 



I I I 

'I- 
î 

I 

r 



.
.

.
.

.
.

.
.

 *... 
."_.,".... 

... - ". . .
I
_

.
"

 ..... 
............. 

"
"
*
 ".. "

+
 

....... 

,,"""". 
.. 

*
 ..... 

._._ _.."". 
"
"
"
 

. . 
I
,
.
 

.
.
"
+
"
.
"
"
"
"
I
-
 

.* 

. 
.............. ,*. ...... 

"
"
 

"... 
*. -.- ..... - .- ...... 

"_ 
"I.-.__C,,,. 

m
. ............ 

8, ... 
*
 -..-. 1-

 
"."- 

m
... 
I
.
"
*
 

". 
. 

*
I
 

I 
'

i
 

I
'

 

I 

/I t 

"
 L"".* 

I i t I I I 
I 

I
 

i 

."_ 
s
 

ei 
"-..". 

..""" 
-." 

"
"
"
 

II.~
""-"-"..-~

-.*."f.-...- 
...................... 

a
.

 

.
.

 

..... 
..... 

.......... 
"
+

,
,
 ................ 

,.". ..... 
. ".-. 

N
 

v
o

n
'

2
!

Y
~

:
o

'
!

?
,

,
N

 
<

I
 

N
 

'I 

..""". 
. "
"
 . """..._ 

I
 

"...."". 
"-""X.ll 

I
I
 



-r 
l I 
j 

1 I 
i t I 

I 
i 
i 
i I 
i 
i 

i l 
i 

i 1 
! 
I 

1 
I. 

! 

t 

! 
I 

I I 

.""e 
1 

c 

I 

1 
-. 
'i 

- "- 



I I I 

__ _." * "*.""-.,""" 
~ 

"*""..- 

I
 
_r""l.."t 

"""....""* 
"-.."" 

rr"
l.f 

.,"... 
-..-.X 

"
 . 

"""
""-

*<"
"""

IC 



.c- 

I 
.. . , . 

_.". 
...._

 ""
* 

+." 
"""".- 

-
 * -
t
-
 



I 


