G.1-30 SEPT. 1976

DOCUMENT MICROFILMING IDENTIFICATION

GEOCRES No._ 2G4

DIST. 19 REGION

CONT. No. 1759

W. O. No.

STR. SITE No.

HWY. No.__/

L OCATION Faesw €5 we Wef Foilt
UU'&\, 2 €

Ao o7 3 S s - o

iy
——

OVERSIZE DRAWINGS TO BE INCLUDED WITH THIS REPORT.

REMARKS:




R g
g B
e 5

L
i i b e
i i i T

e e . A - .
e b I A g v
it Gl e o xi,,, -
G = o e
Vo e S A e e M
TRl e e S D
iRy -:WN\' i )

g S e iy
L 2% !
o
; S

i

i i

A :
i iy i T %

o oy pt 5

- o BRIy ; RPN

g i : M

i T

& ; 3 e : i

¥ Ty

i

p
e
P i
iy R g e Bt "
3 S S G i
) - .

@i\

)’é&&; i < w“\}e\r e
: i i ,.@_-%ﬁg@l

e

) ﬁﬁ

L

i :*‘0‘;‘4
.

s

S e a35T
- f JOr
e R R R R Rl e

it i
e S R
IS
4§ &m,&w;ﬁ @,@f o
L

Q SO g\%—w ety e ;,".,},f
PR R Wk S
e Lot
A T R il v i R
i o L R U o
R it e e

; SR b Uit
: PR
AR »:WK%}W
iy ‘&@*’W?
T

i

e
i o S
A

)
fe
e

g
b
st I s i
Ao . ey e, it i ¢
Pl B G
v T : R

i V]‘ iy
ks

TR
R i
Sl
SO e
S i e

e

o
i
o

S

e
T e

i b

L FAA o S
A ey i
At

o

i) i
A
o

LAy
i 5 . ;
g X g SR o3

By
El i
i

i ¢4
X = AR
S i uf:
oS
§ ReRa e

e
N ;
i
Bt e
e e
G g
o PR
R R U e
b T e
; R
O A
“'-\'sf;xw',ri‘::;* B A,
Sl i ¥ ARl e s 3
I & e : i i R ki g ‘“\*:;;M -
: o R < M;@zk@fﬁ%@y\
7 L i i : e b T e
o e
et Bl
e

R R i ik
RO : S T Gl o
g - s i i B

iy R ot o
; : i
’ N Ny
L o
e S A

i
T

i
i gl

e

R
R

L L
g, R SO ——
T A SR

-

P . T,
Vg RN AT
SR S -;N%@:W);
G
kb e
i g;"’ e
e
A

i

S

Hag A
2

i)
A

e
i

e

b
i

L

i e

Sl

e e O

A

R e
s

R

Sl

S o
e o g

iy

i
g.\ﬂv

o

i g ]
o R il i
Ry 3 i i £ g
gt S . el o e DRI A ; o
. SRR G B R g " i i
. i EER SN N A NS o U X i 2
IR e et g Er g
B S : e
s Al i e v
R e 3
; SN B i

%?*ﬁs’.w ey S A
o i R




Ministry of N g
Transportation and C> /’g /G‘ ///U/QL’/
Ortaro Communications Memorandum
To: My, R. Morgenroth (2) From:  Spi1 Mechanics Section

Regional Materials and Testing Engineer
* Northwestern Region, Thunder Bay

Geotechnical 0ffice
West Building, Downsview

Attention: My, H, Munford Date:  February 19, 1976
Out File Ref. in Reply to wop 0 5 W;‘!’%

oM TT 7729
Subject:

FOUNDATION INVESTIGATION REPORT

Distress of Embankment
Constructed Over An Organic Terrain
From 8.4 Miles to 11.0 Miles West of Raith
W.P. 910-75-01
Hwy. 17 (T.C.H.) District 19, Thunder Bay

Further to your request, this Section carried out a detailed
subsurface investigation to provide various alternatives to remedy

the pavement distress on this portion of Highway 17.

This report contains data relative to the past performance

of the roadway, its construction history, and subsoil conditions.
A summary of possible remedial measures including pertinent recom-

mentations is given herein.

The final choice of the remedial measure

should be based on economic and other considerations, such as pos-

sible icing of the pavement.

This Section is obtaining a detailed proposal regarding the
use of urethane foam as an insulating agent against frost action.
When received, this data will be forwarded for your consideration

as an alternative to other types of insulation.

/N Bovrdn

M. DEVATA
Supervising Engineer

cc: W. Neilipovitz R. Hore
5' Eg:gks J. Anderson )
: N.G. Maluzinsky ) memo only
W. Phang '
G.A. Wrong - Files
R. Bennett Record Services
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FOUNDATION INVESTIGATION REPORT
for

Distress of Embankment
Constructed Over An Organic Terrain
From 8.5 Miles to 11.0 Miles West of Raith
W.P. 910-75-01
Hwy. 17 (T.C.H.) District 19, Thunder Bay

1. INTRODUCTION

The Soil Mechanics Section was requested to investigate the poor
performance of a roadway constructed over organic terrain which resulted
in pavement cracking of Hwy. 17. The request was contained in a memo
from Mr. R. Morgenroth, Regional Materials Engineer, Northwestern Region,
Thunder Bay.

About 60 miles west of Thunder Bay, Hwy. 17 crosses a swamp for
a distance of 2.5 miles approximately. This stretch was paved in 1961
and since then longitudinal cracks,which are now up to 12 inches wide,
have been occurring every winter, presenting a serious maintenance and
pavement performance problem.

A subsurface investigation was undertaken by this Section in
November, 1975. This report contains the results of the investigation,
discussion of probable causes of pavement distress, and measures to
jmprove the performance of this section of the highway.

2. HISTORY OF CONSTRUCTION AND ROADWAY PERFORMANCE

Before 1959, this portion of the highway existed as a primed
surface 20 to 22 ft. wide, with 6 ft. shoulders. No information was
available as to when the old roadway was built. It appears that originally
the road was constructed by placing granular material directly on the
peat deposit . Small longitudinal and transverse cracks were observed
in the gravel road.

A soil survey was carried out in 1952 in order to upgrade this
portion of the highway. This survey was updated in 1958. A soil design
report was issued in August, 1958, and a copy thereof is contained in the



Appendix of this report. As per Mr. A. Rutka's memo to Mr. H.D. McMillan
and dated August 15, 1958, "Considerable discussion has taken place

since 1952 as to the merits of shifting the centreline and carrying out
complete muskeg excavation or of riding the muskeg and using the existing
centreline.” Finally, the decision was made in favour of the latter
alternative, because of a shortage of granular material and in order to
take advantage of the consolidation of the existing muskeg underneath

the gravel road. It was proposed to raise the grade by about 2 ft. to
provide a minimum of 36 in . above the water table in the surrounding
swamp. The Soils Design Report recommended that this 1ift should be
achieved ina 28 ft.wide central core by means of 18 in . of GBC class

'B' overlain by 6 in.. of GBC class 'A'. Later, GBC class 'B' was changed
to sand cushion. In the report it was suggested that acceptable earth
material may be used for shouldering.

It was further decided that a 5 ft. deep ditch should be con-
structed parallel to the highway and 75 ft. south of it, for the purpose
of Towering the water table in this area, and, that take off ditches be
dug at intervals of 500 ft.

A contract (#59-246) for upgrading this portion of the highway to
the TCH standards was awarded to Muskoka Construction Ltd. on August 18,
1959, The Construction Supervisor and Project Supervisor were Mr.

F. Caldwell and Mr. N. Maluzynsky, respectively.

Work on the contract began in October, 1959. The initial portion
of the work was confined to building a 24-26 ft. wide central core of sand
cushion. Widening material was placed when the road was up to the sand
cushion grade. About 80% of the sand cushion was placed in 1959. Nearly
all the sand cushion was in place by the middle of May, 1960 (Soils
Construction Report dated April 7, 1960, p. 3) From the correspondence,
it is apparent that most of the materials were"borderline at best and
indeed, much of the material did not meet our specifications”  (memo
from Mr. A. Rutka to Mr. H. Tregaskus, dated April 26, 1960). The sand
cushion was mainly end dumped by trucks and bladed to 6 in. 1ifts using
a grader. Compaction of the material was achieved by means of a wobbly-
wheel roller. Compactive effort was reported to be good but the moisture
content was well above the optimum. The fill material placed in the



month of November, 1959 was"freezing as placed". (memos from Mr.

A.C. Powell to Mr. J.B. Garland dated October 27, 1959 and to Mr. M.
Sinclair dated April 19, 1960). No compaction checks were taken on this
contract.

Widening material was placed directly on the muskeg deposit after
the centre core was brought up to the sand cushion grade. "Shoulders
were placed at the same time as the fill widening". Shouldering material
was similar to the fill widening, i.e. acceptable earth borrow varying
from bouldery till to fine sand (Soils Construction Report, April 7,
1960, p. 4). Shoulders were well compacted at the surface but no com-
paction was applied to the fill widening beneath.

GBC 'A' 6" thick was placed on the road during May and June, 1960,
using a box spreader and compaction was reported to be good. Crushed
gravel was placed on the shoulders at the same time.

The contract for paving (cont. 60-169) was awarded to McLeod
Construction Co Ltd., August 3, 1960 and paving was done in September,
1961. The contract called for HL-4 mix with two 1ifts of 1% in. for a
width of 24 ft.

It is reported that heaving and cracking of the pavement was
observed the following winter (1961-62). Measurements of frost heave
and cracking were initiated by the Regional Materials and Testing Office
in November, 1963 and were continued to July, 1965. During this period
heaving up to 11 in. was recorded. The maximum opening of the longi-
tudinal cracks was about 10 in. No attempt was made to determine the
depth of cracks. The pavement required constant maintenance. During
the winter, as the cracks opened they were filled with sand. 1In the
spring the badly heaved portion was levelled with a blade and the crack
filled with patch mix. At a later date use of wire mesh was suggested
to prevent opening of the cracks. In 1967 a binder coat was put on the
pavement and a wire mesh 10' wide (gage 10/10, opening 3" x 10") was
placed in the middle of the road and it was then covered with a 1%" 1ift
of asphalt (contract 67-156). The cracks reappeared the following winter
near the centreline and in addition, along the edges of the wire mesh.

It is reported that the wire mesh was split along the Tongitudinal crack
near the centreline,



In April, 1968, a plot of all cracks was compiled by the Regional
Materials and Testing Office and measurement points were established at
four cross sections where medium to severe longitudinal cracking had
occurred. However, the results could not be analyzed because of a survey
error. The plot of cracking was updated in April, 1974.

A comparison of the two plots shows cracking has continued un-
abated and has somewhat increased since 1968.

3. DESCRIPTION OF SITE

The site is located about 60 miles west of Thunder Bay on Highway
17 (Trans Canada Highway). This section extends from 8.5 to 11.0 miles
west of Raith. (i.e. old Sta. 1300+00 to 1420+C0 or new Sta. 310+00 to
190+00)

At this location the highway crosses a flat swampy area. This
area was probably once the flood plain of an older counterpart of Savanne
River. The flood plain was later covered with an organic deposit. The
depth of the organic deposit, consisting largely of peat, varies from 5
to 15 ft. The area is very poorly drained and free water is at or near the
ground surface.

Runming parallel to the road is a CP Railway line on the north side
and a 5 ft. deep man-made ditch on the south side.

4, FIELD AND LABORATORY INVESTIGATION

The fieldwork consisted of a total of fifteen sampled boreholes.
Three boreholes were accompanied by dynamic cone penetration tests
adjacent to them. The boreholes were put down to provide subsoil in-
formation along a cross section at each of the following stations.

Sta. 231+85 B.H.'s #5, 7, 9 and 12
Sta. 244+75 B.H.'s #4, 6, 8 and 10
Sta. 263+35 B.H.'s #13, 14 and 15

Sta. 273+50 B.H.'s #1, 2, 3 and 11



Selection of the stations was based on the visible damage to the
pavement. At Stations 231485 and 273+50, severe damage has taken place,
while at Station 244+75 and 263+35, 1ittle damage was visible. At the time
of investigation no open cracks were visible but the pavement condition was
estimated from the patching and unevenness of the pavement surface. A
survey of pavement condition done in 1968 was also utilized in selecting
the sections to be investigated. |

At each of the above stations one borehole was put down about 5 ft.
from the centreline and one borehole on each shoulder. At three stations
one borehole was put down on virgin ground between the highway and the
railway tracks.

Boring was achieved by means of two trailer mounted hollow stem
auger machines adapted for soil sampling purposes. During the field work,
disturbed samples were obtained by means of a standard 2" 0.D. split-spoon
sampler; the energy used in driving it (i.e. 4200 in 1bs) conformed to the
requirements of the Standard Penetration Test (SPT). The same energy was
used for the dynamic cone penetration tests. "Undisturbed" samples were
recovered using 2" I.D. Shelby Tubes which were pushed into the peat and
underlying cohesive strata by hydraulic means.

Where possible, the in-situ undrained shear strength of the co-
hesive deposits was determined using an M.T.C. field vane, which has a
diameter of 2.8 in:, height of 5.6 in. and a 'K' factor of 20.

Details of the borings are given on the Record of Borehole Sheets
included in Appendix I of this report. The locations and elevations of
the boreholes, together with the inferred soil stratigraphy, are shown on
Dwg. No. 9107501-A,

The borings were surveyed in the field by personnel from N.W. Region,
Engineering Surveys Section. All elevations are referenced to geodetic
datum.

Samples were visually examined and classified at the site as well
as in the laboratory. Following this inspection, laboratory tests were
carried out on selected samples to determine:



i) Natural Moisture Content
ii) Atterberg Limits
ii1) Organic Content
iv) Grain Size Distribution
v) Undrained Shear Strength
vi) Consolidation Characteristics
Laboratory and field test results have been summarized on the
Record of Borehole Sheeté and are included under Appendix I of this report.
Regional Materials and Testing Office had carried out a soil in-
vestigation in April, 1974. Two sections, at Stations 231+7% and 244+75,
were common to both investigations. Reference will be made to the findings
of this investigation wherever applicable.

5. SUBSOIL CONDITIONS

(5.1) General

In general, the subsoil consists of 4 to 7.5 ft. of fil]
overlying a 6 to 14 ft. thick peat stratum which is underlain by a
clayey silt deposit approximately 50 ft. thick. This is followed
by a silt deposit.

(5.2) Fill Material

Fi1l material was found in all boreholes which were put
through the pavement or shoulders, The thickness of the fill
(including the pavement) varies from 4 to 7.5 ft. Beneath 6-8 in.
thick pavement, the upper 6-12 in. of fill material is well graded
coarse sand and gravel and appears to be granular 'A' which was
placed for the roadway construction. Below this level, the fill
material was finer in grain size composition and was found to be
essentially non-uniform granular type of material (sand cushion
and the old fi11 material).

According to design information, granular 'A' is underlain
by a sand cushion 12 t¢ 18 in. thick. However, at places, the
thickness of sand cushion in the boreholes appears to be greater
than 18 in. Below the sand cushion the old fill material, in



general, consists of silty sand.

Grain size distribution curves for various boreholes are
contained in the Appendix. A review of these curves revealed the
following range of distributions: (Figs. 1 to 4)

Location Gravel (%) Sand (%) Silt & Clay (%)
(Passing #200)
Severe long crack 0-20 53-77 9-24 (upper portion)
33-50 (Tower portion)
Little or no crack 0-20 58-83 12-30 (upper portion)

24~35 (Tower portion)

The above trend was confirmed by the Regional Materials
and Testing study.

Cross sections on Drawing 9107501-A show that the fill has
settled considerably, because it extends well below the peat
surface. The total settlement of 4.5 ft. of fill is in the order
of 2-2.5 ft., whereas 7.5 ft. high fill has settled 4-5 ft.

(5.3) Peat

Peat was found in all boreholes. In those boreholes which
were put through the road, it was overlain by fill. In three
boreholes which were put on virgin ground, it was found from
ground surface downwards. The thickness of the peat stratum
varies from 5.5 to 13.5 ft. 1In general, it was found that the
thickness of the peat stratum increases in a westerly direction.
The contract documents ( cont. 59-246, sheets 24 to 29) confirm a
similar trend.

The peat is basically fine fibrous in character. Occasional
wood pieces or amorphous granular portions were encountered in
some places. In general, peat is non-plastic. However, its
shear strength can be estimated from field vane tests because of
its non-woody character (9).

Results of field and laboratory tests are summarized below:



Under the Outside the
Roadbed Roadbed
Moisture content 192-537 % 586-757%
In situ vane shear strength 800-1680 psf. 200-600 psf.
Compressibility characteristics (Fig. 8)
initial void ratio (eo) 4,47-5.22 (B.H.'s 1 & 4)
Compression index (CC) 2.57-3.05 (B.H.'s 1 & 4)

It is believed that the field vane test over-estimates
the shear strength because of the relative size of the vane
(2.8 x 5.6 in.) and fibrous nature of the peat (10).

The above test results show that the peat is very com-
pressible. The reduction in water content and increase in shear
strength below the roadbed is due to consolidation of peat under
the weight of fill.

(5.4) Clayey Silt

A1l boreholes except borehole #2, were terminated in this
layer. Borehole #2 fully penetrated this layer and its thickness
in this borehole was 52 ft.

Atterberg limit tests were carried out on selected samples.
representative of the material. The physical properties obtained
from these laboratory tests are as follows: (Fig. 7 )

Liquid Limit 25~34 %
Plastic Limit 17-20 %
Moisture Content 25-40 %

These results indicate that the material essentially con-
sists of clayey silt of Tow plasticity. In two boreholes (#4 and 6),
at some places layers of silty clay of mediumplasticityand clay of
high plasticity were encountered. The deposit was found to contain
occasional silt seams also.

Natural moisture content was always higher than the Liquid
Limit, except in one instance.



Besides borehole #2 which penetrated this stratum fully,
two other boreholes (#'s 1 and 6) penetrated this stratum for
a distance of 30 and 38 ft. Field vane tests in these boreholes,
in general, gave shear strength values randomly varying between
800 and 1100 psf. with an average of about 1000 psf. This indicates
that the consistency of the deposit is generally - firm. In other
boreholes also, the consistency was found to be firm, although
some deviations were found both on the lower and higher side. A
comparison of shear strengths found in the boreholes on the virgin
ground and on the highway embankment revealed that unlike peat,
there was no increase in shear strength under the fil].

One-dimensional consolidation tests were carried out on
samples from the cohesive deposit. One sample from the clay
portion gave the following results: (Fig. 8)

Initial void ratio (e0 ) = 1.06
Compression index (CC ) = 0.31

The other consolidation test was carried out on a stiff
clayey silt sample. It was found to be Tess compressible as is
evident from the following results. (Fig. 8)

Initial void ratio (e0 ) = 0.888
Compression index (CC ) = 0.064

(5.5) Silt

Only one borehole (#2) was carried below the clayey silt
stratum and into this layer, which was encountered at a depth of
58 ft. Only one samplé was obtainedin this material. Laboratory
tests performed on thissample gave the following results:

Physical Properties (Fig. 7)
Liguid Limit 17%
Plastic Limit 13%

Grain Size Distribution (Fig. 6)
Sand 6%
Silt and Clay  949%
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The aboﬁe results show that the material essentially consists
of silt with traces of sand and clay.

6. GROUNDWATER CONDITIONS

Water levels were measured in open boreholes and are shown on
respective Record of Borehole Sheets. In the boreholes which were put on
the virgin ground the water level was found to be 3 to 18 in. below the
ground level. ,

In three boreholes put through the embankment, the stabilized water
level was found to be about 3.0 ft. below the top of the embankment. In

~other boreholes the water level had either insufficient time to stabilize,

or they were filled back due to traffic. It is estimated that the witer
Tevel in these boreholes was at a depth of 3 ft. approximately.

R——

7. DISCUSSION

(7.1) General

Prior to 1959 this portion of Hwy. 17 existed as a gravel
road with primed surface. It is apparent that gravel was b]éced
directly on peat. According to the Soils Design Report (August,
1958), this highway was built about 1 ft. above the prevailing
ground or swamp level and the primed surface exhibited some long-
jtudinal and transverse cracking. There are no records to indicate
as to how much granular was placed before 1959 and from which sources
it was obtained. In 1959 a decision was made to raise the grade
by about 2 ft. of granular 1ift and to pave the road to bring this
portion to the TCH standards. About 18 in. of sand cushion over-
lain by 6 in. of granular 'A' was used for construction. The

~ sand cushion used was at best border line material, was placed at
-well above optimum and often in frozen condition.

gt
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(7.2) Measurement of Heave and Pavement Cracking (1963-65)

Measurements of frost heave and width of cracks were taken
during the winter of 1963-1964 and 1964-1965. These measurements
were restricted to a small severely affected section near the east
end of this project. The precise location could not be pinpointed.
These measurements are plotted on Fig. 10 & 11.

An examination of the heave data clearly shows that the
entire embankment heaves up, with greater heave being recorded at
the centre than at the edges. Unfortunately, the data is very
scanty, regarding the progression of heave with time. Frost
heaving was slightly higher in 1963-64, although 1964-65 was a
more severe winter. "Ontario experience shows that repeated
freeze-thaw cycles at the beginning of the cold season will
produce large heaves." MWeather records show that 1963-64 had
more such cycles in the initial part of winter.

During the winter of 1963-64 three readings for the heave
were taken on November 19, February 25 and April 1. These readings
show that about 90% of the total heave occurred between November
19 and February 25.

The width of cracks was monitored more frequently. These
measurements show that the rate of opening of cracks was more
rapid in the early part of winter. This is particularly true for
1964-65 when almost all opening was reached by February 5, 1965.
The overall width of the worst crack was in the order of 10 in.
but the data shows that during one winter its opening increased by
about 3 in. In the monitored section the average increase in the
- opening of the cracks was about 2 in. (Fig. 11 ).

\Akl?ﬁféwdﬂﬁwl During winter these cracks were filled with sand. For
' m;ﬁif ) the last six years severely cracked portions have been filled with
R cold mix in the spring.

The data regarding the heave and the width of crack shows that
most damage (80-90%) is done in the early part of winter. This
indicates that the major source of distress lies in the fill
material which freezes in this period.

poled
o ¥
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(7.3) Data on Weather Conditions

Weather records were obtained from the Environment Canada
in order to compute the Freezing Index, i.e. the cumulative degree
days below 32°F. The nearest weather recording station was at
Raith, about 10 miles east of the site. This station came into
operation in November, 1969. The second nearest weather station
was at Upsala, about 20 miles west of the site. Temperature data
from Upsala was used for the winter of 1963-64 and 1964-65, during
which pavement cracking measurements were taken. Freezing Indices
for the periods 1963 to 1965 (Upsala) and 1969 to 1975 (Raith) are
plotted on Fig. 9. The plots show that the average Freezing Index
for the site is 3600 degree days. 1963-64 winter had a Freezing
Index of 3300, i.e. warmer than average and 1964-65 had a Freezing
Index of 4200, the coldest winter on the plot. The pavement
measurements taken between 1963 and 1965 appear to be representative
of the conditions prevailing over a long period of time.

The Regional Materials and Testing Office carried out a
soil investigation in April, 1974. Frost penetration depth was
also measured under the pavement during the investigation. It
was found that the depth of frozen zone varied from 5.0 to 9.5 ft.,
with an average of 7.0 ft. However, there was no relationship
between the depth of frost and the severity of pavement cracking.
1973-74 was an average winter with a Freezing Index of 3550 degree
days and the frost penetration as per MTC formula amounts to 88 in.
which correlates well with the observed average penetration.

(7.4) Distress: Causes and Mechanism

The primary cause of frost heave is the formation of ice
crystals which later develop into ice lenses in the soil mass.

A frost heave that is greater at the centre of the road
than on the sides, may cause bending and tensile stresses in the
road structure and result in cracking. If the roadway structure
consists of coarse grained material, it does not retain any water
in the pores and therefore, Tacks adequate tensile strength in
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both frozen and unfrozen condition. Consequently, there is a
risk of cracking in this case. It has been shown that in spite
of the fact that a very high strength of soil materials in frozen
condition can be obtained by adjusting their composition, this
strength is not sufficient to prevent the formation of frost
cracks in roads on account of the high stresses which are pro-
duced when the frost heave is uneven. (14) At this place, the
water Tevel is at a relatively shallow depth of 3 ft. below the
pavement surface. It has been shown that relationships occur
among rate of heave, rate of penetration of freezing front, heave
ratio (=rate of heave/rate of penetration) and water table depth.
At a single rate of penetration, deeper water tables Timited both
rate of heave and heave ratio. As the rate of penetration increased,
the rate of heave also increased. A high rate of heave and heave
ratio was observed for saturated soils with permeability greater
than 1 x 10”5 cm/sec. This was true for even pit gravel. (11)

A comparison of the rate of heave of pit gravel (non-frost
susceptible) and silt (extremely frost-susceptible) is shown in
the following table.

Depth of water table 2.5 ft.
Water content: Pit gravel - 7.9%

Silt -20.7%
Rate of Penetration in/day Rate of Heave in/day
Pit gravel Silt
0.10 0.047 0.080
0.25 0.055 0.110
0.50 0.090 0.150

This illustrates that even pit gravel will heave con-
siderably if its pores are filled with water. At our site the
investigation revealed that the moisture content of the granular
fill material ranges from 10-20%.

In our opinion the following sequence of events at this
site outlines the reasons for the distress of the roadway. In
the early part of winter snow melts and runs off to the shoulders.
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Depending upon the composition of fill material, this runoff
water may infiltrate under the pavement and get trapped into
pockets, or it may drain away from the road. Any accumulation of
water beneath the pavement will result in formation of ice lenses
and cracking of the pavement. Water getting into the crack
freezes when the temperature drops and the ice formation widens
the crack. Shrinkage of the pavement structure due to Towering
of temperature also helps to widen the crack. When the temper-
ature rises or when the road is salted, ice in the crack melts
resulting in s1ightly greater amount of water in the crack which
upon freezing occupies greater volume and widens the crack even
further.

As the winter progresses, the freezing front moves down-
ward and penetrates into the fill material. The water in the
voids in the fi1l forms ice lenses and causes frost heave. A
maximum heave of 11 in. was recorded in1963-64, but neither the
amount of frost heave nor the severity of cracking was uniform
over the entire stretch of the swamp. This non-uniformity is due
to soils of variable degree of frost susceptibility in the fill
which was placed at different times under different conditions and
obtained from different sources. As mentioned earlier, even non-
frost susceptible material can undergo considerable frost heaving
if its pores are filled with water and the water table is at a
shallow depth, as is the case at the present site.

On the edges of the embankment, and away from it,a deep
cover of snow retards the freezing front. The freezing front
penetrating through the exposed roadway moves ahead of the freezing
front from the sides and as a result, the entire roadway heaves
but the heave is greatest at the centre. (Fig. 12)

During the winter, cold mix or patch filler which was
placed in the preceding spring becomes loose due to the shrinkage
of pavement and frost heave that is greater at the cemtre than at
the edges.

This is then gradually removed by the traffic or snow
plough. Edges of cracks are chipped by the traffic or snow plough,
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contributing to the widening of the cracks. Sand used for filling
the cracks in the ‘winter prevents the cracks to return to their
initial position in the spring. The present width of cracks is
the sum of the cumulative effect of the above process over a
period of many years and does not reflect the damage done during

a single winter. (Fig, 13)

The drainage in the swamp is very poor and for practical
purposes, the water in the swamp is stagnant.

The drainage ditch south of and parallel to the road could
not Tower the ground water table as the ditch water level is re-
ported to be generally at the same level as the water level under-
neath the pavement. The effectiveness of the ditch was doubtful
from the beginning (see memo from Mr. L. Soderman to Mr.

J.B. Garrard dated Oct. 26, 1959).

8. REMEDIAL MEASURES

(8.1) General

‘ A review of the causes of distress shows that frost pene-
tration in non-uniform fi1l material of varying frost-susceptibility
and high water table in very compressible peat deposit are the
major contributing factors.

The following table Tists many possible remedial measures
applicable to the present site, along with the advantages and dis-
advantages of each. '

A combination of more than one alternative can be con-
didered as a practical solution.

The following constraints existing at this site play an
important role in the practicality and selection of a suitable
solution.

1. Any raise in grade will result in settlements. in the order
of 35% of the raise. Therefore, grade raise should be kept
to a minimum, preferably nil: It is not the stability, but

. the settlement of the embankment due to the compression of
the underlying peat which is a constraint. |




REMEDIAL MEASURE

1.

Realign the road,
riding the peat.

Realign the road.
Replace peat with
granular,

Excavate present
i1l and peat and
replace with
granular.

Excavate all fill

ADVANTAGES

Use of non frost susceptible
material will improve the
performance.

Existing road can be used

as detour.

Use of non frost susceptibie
material for the base course
will improve the performance.
Use of granular backfill will
minimize the long term settle-
ments. Consequently, further
improve the performance.
Existing road may be used as
detour.

Use of proper materials and
construction methods will
ensure satisfactory per-
formance.

Minor settlements if present

and replace with non grade is maintained.

frost susceptible
material.

DISADVANTAGES

Peat will settle excessively
and therefore, satisfactory
performance cannot be guar-
anteed. However, this may
be somewhat improved by the
use of synthetic fabric,
e.g. Mirafi over the peat.
Requires non frost sus-
ceptible material for the
base course.

Requires granular type for
backfill below water level
and non frost susceptible

material for the base course.

Requires excavation up to
15 ft. in depth.

Requires granular and non
frost susceptible material
as in the preceding case.
Requires excavation up to
15 ft. deep.

Requires a detour.

Requires non frost sus-
ceptible material for base
course. Frost damage may
not be completely elim-
inated because of high water
table. Requires a detour.

REMARKS

Realignment has to be to
the south. Subsoil con-
ditions along any minor
realignment will not change
because of the extent of
swamp.

Same as above.

91



REMEDIAL MEASURE
5. Raise the grade.

6. Use chemical

additives.

7. Heat the pavement.

8. Encapsulate the
fill in waterproof
membrane.

ADVANTAGES

Performance will be
improved.

Present fill material may
be utilized minimizing
granular requirements.

No additional settlements
if present grade is
maintained.

Eliminates heave.

Present fill material may
be partially utilized mini-

mizing granular requirements.

No additional settlements if
grade is not raised.

DISADVANTAGES

Requires non-frost susceptible
material for additional

£i11. Fill will settle exces-
sively and differentially.

Frost penetration (depth 9 ft.)

into the existing non-uniform
granular fill cannot be
eliminated without additional
fill of sufficient height.
Requires a detour.

Results cannot be predicted as
they depend upon a large
number of variables, e.g. soil
type, grain and pore sizes,
pore water chemistry, etc.
Requires an advance test
program to select suitable
agent and technique.

Very expensive and energy
consuming.

Requires a detour. Will not
eliminate frost heave, but
will minimize it considerably.
Requires strict construction
and quality control.

REMARKS

Settlements will be in the
order of 35% of additional
fill height. Settlements
can be somewhat reduced by
Tight-weight fi11. Not
advisable to raise grade by
more than 3 ft.

Examples:

Tetra sodium pyrophosphate
- a dispersive agent for
coarse grained soils (6)
4-tert-butylcatechol (TBC)
- a waterproofing agent for
fine grained soils (2)

Heating may be achieved by
heating elements or hot
water pipes.

If an acceptable construction
procedure is agreed then the
roadway may be dug, a water-
proof membrane laid and

fill replaced, all in a
continuous operation.

Ll



REMEDIAL MEASURE

9. Use insulation under
the pavement.

10. Do nothing.

ADVANTAGES

Very effective. Can eliminate
all frost if sufficient amount
used. Minimizes granular
requirement. Existing road-
way structure may be used.

One lane can be used for
traffic.

Does not require additional
capital expenditure.

DISADVANTAGES
Expensive.

May cause icing on
pavement,

Existing performance poor,

and presents hazardous con-

ditions for driving.
Requires extensive, constant
maintenance and repair.

REMARKS

Styrofoam, rigid urethane
foam or foamed sulphur may
be used as insulation.

The existing roadway does
not break up in spring thaw
and is structurally sound.

gl
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2. The high water table cannot be Towered because of the lack of
relief in the drainage system of the area.

3. Hwy. 17 which forms part of Trans Canada Highway, is the only
highway in this area and traffic must be maintained at all
times.

(8.2) Use of Insulation

A remedial measure which prevents frost penetration in
the fill would be effective at the present site. In our opinion
this can be best achieved by the use of insulation under the
pavement. Elevation where insulation is placed will have an
effect upon the performance of the roadway. The following ad-
ditional constraints exist in this respect at this site.

1. Insulation should be placed as close to the pavement as
possible to eliminate or minimize frost penetration into the
frost susceptible fill. However, the closer the insulation
is to the pavement, the more icing is liable to occur. This
calls for placing the insulation at a lTower level. This in
turn exposes the overlying fill material to frost action and
reduces the effectiveness of insulation.

2. Insulation should not be placed more than 2 ft. below the
present grade because of the high water table.

Design Considerations

The design Freezing Index in this area is about 4500
degree days below 32°F. If it is decided to use styrofoam then
4 inches of HI type will be necessary to prevent frost penetration
beneath it. The recommended thickness and width of styrofoam for
no-frost condition are as shown below.

o YT " IRG

. STYROFOAM

I 1
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Styrofoam can be placed directly on the existing pavement
or on granular material, as per current MTC standard.

If rigid urethane is used, it should be sprayed in 2 in.
thickness over a base width of 35 ft. as shown below. The re-
duced thickness is due to better insulation value of urethane foam
(K=0.13 vs. K=0.25 for styrofoam). Urethane may pick up some
moisture over a long period, thus reducing its insulation value.
This can be prevented by enclosing the urethane Fbam in a water-
proof membrane. The same membrane can be used to enclose the
fill placed on the insulation. This will prevent any infiltration
of water in the fill and increase the effectiveness of the method.

el |

2"

1"
| URETHANE  FOAM

This office contacted Witco Chemical Canada Ltd. who
manufacture urethane. According to the proposal submitted by
the manufacturer, a 2 in. thick layer should eliminate frost
penetration below it at this site. For estimate purposes a 2
in. thick foam will cost 67 cents per sq. ft. installed.
Enclosing the foam in a waterproof membrane will cost?ﬁdditiona1
10-15 cents per sq. ft.

The choice of insulation, i.e. styrofoam vs. urethane
should be decided on the basis of economic and other practical
considerations. However, urethane has a much higher R-factor
than styrofoam and it provides a continuous water proof film
which styrofoam lacks because of the joints.

The thickness of granular material required and the thick-
ness and type of asphalt pavement should be decided upon the
recommendations of the Pavement Design Section. Some asphalts
perform better in cold temperatures than others. All granular
type material placed above the insulation should be non-frost
susceptible.
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Depth Below Pavement and Related Considerations

In order to minimize'icing, it has been suggested that
there should be a 3 ft. cover of granular material over the
insulation. This cover can be provided in the following
manners.

1. Putting the ihsu1at10n on the existing pavement and raising
the grade by 3 ft. No stability problems are anticipated.
If granular material is used, then the total settlements
will be in the order of 12 in. where the thickness of peat
stratum is 10 ft. The settlements will be correspondingly
greater whére the peat is thicker. For 3 ft. additional
fill, it is recommended that the side slopes should be kept
4 horizontal to 1 vertical or flatter.

The settlements will be smaller if Tightweight fill is used
instead.

2. Alternatively, the present roadway can be excavated to a depth
of 2 ft., insulation put at this level, and a 3 ft. 1ift of
non-frost susceptible granular placed on top. In this case,
the final grade will be 1 ft. higher than the present. The
settlements will be in the order of 4 in. The settlements
can be reduced by the use of Tightweight fill material. The
excavation may cause some problems in maintaining traffic.

If increased incidence of icing is acceptable, then the
insulation can be placed on the existing pavement. A 12 in. Tift of
non-frost susceptible material should be placed over it before
paving it. The thickness of the insulation should be the same
as mentioned earlier. This will result in substantial savings,
because no excavation is required and traffic can be maintained
much easier by reconstructing one-half the width of the roadway
and leaving the other half open to traffic. The fill will settle
about 4 in. Some differential settlements will occur.

In Norway a 'top insulation' concept has recently been
used, where a new pavement is placed directly on the insulating
Tayer, polyurethane and polystyrene having minimum compressive
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strength of 114 psi at 5 percent deflection. This increases the
danger of ice forming. It was observed that a certain degree of
ice formation took place during the autumn which was offset by
"salting. From December on, the ice formation was more equal to
that of uninsulated road. (15) Consideration should be given to
its use because of its effectiveness and ease of construction.

(8.3) Grade Raise as an Alternate Solution

If the use of insulation as a remedial measure is unac-
ceptable for economic, icing and other reasons, then consideration
should be given to other alternatives. Raising the grade is
another alternative from a practical point of view which can be
used at this site. However, it should be borne in mind that this
method may not completely eliminate the frost heave and distress
of the roadway,but will reduce the distress.

The presence of compressible peat immediately below the
present roadway fill precludes the construction of high embank-
ments in this area due to problems associated with settlements
and performance of the roadway. It is important that post-con-
struction settlements should be kept to a minimum in order to
minimize differential settlements. Therefore, it is recommended
that the height of additional fill be restricted to 3 ft. above
the present grade. The total settlement under 3 ft. of additional
fi11 will be in the order of 12 in. where the thickness of peat
deposit is 10 ft. and will occur over a long period of time. |
Elsewhere, the settlements will be proportional to the depth of
peat. It is estimated that 50% of the total settlements will
occur within the first 30 days.

The grade may be raised by putting additional fi1l on top
of the existing fil1l. Alternatively, the upper 2 ft. of the
existing fill may be removed, good non-frost susceptible material
salvaged and reused. The grade can be raised by placing additional
fill. It is recommended that additional fill should consist of
non-frost susceptible granular type material. Side slopes of the
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embankment should be kept 4 horizontal to 1 vertical or flatter.
In order to minimize infiltration of water into the fill material.
the shoulders in this area should be paved. Moisture content

of the fi1l should be kept on the drier side of the optimum
moisture content during placement.

Lightweight fil1l material e.g. slag or bark will minimize
the settlements and associated problems. Bark can provide added
insulation against frost penetration.

Post construction settlements can be reduced by putting
surcharge and preloading the embankment. At this site, it is not
feasible because the road has to be kept open to traffic at all
times.

9. MISCELLANEQUS

Subsoil investigation for this project was performed during the
period of November 18 to November 26, 1975 under the supervision of
Mr. A. Prakash, Senior Engineer. The equipment used for the investigation
was owned and operated by Dominion Soil Investigation Ltd. and Dodds
Associates Ltd., of Thunder Bay.

Mr. H. Munford, Senior Soils Supervisor, Northwestern Region,
provided information regarding the history of the roadway.

During the preparation of this report, discussions were held
with Mr. A. Rutka, Manager, Geotechnical Office, Mr. W. Phang, Head,
Pavement Research, and Mr. G.A. Wrong, Head, Pavement Design Section.
Comments obtained during these discussions are incorporated in the report.

This report was prepared by Mr. A. Prakash and reviewed by
Mr. M. Devata, Supervising Engineer.

TR A AL Ao
A. Prakash
§%;i%r Engineer

5f. “oleﬂrft4ﬁzk
M. Devata
Supervising Engineer

February, 1976
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CFFICE REPORT ON SOIL EXPLORATICN

MINISTRY OF TRANSPORTQN AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE -~ SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 1
wp ___ 910-75-01 LOCATION Sta. 273 + 44 16' Lt. ORIGINATED BY _ap
DIST 19 HwyYy 17 T.C.H. BORING DATE  November 18, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY.,m..
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48.0 End of Borehole
1460

20
150-5 % STRAIN AT FAILURE
10




QFFICE REPORT ON SOIL EXPLORATION

' mnistey of TransporTAIbN AND communicaTIONS-ONTARIO [ )

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 2

WP 910~75-01 LOCATION Sta. 273 + 51 447 1t. ORIGINATED BY _AP
DIST 19 pHwy 17 T.C.H. BORING DATE  November 21, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY;:ggééggi
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. MINISTRY OF TRANSPORT.ON AND COMMUNICATIONS~ONTARIO .

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N9 3

QOF FICE REPORT ON SOIL EXPLORATION

wp_ 910-75-01 LOCATION Sta. 273 + 51 6" Lt. ORIGINATED BY _AP
pDisT 19 Hwy 17 T.C.H. BORING DATE  November 22, 1975 COMPILED BY NT
DATUM Geodetic BOREMOLE TYPF Hollow Stem Auger CHECKED BY m
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QFFICE REPORT ON SOiL EXPLORATION

. MINISTRY OF TRANSPORW.ON AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE ~ SOIL MECHANICS SECTION

RECORD OF BOREHOLE N¢ 4

WP 910-75-01 LOCATION Sta. 244 + 77 6' Lt. ORIGINATED BY _AF
DIST 19 Hwy 17 T.C.H. BORING DATE November 24, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE Typp Hollow Stem Auger CHECKED BY gl
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OFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORT.ON AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 5

e

WP 910-75-01 LOCATION Sta. 231 +87 5' Lt. ORIGINATED BY _AP
DIST 19 Hwy 17 T.C.H. BORING DATE  November 24, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY.A&gQ&_
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‘ MINISTRY OF TRANSPORT’)N AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N¢ 6
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DisT 19 Hwy 17 T.C.H. BORING DATE  November 24, 1975 COMPILED BY NT
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MINISTRY OF TRANSPORT‘N AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH- GEQTECHNICAL OFFICE - SOIL MECHAN_ICS SECTION

RECORD OF BOREHOLE N¢o 7

W P 910-75~01 LOCATION Sta. 232 + 01 49" Lt. ORIGINATED BY AP
DisT 19 HMWY 17 T.C.H. BORING DATE  November 24, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY &ﬁw
& IDYNAMIC CONE PENETRATION LIQUID LIMIT —eeme Wy =
SOIL PROFILE SAMPLES b RESISTANCE PLOT PLASTIC LIMIT we | = %
5l o w13 2o 4o 60 80 100 ]WATER CONTENT—W | Z i
ELEV ajw|w 3] 2 [SHEAR STRENGTH Wp W Wy Z | REMARKS
SEPTH DESCRIPTION 12| > | <] @ |O UNCONFINED + FIELD VANE ' - ' y
2|7 | ® | ® QuICK TRIAXIAL x tAB VANE | WATER CONTENT % o,
1515.3 Ground Level n pd Eiv 400 800 1200 1600 2000 20 40 60 GR SA 51 CL
0.0 :::: z
Peat
% IR 1 /e 757%
Fine fibrous e 1510fF—+sp+2 Drg. 90.2%
oo 2 | TW | PH
U + Szl'w.S
1504.8 vl 3 1SS 2
10.5 i S + s4{3
Clayey silt ¥ 4 =
5| ss | g 3% o
occasional silt seamq |/
4 >+
6 TW | PH
Stiff s +85.4
***** b 1490 +561 3
Firm v 7 58 3 =0
=
1485.8 / +s13.3
MR LR A
29.5| End of Borehole
1480

20
150-5 % STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTA.N AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N¢9 8
W P 910-75-01 LOCATION Sta. 244 + 79 15' Lt. ORIGINATED BY _AP
pisT 19 Hwy 17 T.C.H. BORING DATE November 26, 1975 COMPILED BY NT
- I3
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY it
SOIL PROFILE SAMPLES x JDYNAMIC CONE PENETRATION LIQUID LIMIT ———W, b
Y RESISTANCE PLOT PLASTIC LIMIT Wel 2 9
Ol « o 3 2040 g0 do 100 | WATER CONTENT—W | Z 5
eLEY alw| w | 2] 2 [SHEAR STRENGTH We W Wy = | REMARKS
SEPTH DESCRIPTION 12 > L] 8 o unconmnep + FIELD VANE ] - ' y
AR % e quick TriaxiaL  x 1AB VANE | WATER CONTENT % Y,
1517.1 Ground Level n Z 1 ELEV 400 800 1200 1600 2000 20 40 60 GR SA 51 CL
0.0 Fill N\ Estimatdd
Silty Sand >§ 11 881 22 0
1510.6 42851 8
6.5 Peat 7] 3l ss| e 1510 :
Fine fibrous ,,:,._, + S .3_,_5_5.5
1503.6 2 T
13.5) c1ayey silt,occasionaf J5.i 88 - H~ O
silt seams. 1500 FH372
/ + SB- 3
Firm 0 i L
I $3.]
1492~l '-:86‘
25.0/ End of Borehole 1490

20
150-5 % STRAIN AT FAILURE
10




QOFf FICE REPORT ON SOiL EXPLORATION

. v MINISTRY OF TRANSPORTA.)N AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - 50IL MECHANICS SECTION

RECORD OF BOREHOLE N2 @9
WP 910~75-01 LOCATION Sta. 231 + 86 19' Lt. ORIGINATED BY _AP
DIsST 19 Hwy 17 T.C.H. BORING DATE _ November 25, 1975 COMPILED BY NET
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY _mTlrerr
L PR A «  IDYNAMIC CONE PENETRATION LIQUID LIMIT ——W, =
SOIL_PROFILE SAMPLES E RESISTANCE PLOT PLASTIC LIMIT We x{%
Ol « il 20 4o dodo 180 | WATER CONTENT—w | Z 5
ELEV alw| w | 23] 2 [SHEAR STRENGTH W w Wy Z | REMARKS
BEPTH DESCRIPTION E1 2| > | €| 8 |© UNCONFINED + FIELD VANE ' - ' y
MR & | e Quick TRIAXIAL X LAB VANE - | WATER CONTENT % o,
1517.5|  Ground Level » Z | ELev ) 400 800 1200 1600 2000 20 40 60 GR SA 51 CL
0.0 Fill N v ™
Silty sand - o
1512.5 Y >< “; 2: “2* Estimatgd N ) w/c 194%
g Org.54,3%
5.0 Peat 45“ 1510 a4 l3 re
ol 3| TW | PR \’
fine fibrous s ( +84 43
~~l 4| ss| 1 \\
1501.5 " /:r $216
16.0 Clayey silt,occasiongl > | IW | PH 1500 o501
o »
silt seams. T ss | 16 i O
+ 6.3
Stiff .
7 TW | PH
1489.5 / 1490 P
28.0| End of Borehole
1480

20
159-5 % STRAIN AT FAILURE
10 '




OFFICE REPORT ON SOIL EXPLORATION

. MINISTRY OF TRANSPORTA‘)N AND COMMUNICATIONS~ONTARIO .

ENGINEERING SERVICES BRANCH- GEQOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 10

DIST 19 pHwy 17 T.C.H. BORING DATE  November 25, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY.:EM;_.
SOIL PROFILE SAMPLES %  JDYNAMIC CONE PENETRATION LIQUID LIMIT =W, =
o RESISTANCE PLOT PLASTIC LIMIT Wl 2 5
ol o« i 20 40 60 8o 100 ] WATER CONTENT_W | Z i
ELEV Zlw | w | 3] 2 [SHEAR STRENGTH Wwe w Wy 2 | REMARKS
SEPTH DESCRIPTION 12| > | <] 3§ |O UNCONFINED + FIELD VANE ' - ' y
AR % | e Quick TRIAXIAL x LAB VANE | WATER CONTENT % 5,
1516.2 Ground Level v Z I ELEV 400 800 1200 1600 2000 20 40 60 GR SA 51 CL
0.0 p111 i%g_l%eféije_tfo_yie_/\ Estimatéd
1511.7| Compact silty sand b4 1 ss | 12
b3 Peat e 1510
Fine fibrous A:Ufu
/\xv 2] 8%
1502.7 M) ss
13.5|Clayey silt, occasior4
silt seams. 4 | 88 1] 1500
1497.2 Soft /] 53.8

19.0 End of Borehole

1450

20
15-0-5 % STRAIN AT FAJLURE
10



OFFICE REPORYT ON SCiL EXPLORATION

. MINISTRY OF TRANSPORTA.)N AND COMMUNICATIONS-ONTARIO .

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 11

WP 910~-75-01 LOCATION Sta. 273 + 51 19" Rt. ORIGINATED BY _AP
DIST 19 HWY 17 T.C.H. BORING DATE November 26, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY -
o IDYNAMIC CONE PENETRATION LIQUID LIMIT W, =
SOIL PROFILE SAMPLES E |esstance pior bLAThe T e | = E
Ol ol 3 2040 6o do 180 | WATER CONTENT—w | Z 5
ELEV alw | w 3§ 2 [SHEAR STRENGTH Wp W wy 2 | REMARKS
BEPTH DESCRIPTION ol B P 3 | o UNCONFINED + FIELD VANE Y
el 2|7 | T | & |equick TRIAXIAL  x LAB VANE | WATER CONTENT % 9,
1513.1 Ground Level ) Z | ELEV 20 40 60 GR SA S CL
0.0 ¥ill Estimatid
Silty Sand r o
1508.1 Compact ; 55 12 %10 o}
5.0 Peat :J:J: 58
Fine fibrous o 3 29 3
1502.4 ops 188 | 3
10.7]Clayey silt,occ.silt [} 2188 2
1499.1] seams. Firm Vlle |ss 2 | 1500 fd 13

14.0 End of Borehole

1490

20
150-5 % STRAIN AT FAILURE
10



QOFF{CE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTA‘N AND COMMUNICATIONS—-ONTARIO

ENGINEERING SERVICES BRANCH-GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N¢2 12
W P 910-75-01 LOCATION Sta. 231 + 86 16' Rt, ORIGINATED BY _AP
DIST 19 HWY 17 T.C.H. BORING DATE _ November 26, 1975 COMPILED BY _ NT
DATUM Geodetic BOREHOLE TYPE Hollow S$tem Auger CHECKED BYE
\ A o IDYNAMIC CONE PENETRATION LIQUID LIMIT ———W, P
SOIL PROFILE SAMPLES E RESISTANCE PLOT PLASTIC LIMIT we | = (;g
51 . ol = 20 4o 60 80 100 | WATER CONTENT.W | Z
ELEV alw| w | 3] ¢ [SHEAR STRENGTH W w Wy Z | REMARKS
DEPTH DESCRIPTION ol B B 3 | o UNCONFINED + FIELD VANE y
| 27 0 & | e Quick TRIAXIAL X LAB VANE | WATER CONTENT % o,
1517.6 Ground Level Z Z JELEV GR SA St CL
0.0 ; iill . Ef&mmed
ilty san
1513.6 ‘ 1 ss| 14 .
4.0 LEry W/C 1924
Peat ool 2| ss 3 Org.45.97%
. \ ~ 1510
Fine fibrous Y
A
Ml 3| ss 2
1503.6 M 4] ss | o w/c 537.%
14.0| Clayey silt, occ.silty 5 ag 9
1499.6| S€4MS - Firm 6| ss | 4] 1500
18.0 End of Borehole
1490

20
15-0-5 % STRAIN AT FAILURE
10




QFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TR_ANSPORTI‘N AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 13
WP 910-75-01 LOCATION Sta. 263 + 35 5' Lt. ORIGINATED BY _AP
pDisT 19 Hwy 17 T.C.H. BORING DATE November 26, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE _Hollow Stem Auger CHECKED BY 1
SOIL PROEILE SAMPLES o IDYNAMIC CONE PENETRATION LIQUID LIMIT Wy b
& |RESISTANCE PLOT PLASTIC LIMIT el =
61 o 20 4o 60 80 100 | WATER CONTENT—W | Z
ELEV glw| w | 3] @ [SHEAR STRENGTH W W Wy 2 | REMARKS
BEPTH DESCRIPTION sl 2| > | <] 8 |o unconFineD + FIELD VANE ' " ' y.
o =2 I % | ® QUICK TRIAXIAL X LAB VANE - | WATER CONTENT % 5,
1515.0 Ground Level v Z 400 800 1200 1600 2000 20 40 60 GR SA S CL
2 0 ELEV
Y *“mr gravel Estimathd
Fill
Silty sand 1 sg 24] 1510 Q 11 60 (29)
1507.3 traces of gravel ) 58 20 o 8 54 36 2
7.7 Peat :EJZ 31 8% 2
Fine fibrous ,\?A';,u 4 88 3
1501.0 i + g3L7 L
14.0| Clayey silt, / 2 | S8 3) 1500
oce., silt seams + 5242
Stiff 6 $s 4
1491.0 ) 456.0
24.0 End of Borehole 1490

20
159-5 % STRAIN AT FAILURE
10



OFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTA‘N AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 14

wp  910-75-01 LOCATION Sta. 263 + 35 17' Lt. ORIGINATED BY _AP
pIsT_ 19 {wy 17 T.C.H. BORING DATE __ November 26, 1975 COMPILED BY NT
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY
= [OYNAMIC CONE PENETRATION LIQUID LIMIT Wi | =
SOIL PROFILE SAMPLES | & e TANcE PioT VAT -
ol « A 20 40 60 8o 100 | WATER CONTENT—W | Z _
ELEV glw|w 3| ¢ [SHEAR STRENGTH Wp w Wy = | REMARKS
DESCRIPTION El s > | <8 3 o UNCONFINED + FIELD VANE ' - '
DEPTH < > ul Y
125 | 7| & | auck triaxial x 148 vane | WATER CONTENT % "
1514.1 Ground Level W Z L ELEY 20 40 60 GR SA S1 CL
0.0 Fill Estimatéd
8ilty sand 1 1| 85| 14 v o]
1508.1 2| ss| ¢ P10
6.0 Peat L 3| ss 2
Fine fibrous i
PRl T iy gy BN N
. a iTt .silt
1560.1| seamsy . Firm VIl 5 | ss ——
14.0 End of Borehole 1500

20
15¢-5 % STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTAQN AND COMMUNICATIONS-ONTARIO

4

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 15

wp  910-75-01 LOCATION Stn. 263 + 35 17' Rt. ORIGINATED BY _AP....
DIST 19 nHwy 17 T.C.H. BORING DATE  November 26, 1975 compitep sy___ N
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY ‘
£l AM @ {DYNAMIC CONE PENETRATION LIQUID LIMIT oW o
SOIL _PROFILE SAMPLES & IRESISTANCE PLOT PLASTIC LIMIT e ] = 5
Of o o] 3 do_do do do 150 | WATER CONTENT_W | Z 5
ELEV slw| w | 2] 2 [SHEAR STRENGTH Wp W W = | REMARKS
SEPTH DESCRIPTION 212 > 1 g 3 | o UNCONFINED + FIELD VANE ' - ' y
o S| % | ® QUICK TRIAXIAL X LAB VANE - | WATER CONTENT % %
1514.0/  Ground Level » Z | ELEV 20 40 60 GR SA S1 CL
Silty Sand T sl X
1509.0 2 | ss 1510
5.0 Peat M
Fine Fibrous Ay
AW ¥
1502.5 3 | s
11.5/Clayey silt,occ.silt
1500.0| seams Firm 4| ss | 2l 1500 I
14.0{ End of Borehole

20
15 9-5 % STRAIN AT FAILURE
10




Wet /o, FFr-o-=44

UNIFIED SOIL CLASSIFICATION SYSTEM

. SAND GRAVEL
CLAY & SILT Fire B Mediom [ Coarse Fine | Coarse
100 MINISTRY SIEVE DESIGNATION 270 200 140 100 6050 40 30 20 16 108 4 ¥ W' Y 2“2‘/2"3;)‘
- /"'P
. i
v il 10

/ = ';:/
80 ,‘: / / 20

/' d
70 . - /,/ d /] - 30
,/// e /
O 60 / Vi ’4' 40
Z A a4
'.7) I’ l/ A/ /
< 7 %
i 50 //' / 50
& /. Y4, LEGEND
LA
% ' /1 / /// / BH |SAMPLE SYMBOL .0
4 5 2A
7 5 3A —_— —
30 ,/ 4 70
5 3B e —
20 / // > 4 - 80

10 // p—T" o
v"/
L et =
0 100
LU L] l l l L1 LT [T T T11
° s o 332 - “ m W oa 0.1 0.5 1.0 2 3 4 s 10 20 30 40 506070
[+ [=3 =) o Qo < [=] < o oo

GRAIN  SIZE IN MILLIMETERS

PERCENT RETAINED

Hansporation and GRAIN SIZE DISTRIBUTION FIG No 1
Communications W P 910-75-01

Ontario STA . 23 ] + 87

ENGINEERING SERVICES BRANCH (FILL MAT'L)




Qct 75, F©-5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SILT Fina I Modiom [ Coorse Fine | Coarse
100 MINISTRY SIEVE DESIGNATION 270 200 140100 6050 40 30 20 16 10 8 4 Yo' Wt Yt 2"21/2“3;
1 J
7 P
90 " » / / 10
P P / /
80 / A :/ 20
/ .‘/ d/ ’
L/ L/
/ 1/
70 o 30
7 p /
/ yd /
/' 1 / o
O s0 FARY4 V. 40 o
z )% 3
2 1,7 / 2
" s / A/ 0
z { NEy4 LEGEND 5
& /‘ / 4 BH |SAMPLE SYMBOL Y
o 40 / 4 TA 60 w
/ A
30 ’/; /L' 4 2A ’0
/’// f 4 2B | —— - —
g / 4 | 3B
20 / 80
i 4 | 4A ;
" S y
100
° L] I [ I [11 RN RN
g g g 8 8 g g 8 g g 0.1 0.5 1.0 2 3 4 5 10 20 30 40 506070
‘ GRAIN SIZE IN MILLIMETERS
Ministry of
@ T o o and GRAIN SIZE DISTRIBUTION FIG No 2
Communications W P 210 -75-01

Ontario

ENGINEERING SERVICES BRANCH

STA. 244+ 77
(FILL MAT'L)




Oct 75, FF-5-22

UNIFIED 50IL CLASSIFICATION SYSTEM

. SAND GRAVEL
CLAY & SUT -
Fine | Medium | Coorse Fine [ Coorse
100 MINISTRY SIEVE DESIGNATION 270 200 140 100 4050 40 30 20 14 108 4 St " Yt 2"2y2"38
, y’/‘
90 = m’/ 10
a7 /
80 _ // = 20
7
’ﬂ
.
70 / o 30
4 /
J 1
(ZD 60 ./ / 40
2
g /
b 50 V4 50
z / LEGEND
i Lo
v . BH |SAMPLE SYMBOL
o 40 80
/| 13 1
1 13 2 ————— —
30 L 70
A
/’
20 80
Py
g
i) t ‘/
St 90
___.n-"’
0 100
LT l I I [1] [ T 1T [0 b1
o e o 32 - “ o = 0. 0.5 1.0 2 3 4 s 10 20 30 40 506070

GRAIN  51ZE IN MILLIMETERS

PERCENT RETAINED

T o and GRAIN SIZE DISTRIBUTION FIG No 3
Communications W P %10 - 75 -01

Ontario STA 263 + 35

ENGINEERING SERVICES BRANCH (FILL  MAT'L.)




Oct 75, FF-5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
A
CLAY & SILT Fime I Medium [ Coarse Fine | Coorse
- MINISTRY SIEVE DESIGNATION 70 200 140 100 6050 40 30 20 1 1o s . ' R Y 2"2‘/2"3;
e gt g
/c " -
90 g d - / 10
P4 4
S / ,
/
80 / ,/ 20
/ / //
70 // 30
l/ 4
[
O s0 , // 40 &
< / / z
2 f s
Qq- 50 ] // 50 %
—
2 / // LEGEND 5
o« II // BH |SAMPLE SYMBOL ¥
o 40 ,- 60 w
1 // 3 |18 -
; _
30 L / 3 2 70
' 17 3 | 3B |————=—
/ rl
20 / A/ 80
/ 4
L
d/
10 P 90
.--"'/
0 —t T 100
EIRNII I [ L (1] LT LTTT [ [T T DI
o s 38 &8 - o ¢ w o 0.1 0.5 1.0 2 3 45 10 20 30 40 5046070
e & ©° o9 = °© © 3o
GRAIN  SIZE IN MILLIMETERS
Ministry of
@ T owtion and GRAIN SIZE DISTRIBUTION FIG_No 4
Communications WP 10-75-01

Ontario

ENGINEERING SERVICES BRANCH

STA. 273+ 5]
(FILL  MAT'L)




Oct 75, FF-5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
T
CLAY & siL Fine | Medium | Coarse Fine | Coarse
100 MINISTRY SIEVE DESIGNATION 270200 140 100 6050 40 30 20 16 108 4 RO N S L A 2‘/2"3;
forsont © - - y
R - / ,I’
90 / — '“”":,.r":j — 1
/ ‘.‘/—"‘" ;/ //' /
80 /,-- - /‘7 -~ A 20
paldn) e
AT 1 -1
70 A / 30
/‘// /
O 60 4 / 0 2
< y V/ z
@ /) <
b [
b >
w 50 80
—
z P LEGEND 5
g / BH |SAMPLE SYMBOL Q
o 40 % 60 w
N ] 1
30 / 8 ] 70
Q ]
9 2A | mm e —
20 80
" R IR 1
ot 90
s AT 14 ] -
.-m---‘'-""""""""'-"ml
0 100
LT [ l | L | RRRERE LT T T 1]
S e & 33 - o e won 0. 0.5 1.0 2 i 4 5 0 20 30 40 506070
=) o =3 o o < © =] © o
GRAIN  SIZE IN MILLIMETERS
Ministry of
@ T tion and GRAIN SIZE DISTRIBUTION FIG No 5
Communications WP 210-75-01

Ontario

ENGINEERING SERVICES BRANCH

FILL MATERIAL ON SHOULDER
(FILL MAT'L) B




Oct 75, FF-5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & Surt
Fine | Medium | Coorse Fine | Coorse
100 MINISTRY SIEVE DESIGNATION 270 200 140 100 6050 40 30 20 18 108 AR A R VY & 2‘/2"3;
’I
20 /l/ 10
)
/i

80 A 20

70 ./ 30
O 60 / 0 o
z z
2 / 2
g ”
. 50 so ©
z b LEGEND 5
%] ’ i
ﬁ BH SAMPLE SYMBOL :‘_;‘J
o 40 60 wa

»
30 v 70
)/

20 80

10 90

o 100

L 1 LT l [ I L1 [T l oI
] 8 § é § 5 5 g 2= 01 0.5 1.0 2 14 10 20 30 40 506070
GRAIN  SIZE IN MILLIMETERS
Ministry of
@ Transportation and GRAIN SIZE DISTRIBUTION FIG No 6
Communications W P 210 - 75-01

Ontario
ENGINEERING SERVICES BRANCH

STA. 27?4-51
sy




Oct 75, FF-5-21

60
50 yd
CLAY X
CH
40
* '
=
[
z
3:30
U
.
L7s]
;:.“' ct LEGEND
A yd BH | SAMPLE | SYMBOL
20 1 8,9 &N +
2 b &10 o
x 3 8 0
\ 4 748 A
@l/ 6 587 X
+ 7 587 L)
@ MH OH 8 58 n
10 . e 9 6 A
#0 1N 6 H
o / 13 58 =
: CL—ML§§ 15 4 @
ML \Sll 4/ ML oL
% 10 2 30 40 50 60 70 80 90 100
LIQUID UIMIT %%
@ ¥‘f:,'f;;{)ft;ﬁmand PLASTICITY CHART FIG No 7
Communications CLAYEY SILT W P 210 -75-01

Onta

o

ENGINEERING SERVICES BRANCH

(TO SILTY CLAY IN BH'S 4 & 6 ONLY )




FF-71

VvOID RATIO €

RATIO €

vOoID

VOID

RATIO -PRESSURE CURVES
JOB NO. 910-75-01

B.H, ]
SAMPLE 5
DEPTH 8'-1-5"
ELEV. 15050
Wy =
S'O WP =
W =463 %
€o = A7 Cg =z .
4‘5_*“_5_4_ s ) < 2:57
O
N0\\
4:0 N
N
N
35
Y
N \\
30 S
\\“ | \
"c‘-u._,
2'5
2045 10 10.0
PRESSURE TONS/SQ.FT.
PEAT
Q9
(o888 | | 1111l B.H. ‘
SAMPLE 9
DEPTH 18-10"
ELEV. 1494-4
WL = 33 A
B85 Wp= 20%
W = 30%
Ce = 0064
O,
oy
80
a\
™
75 b5 &S
BEb ¥ h“““awhb
70
03 1.0 10.0

PRESSURE TONS/SQ.FT.
CLAYEY SILT

FIG. 8

vOID RATIO €

VOID RATIO €

BH. 4
SAMPLE 6
5-5 DEPTH 10'-4-5"
| €0 215:202 | | . ELEV. 15070
WL =
5‘0 m\ \ WP =
\ W 2 535%
Cec = .
45 \ c 305
. \
0 \
35
Py
30 \‘\
'\\‘
T
2:5 moBS
20
04 1.0 10.0
PRESSURE TONS /SQ.FT.
PEAT
B.H. &
SAMPLE 7
1410 DEPTH 30-9"
ELEV. 14840
[ €22H060 | 1141 - w oz 69 %
1-05 = g Wp « 20 %
0,
N\\N W = 83 o/u
100 R\ Ce = 31
95 \
Q0 oy \
-85 Mad. S -
80
01 1.0 10.0

PRESSURE TONS/SQ.FT.

CLAY




INDEX °F ( DEGREE - DAYS)

FREEZING

1000

2000

3000

4000

5000

PERIOD
DEC. | JAN. FEB. | MAR. | APR MAY

i I 1 i

SYMBOL

——

T S—

—— S————

YEAR

1963 - 64

1964 - 65
1969~ 70
1970- 71
1971-72
1972-73
1973-74
1974-75

RECORDING STATION
UPSALA

RAITH

! | I | I ]

FIG.

CUMULATIVE DEGREE -DAYS BELOW 32°F

WP 910-75-01




20 9

2:0

]
15 [
1-0 10
05 05
0 0

PAVEMENT HEAVE WITH TIME
(TYPICAL SECTION)

FIG. 10

e NOV. 19, 1963
e e FEB. 25,1964
***** — APR. 1.1964
————— JUNE 5, 1964
— .—— MAR. 31,1965
--------------- JULY 91965

W.P 910-75-01



1963 }964 1964 1965

70 NOV E DEC i JAN | FEB MAR APR MAY | JUNE +f NOvV | DEC JAN | FEB MAR EAPR MAY | JULY

! | i | I ! |
Max Temp <] Max Temp ‘
Min Temp ' =
5 | Mm Temp —
L, MI A Wl L A/yl\ﬂ m 0 ”J |

P 14 W Vi -

- 1963 1964 1964 ] 1965

Z, . Nov | DEC [ JAN | FEB | MAR | aAPR | mAY | JUNE }I NOV | DEC i JAN | FEB 1 MAR | APR | MAY | JUNE |JuLy
o I ] I E | t k | ] | | | % | I
S3 e e T T T T —
o e RE Z - o —— i —— -~

Uz___ T AVED A ~ A—— \ s\\\ ——
- T~ e LESS SEVERE e—— e e e \\: e
o e

o

=

WIDTH OF CRACK vs TIME

FIG. 11 WP 910-75-01




| ¢
SNOW PAVEMENT |
COVER/ - -

;lCE LENSES"\

SR y TS e
T s e

e S e
e ——
e

FREEZING FRONT

MECHANISM OF DIFFERENTIAL FROST HEAVE

FIG. 12 WP @10-75-01




¢
| /SAND PLACED DURING WINTER

o' ,"- LV
We s *
LI .
A h
. v
)
—ap ¥
afe v
.

COLD MIX PLACED IN SPRING
e .
PAVEME %

N\ SAND

PROCESS OF WIDENING OF LONGITUDINAL CRACK

FIG. 13 \ WP 910-75-01



FF-A-241b} {Rev. Jun. 73)

° XXX

< o

=

My
Cv

Ce

Cy

$u

ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

S0il. PROPERTIES

UNIT WEIGHT OF SOIL {BULK DENSITY)
UNIT WEIGHT OF SOLID PARTICLES

UNIT WEIGHT OF WATER

UNIT DRY WEIGHT OF SOIL {DRY DENSITY)
UNIT WEIGHT OF SUBMERGED SOIL

e
SPECIFIC GRAVITY OF SOLID PARTICLES G —f!w

VOID RATIO

POROSITY

WATER CONTENT
DEGREE OF SATURATION
LIGUID LIMIT

PLASTIC LIMIT
PLASTIGITY INDEX
SHRINKAGE LIMIT

W~
LIOUIDITY INDEX » L WP,
le
CONSISTENCY INDEX * ,,V.fj.l;““‘f_’_
P
VOID RATIO iN LOOSEST STATE
VOID RATIO IN DENSEST STATE

DENSITY INDEX :"““‘ .

mox ~ € min
RELATIVE DENSITY D, 15 ALSO USED
MYDRAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE

VELOCITY OF FLOW

HYDRAULIC GRADIENT

COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UNIT VOLUME

L)
COEFFICIENT OF VOLUME CHANGE -m

COEFFICIENT OF CONSOLIDATION

COMPRESSION INDEX = —— B8

Dlog, U

TIME FAGCTOR = -‘:’g-;-w { d, DRAIWAGE PATH }
DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COHESION
INTERCEPT IN TERMS OF

EFFECTIVE ANGLE OF EFFECTIVE STRESS
SHEARING RESISTANCE, | 7¢» €'+ O fan ¢
OR FRICTION

APPARENT COMESION

APPARENT ANGLE OF
SHEARING RESISTANGE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

IN TERMS OF
TOTAL STRESS

Ty Cy+ O fon ¢

i
e

logaa or In g

GENERAL

= 31416
BASE OF NATURAL LOGARITHMS 2-7183
NATURAL LOGARITHM OF O

log,,0 OR 10§ @  LOGARITHM OF @ TO BASE 10

S XOMEY @ 4 Q<

2O @

o

TIME

ACCELERATION DUE TO GRAVITY
VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE

NORMAL STRESS

NORMAL EFFECTIVE STRESS (O IS ALSO USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO ( | 1S ALSO USED)

MODULUS OF LINEAR DEFORMATION ({ YOUNGS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOSITY

EARTH PRESSURE

DISTANGE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED WITH VARIOUS
SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS
ON WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

. FOUNDATIONS

BREADYH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIEIC GRAVITY. DEPTH AND COHESION ETC. N THE
FORMULA FOR BEARING CAPACITY

MODULUS OF SUBGRADE REACTION

SLOPES

VERTICAL WEIGHT OF SLOPE
DEPTH BELOW TOE OF SLOPE TO HARD STRATUM
ANGLE OF SLOPE TO HORIZONTAL
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'N'= STANDARD PENETRATION RESISTANCE -
12 INCHES INTO THE SUBSOIL,

ABBREVIATIONS & SYMBOLS USED IN

THIS REPORT ?

PENETRATION RESISTANCE

~ THE NUMBER OF BLOWS REQUIRED- TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCMES.

DYNAMIC PENETRATION RESISTANCE : « THE NUMBER OF BLOWS REQUIRED TO ADVANGE A 2 INCH, &0 DEGREE CONL, FITTED

TO THE END OF DRILL RODS,

DESCRIPTION OF SOiL

12 INCHES INTO THE SUBSOIL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW.

THE CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COHESIONLESS SOILS ARE DESURIBED

IN THE FOLLOWING TERMS @ -

CONSISTENCY

VERY SOFT
SOFT

FIRM
ETIFF
VERY STIFF
HARTD

c LB/SQ.FT.
0 - 250
250 - 500
500 ~ 1000
1000 - 2000
2000 - 4000
= 4000

TERMS TO BE USED IN DESCRIBING SOILS -~

TRACE < 10% , SOME 10-25% , WITH 25-40% ,

uu

cry
cip
cau
CAD

TYPE OF SAMPLE

5.8 SPLIT SPOON T W
W, 5. WASHED SAMPLE TR
5. T SLOTTED TUBE SAMPLE 0.8
AS. AUGER SAMPLE F.5
.S CHUNK SAMPLE R.C.

DENSENESS 'N' BLOWS / FT.
VERY LOOSE v - 4
LOOSE 4 - 10
COMPACT 10 - 30
DENSE 30 - %0
VERY DENSE = %50

> 40 % SILTY, SANDY, GRAVELLY, CLAYEY ETC.

THINWALL OPEN
THINWALL PISTON
OESTERBERG SAMPLE
FOUL SAMPLE

ROCK CORE

P H. SAMPLE ADVANCED HYDRAULICALLY

P M. SAMPLE ADVANCED MANUALLY

SOJL TESTS
UNCONFINED COMPRESSION L.V
UNCONSOLIDATED UNDRAINED TRIAXIAL FV,
CONSOLIDATED 150TROPIC UNDRAINED TRIAXIAL [
" " DRAINED " 5
1 ANISOTROPIC  UNDRAINED ¢
" " DRAINED "

LABORATORY VANE
FIELD VANE
CONSOLIDATION
SENSITIVITY
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Soils Design Report

Hwy. #17 (TCH) Raith Westerly to Poland 9.5 miles Proposed grading, culver-
- t8 and GBC Contract work Project 912-58, '

@surveys Profiles No. C 1221-1  Composite Soils JProfile 17 M 18.
C 1221-2 — s

- € 1264-2
General Data -

. —This-proposed contbact in Fort William district is situated about
%0 miles west:of the Lakehead on the Trans Canada Highway.No. 17.

The project involves grading in the Townships of Golding, Robson . &
Fallis, It is the only.remaining stretch of primed.surface.between Fort
William and Ignace excluding contract 58-147 which is at present under
donstruction, The limits are the west end of contract 58«147 (Sta 930£00)
in the east and the east end of contract 50-74 (3ta 1424400} in the west.

This project has previously been tentatively listed several times but
policy decisions on the method of treatment of the extensive swamps and more
urgent work elsewhere have delayed it until now.

No realignments are proposed and no earth excavation on existing
highway outside of ditching is proposed. The present gradeline.is.very.low
and the performance.of.the. primed surface.is.poor, An average of 24" of
granular is recommended throughout to correct these conditions, No struct-
ures are proposed on this work projects The present timber bridge at
Sta. 107049C will probably be replaced by a 20' x 8' concrete culvert.

Investipations:

The first investigzation concerned with this project was done in 1952
by power auger and depthe of gravel and fill material were determined at
that time, Hand soundings by peat sampler were cdones outside the roadbed
width to determine the depths of muck and the nature of the underlying mat.
A granular investigation was done in 1952 and brought up to date in July,
1958, An investigation. of possible borrow sources was done in 1955 as a
bagis for comparing the costs of "riding"™ or excavating the muck.

Performance:
%QﬁmRﬁﬁi?nﬁ primed“éurfggg_variés from 20! to 22! wide with &' should-
£rs. 4t ds.. aﬂgrqugd_thatvthe new pavement will be 22' wide, No actual

failures have been roted but small transverse and longitudinal cracks sore-
times occur, 'Egggbgggﬁ aq@dsegtlementg;ggsgggg;g the oiling and priming of
the surface each year and potholes are very much in evicence each spring,

Some very limited research was done by power auger this year in order
to predict the expected performance of this portion after it 1s paved.
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Two swampy areas further west of Poland chosen where depths of muck
and underlying soil type corresponded closely with those which are encount-
ered between Raith and Poland. Psat moistures and degree of decomposition

“of the muck were noted and compared with those of a typically good and a

typically bad area. The intermediate results.cbtained between Raith and
Poland _suggest that we can_expect_a_limited amount_of dishing & cracking

qﬁmﬁhe pavement but it will not approach. the poor performance noted west
of Upsala,. ‘ . . TTT—

..........

Physiography & Soils Data:

The whole flat ares was probably once.the_flood plain of an older.
counter part of the present Savanne River, It is composed of fine sand
afd silt now largely covered by from 5 to 10' of fibrous muck, Rock and
glacial drift outcrdps are extremely rare but where the Savanne River
approacnes the highway at Argon there are exposures of sand and silt.

The flet fibrous muskeg area is very imperfectly drained & free water
is gggiﬁle&aﬁwphemaurface_in”severalﬁlocations.\WThe“veg&tation varies
f¥5m dense. spruce in drier areas to sparse alders with lichens & mosses

in the wet areas, Alders are very prevalent in the ditch line, = -

The wwamps are too extensive to list (covering most of the length of
the project) but they are all quite fibrous and only slightly decomposed,
The ‘maximum_depth.of muck is about 15', .The natural moisture content of
the material is in the range of 250-450%..

g 1 3

bBorrew Materials:

Practically all material used on this project will be borrowed since

.\there is a negligible amount of acceptable ditching material and no cuts,

Three distinct types of earth borrow are available within reasonable
haul distance of the project.

1) Fine to very fine sand., Deposits are situated at Argon where 40,000
yards are available within one mile of the highway also at linko
where some 30,000 yds. are available within % mile of the highway.,

2)  Sandy loam tiil. Unlimited quantities are available at Raith and a
large quantity is also available at the west end.

- 3) Silty materials. These are available at Argon but use of this material

§o§ shouldering is definitely not recommended (see Recommendations
hle ~

Granular Materials:

Besides the earth borrow listed above there are three prospective
areas for granular materials,

Cp
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a) A very extensive granular area on Great Lakes Pulp & Paper company

property. Four existing pits are known. All have excellent available

access roads, - -

1) ~ 3 miles from Sta. 1150 up the Dog River Road. Some 75,000 yds.
of material suitable for uBC ™A™, ®B" and 5/8" crushed,

2) 4 miles from Sta. 1150 on the Dog River Road. 50,000 yards of coari
se gravel suitable for crushing.

3) 5 miles from Highway #17 on the Log River Road. 100,000 yards of
sandy gravel acceptable as GBC "B, ‘

4) 3 miles from Highway #17 at Sta., 947 on the Abitibi Woodlands Labore
atory road, A very large gravel area containing material suitable
for GBC ?A”, "B" & 5/8 crushed (This deposit probably is on Abitibi
property). ’ ' i

b) A very extensive esker on Abitibi road CP 118, 4 miles south of Sta,

- 947+ The esker is 50! wide & 10' high & contains sand & coarse

gravel, (A portion of this esker is in Block #2 of Grand Trunk
Pacific property and may not be controlled by Abitibi), Part of the
haul road here will require maintenance if trucks are used over it
but otherwise the access is in good shape.

¢) The only other known deposit suitable for use as GBC "B" is situa-
ted # mile north of highway #17 at Sta. 1112, It is believed that
some 25,000 yards are immediately available in addition to the firne
sand deposits mentioned earlier,

Pulp and Paper companies control the mineral rights to most of the
pits listed above and it is likely that they will request 10¢ per yard
for the use of any material from these deposits, Similar changes may
be levied for borrow taken from outside the highway right of way,

Gradeline:

A gradeline for this project was set by Soils Branch in 1953 but a
recently-taken series of cross sections initiated some further minor
grade raises, From 18" to 24" of granular are proposed over the exist-

ing road and_thisshould then provide a minimum 6f 36" above the water.

(tdble in the surrounding swamps. = M
BT ‘-m, #

No appreciable quantities of excavated muck are anticipated so that
no special provisions are required to cope with the problem of disposal
of the muck. The only muck excavation will be that required for ditching
This should be cast away from the embankment.

Constructiorn Features:

It was originally proposed that the centre line should be shifted
507 transversely and the muck could then be excavated without interfe
ering with traffic. Extreme shortage of swamp backfill material has
resulted in the abandonment of this treatment., Planning Branch has furth.
er proposed a shift of centreline to maintain the north ditch line,

o
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Since this ditch line is completely overgrown (except in limited
lengths where some recent maintenance work was carried out) no advantage
in main‘aining tts present location by a shift in centre line would occur,
A major disadvantage in any centre-lire shift would be that a portion of
the new section would be on the existing highway and a portion on virgin
_ .muske‘g. This would present a serious soils problem.

M .
& TR

Recommendations: : cﬁf;wﬁﬁ*”gﬁﬁﬁﬁﬁ@gﬁg
5 5@” ;§M§ PR

1) It is recommended that the contract be called as GBC Class "nn %ithrgw
6" of GBC Class "A", R

2) It is recommended that the present centre-~line be maintained, lfﬁ;ﬁ

3) It is recomnended that granular only be used for 28! ceptral_core,
4 k)l .1dM£§m@§Mcwg%’§@mnmdwe,gmmm nly.acceptable earthuaterial be used for
shiouicering. T o
57 Shoulder material s chiefly non-cohesive, hence French Drains should
be used in sags only, unless the enginmer decides more are required,

Existing ditches should be grubbed to remove as much living vegetation
as possitle btefore any grading is done,

A special section ?see attached sketch) is recommended for use between
Stas 980 and Sta., 1104 and also between Sta, 1328 _& Sta. 1424, The_areas
involved are frequenplyw;nundatedwandWiﬁmiamtherefore\proposed that an
auxiliary gradsd ditch be constructeds It is further proposed that offtake
@;nggﬁmpqmphe;roadsidq ‘‘‘‘‘ ditch be dug at 500! intervals, This special treate
ment will only be used on the couth side of the highway (away from the raile
road) but if distances between transverse culverts exceed 1000! acdditional
culverts should be placed at every second offtake ditche
8) Close cut clearing could te used in lieu of grubbing in the muskeg
areas, :

?)  All excavated muck removed from ditches should be cast beyond the
‘Ikﬁgﬁges(gnd ““““ levelled out,” "It should not be brought against the backslopes,
10} Due to the aigh seidity of the water (pH 4.5 to 5.5) all CIP's used

should be asphalt coated,

11) a) A 20" x &' concrete box culvert is suggested for use at this Sta.
1070490, The subgrade material is a fine silty loam and no foundation
problem exists, ' :

b) The culvert at 3ta. 1228/00 should either be a flexible type cudvert
(multiplzte if necessary) or a piled structure since the foundation mat?'l
tends to be soft, “

¢c) The timber structure shown on.the profile at Sta. 1405480 has since
been replaced by a perfectly adequate concrete slab on timber piles & rock
f£ill, :

12) All compaction will be by &M layer method. Where bouldery tills are
used for shoulcering boulders shall be bladed out into the slopes and the
Egﬁgﬁgfgfggg;@aggr;@;;cp@ﬁgqﬁed;;f”“”w‘WM”W oux e O PES N4 LD

i

‘ A.C, Powell
ACP/c1 Soils Engineer
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Memio th__Mre H.D. McMillan Date ___ jugust 15, 1954,
Assistant Rd, Design Engr, Subject Re: WP 912-58; Raith to Poland;
From Materials & Research Section Hwy. #17 TVH '

Attached find the solls design report for this project, Composite
cfoils profile 17 M 18 is also included. ,

This project transverses a muskeg deposit (from 5' to 10' deep over
7% miles of its entire length. Considerable discussion has taken_ place
since the first soils work was done 1952 as to the merlts of shifting
Ehe centre line agdqcurrjlng out complete muck excavation or of riding
thammpck ing the existing centre-line, It has now been decided to
ride the muc prqx&dxng the precent . centre-llne is maintained, This dec-
ision is Yased on th ,followxng factors* (1) Larve Juantities involved ”
coupled with a shortage of backfill material) (2] Fair performance of
existing rface, and (37720% to 50m,ﬂompr6381on of existing muck strata.
v 15 ”“"hat no failure will occur in_ toe. future. and that performance
i tolerable limits, "It is proposed to keéep this portion
of hlghway under-eritical observation in order to aid in the establizh-

{, ment of a "muskeg policy".

Grading on this proposed project will be lizited to fill with no cut:
except for ditching. The grade line has been.set so that there is a cont.

inuous..GBC "3" fill section throughout for the 28! central core, This
&epth of granular averages about 24" in depth (1nclud1vg o™ ror GBC AT,

It has been found expedient to include a special lateral dltch, over
a portion of the project, to carry the large amount of water which is

found to drain from the adjacent swamp and is now being carried by an
inadequate ditch, :
cet HoA. Tregaskes.- Acting Materials & Research Engr.
R.A. Panter -
JeBs GCarland
H.A, Mantle- *wé?
HeW., Hurrell- Per. -/ “ﬁfig’ e &
A, Gray .
W. Eidell - T, J. KOV ch
T.Js Kovich _ Soils ineer
A.C, Powell s~
File
TJK/cl
" . —




ATTINTICND Hre W. ¥igle

& o J‘ﬂ.xﬁariﬁnd. , Cotober 26‘ 1659

Pistrict ingineer, : e

Fort ¥illiam, tntario. _ Contrs 59=25% Fuy. 17 ICH
© Peith to ioland peciel

Katerisls & Resoarch Ditch Sections.

Cur orisinal desien pecommendation on this contract proe
viced for two sections of relicf ¢liching. The SuELErlY SUCtw
ion, from sta. YO0 to sta 10600, intercents weler Iven
the sworby &rea L0 the southe Ielore cenatruztion of the raile
rond pnd bDirhway crades this watsr peresletod 1o whie north inte
Ladth (rooke LOUEY present comiiticng, Lowever, nirk punciis
connot o t1is since there cre inswiiiclent culveris and The
lateral relief citch to the south ¢f the hivhway 18 reculred
to intercort this witer and lead it into xafth Cresk ot ota
1071400 where 1t crosves the highws¥e

The other Pinecial Jection® runs {ron station A328500. 10
zﬁ&&émﬁml}&&m&ﬁq Trim diteh wed gRLinsd ped Ppes the cupeaco of
Yevorin. the vater Tobde Ao 10y (el e e Jmutayr hog Tussle
fevad the wision of Liis, here 19 8 aehool of thousht thet
with & lowered ssber tzble In wuskern, cecorresition sy foliow
with & presulting decrense in sLyenrthe )  ThiZ watry walle could
pot Lo lewered sporeciably enyway becouse ©f the bloowe a Ly
vorptntion of thves ponesscs Lronsverse channols wnleh uere
comstructed to foed water inte the lavanne (ivers  ILor oue
considerotion it coes nol wr ooy Lhoat the towerine o the wetelr
CEUTE SN ﬁ'Xﬁ”@ﬁﬁ%ﬁﬁiﬁxwﬁﬁwﬁﬁ%”ﬁﬁﬁﬁwﬁﬁwrﬁfmﬁnﬁﬁ“af”%ﬁiﬁ

i
"
it

N
et

Priefly ther
stetion L4700 38 oo lutely Ll ]
ten Srod Lie LoUR {eriorhed unter Lhe 1rehe “Che
Svewnts are proponed dor iny of the tronsverce oif-take
5 in this orod et tho west end elthers

~fros stetion 1320900
5  envid be

{me point that should be streszed is that the ditch at
the east end shovic le reintained st least 75 feet irom cenires
line where rosziliies

Le fodeprnan A
reineinsal Joils & Foundstions (8.

oy

B ’_) )
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Cos Wwﬁg Tenater Selly yﬁ%ﬁl&,
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ATTENTION: Mr, W. Wigle | -
¥r, J.B, Carland, October 27, 1959

District Inginecer, A :
Fort William, Ontario. Contr, 59-254 Hwy. 17 TCH

. Raith to PolandeSulitability
Materizls & Rescarch Section. "~ of Granular Material.

I have had cause to inspect the zbove contract twice in
the past week, once in company with Mr, Panter snd once with
¥Mr, Wizle. Cn both occasions the guality. of material coming
from the pit ‘&t irgon, edjacent to luekaks's camp, left a lot
to be desired, Of the eleven samples. taken to.date, nine
have proved unzcceptables It arpears therefore that the majw
ority of the material being usec cocs not pass cpecifications
znd this is made apparent ofter rain. The present working is
by dregline with a 3 foot face and I cannot susgest any core
rective measures which would result in the produetion of zCe
ceptable sand cushion, I tested a much smaller area immedi-
ately adjecent to Muskaka's camp and this 1s rather cleaner
material which meets our specification. I advised Mr. Cold-
well of this today (Oct. 26/57) zand he will allow the contrae
ctor to use this material.

¥r., Wigle and myself temporarily suspended any use of the
main pit for sand cushion rnd I would susgest that this pit be
condermned, Admittedly a longer haul will be recuired but I
believe that better road poriormance would result with the use
of better material.

With respect to the present use of GBC "A" which iz being
tailgated to maintain the rrade, I feel that a large over-run
will result unless the applied cuantity is reduced, or the
grade sheped before addition of GEC "A". lo boxespreader is
available for use at present and we feel.thut.no-apprecisble
quentities of 'GEC TA" should be placed without the use of one.

| Q-QEM@@\%

. ) Aoct Powell »
ACPicc Regional Socils Ergineer.

CC: Taﬂ?u Kovich
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Br. M. Sinclair, April 19, 1960
Conatruction Inginecer, ‘

Fert villiam, (ntario. \ Contract 55-246
Materinls & Hesearch, F.W, v Raith to Poland,

This contract was inspected teday in company with Hr.
Caldwell snd fre Meluzynsky. Lost vear's gradinz pes rather
ra patehwork affair and about S0 of the work wis eencontroted

on building o cﬁntral core, ont of the sand cushion uzed
was borderiine in ouslity ond well above the entimun woisture

for cmmy&ctmam¢ ;h@ meterdsl ploosd in Lﬂhwh{r rrodueed Drow
biemz of troffic msintenance but by lHovenmber the sund cusoion

i fr@e“inw 88 rwaccu* _ﬁhﬁ ”rmﬁm,rW%a:n&ﬂ f}o%an over the

T that ?%ﬂ *Tﬁ%&miu lrgmnmﬂyxmxmmmmmewaum,ﬁm ihﬂwﬁrﬁh&ﬁ
the voter is sat “the $Ills eenlne.che oboence.of corth
widenine ana s! : atal in %*nLNM;'
igngoonl ning - Teuabion core, sraiiic
FOE~Trenuenily to nove “suteide of Lhe core in order to
pass oncerine treffie znd the outer v“eeim shove the sand cushe
iﬁm naterial over the slones. It v also physically inpossible
to conract noar the ed1iS. ’

g

it the wresent time most of the contractors effort is beiag
expended on maintenance of the mund cushion zrudes Tha Lender
nuamuity ol LU MAY i likely to Lo overrun ior tfia resSh.
{(7his wos olso notod In our Jetter of Getober 27, 1Y “9). “he
send cushion naterisl 48 beine raded btack and f@“zz in an offors
te reduce the molsture contents dutting i not Lo severe as yeta
It ic syreeated thet no oore ssnd ewechion or m@;ﬂwﬂi” be
kruled; except whore rnwawram to meintain trailicg uwmwﬁ ;
i:lﬁ‘“ ”"iﬁjz._gfm inc is eomidetsd over the remsdng ¢~r ol t,,hc _oun
GUL TOHCE LIe NOL PROLLLLIE Lo ?QCwﬁ Gt prese
a“a no rrﬁvu" hordehiy phould result as far ss the conirs e Lor
is concerned, “he &ﬁmn Lﬁer weulld e oh”* w¢ to do bids LY.

20y 4F we enloveed UG Jorm 0200 Tectien 21k, (nder the foupre
feot layer nothod of au=yzwtmwﬂ it mnaawaw“un ng seeount will
the Contructor be alloved o con truct & cove throuch the

erbanknent and conirlete the £i3 ﬁv gilte dunping®™, Uncer the
pix-fneh loyver compoetion method it s ates, TIn the case of
side {111 or cleopins socticns, the low rorticn shell bo CUfte
structed as above until & lovel cronsescotion is obtained"s)

A
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qgaxr at& ad ,tp ﬁ?wr n R

m&c 1& v:¢an 2 hm agrth
am¢8 Q&ﬁkﬁﬁﬁu bsioot roller

methcﬁ Oﬁvrnmp@vz,gnw s G ”LL&MQﬂ~&H£ﬁ The ﬂihﬁ%iﬁﬁ
@S be Ouh] the ﬂnﬁwﬂumﬂiﬂln in
LEE Present circumstances A hmhxxwwwhuel roeller could not Le

operated on ‘the earth shoulders now being placed,

The draoinace diteh at the esst end arpears to Le functione
ing wells o inundation of the highway has occurred this spring
a8 it 4id in oreceding years.

Frdefly then, it iz surzested that the carth widenins be
krousht up to the level of the send cushion, sraded to & good

cyown and comrzeted before sny more sand cushion or UEG "a”
is plased,
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L-C. A.C.Powell

i

¥r, H. Tregaskes, April 26th, 1960.

Construction Engineer. | B Re: Hwy #17. T.C.H., Coatract
&+ Rutka. | I 59~2h6. Raith to Foland.

You will recall that we had a short dicussion recently
in canaﬁctian uith the construction of this section of road,
wnich traverses for the most part muakez terrain.

'~ The contractor commencusd oporations lust fall, ganerally
with material from a very shallow wet deposit. The materials
were borderlins.at.best and,. inﬁﬁﬁﬁwmﬁﬁ§he0f the matmrial did
ot m meet our. specifications,,

I have since received a copy of 2 letter dated Anril 19%h,

1960, from ir. Powell, our Heglonal Soils Engineer, to ifr.

Sinelalr, Conatructlon Mngineer at Fort Willlon. I oo zending
herewith a cony of this letter, along with a copy of a letter
dated Cctober 27th, 1959, ard a cvopy of our Soils Construction
Heport dated Spril Yth, 1960, prpared by . Fowell.

It Is indeed unfortunate that proper embankment cone
gstruction wns not followed here, hecause as you may know there
was a very big decision that had to be nmade as to whether the
muskeg should be excavated or ridden. 4 _poor quality job

could result in a poor performance, even tnauvh the riding. of
the nuskeg may not have a direct bearing on_ tha performanca.

Your attention is also diracted to the fact that a con-
siderable over-run in Class "A" can be expected, due to the
fact that the road was paintained during the win*er and soft
spots wlll occur which will require some treatment before the
contractor gets started thils spring.
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A. RUTKA v

A/daterials & Recearch Engineer pmnlo*w“y*" e
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c.c. A.Powell. T. Kovich. L. Eadie. File. ti&*i
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SOILS CONSTRUCTION REPORT

Contract 59-246 (Final Report)
Highway 17 (TCH) 9.5 Miles

_ Raith to Poland
Grading Culverts and CGranular Base Contract
Contractor: Muskoka Construction

Construction Supervisor « F. Caldwell

Project Supervisor. « N. Maluzynsky
Inspectors - R. Baker, R, Milne and
\ : J. Nicholetts

GENERAL DATA:

This Contract was awarded to Muskoka Construction
in September 1959, Last years work is described, rather
griiécglly, in a previous Construction Report of April

e ‘ _

’ . D TR

Work recommenced on this Contract~éarly in April,
1960, while the sround was still frozenTEarth borrow..
for widening wass. hauled and the sand cushion haul started
a Tittle later. ”
e _

Most of thelGBC "A™ afid 5/8" crushed were placed in
the months of May,iJifie and July. -

" This Contrsct was completed on July 23 and there
vere” still 32 working days left at that time,

] The construction methods were inproved scmewhat,
but -the Centrzetor still persisted in core construction
ahead ol his widenins overation, The chiefl damage Toww
EVEF, had alreacy been done last year.

- DETATLED CCNSTRUCTICH METHODS:

a) Clearing, Grubbinz and Stripping

This was all done last year but some clean up of the
richt-of-way wss completed this year., This clean-up ine
cluded removal of surfece boulders.

| b) Culverts

All the concrete culverts were completed last year
and are covered in last year's report, However, the box
culvert at Sta., 1312+35 settled about 6 inches this sun=
mer.. In a letter of lMay 19, 1960, we explained that

D b v e s . e




this could have been due to frost leaving the foundation
after heaving the material under the 0ranuldr pads

Only a few flexible culverts were installed this
yvear., The remainder were either placed last year or
cancelled., The following equalizer culverts were can=
celled at the request of Mr. Panter:« Sta. 980+400; sta.
990+00; sta., 1000+00; sta. 1010+00; sta. 1019400; sta,
1040+00 \sta, 1050+OO- sta, 1061*00 sta. l35h+00, sta,
136h+00' sta, 1383+00* sta. lh16+00.

A minor failure occurred on one of the CIP's where
the widening portion of the fill bad settled induly. The
end 10' section tore out of the c¢oupling. The section
had to be dug out and reinstalled, HNo further trouble
of a similar nature has been noted.

¢) Cut Excavation

All the cut widening in earth was completed last
year but the rock cut at the east end was not touched
until this year. The rock widening was taken out in
April, 1960 and a frost hcave at the easternmost tran-
aition point wns subeexcavated at the same time., This
sub-excavation was backfilled with sand cushion. The
work was recommended in a letter of April 20, 1960.

Additional subeexcavations were required in the
vicinity of sta. 1213+00. . About 250 cubic yards of
materisl were sub-excavated here; the recommendation
was made in a letter dated May 19, 1960,

d) Embankment Construction

This was the worst feature of the Contractor's ope=
‘ration and most of his shortecomings were summarized in
last year's "Soils Construction Report".

, This year, work commenced at the west end, with the
widening material being placed where the road_was up “to
sand cushxon FYEae . Lom@ver. by the time the widening
ogeraﬁlon reached the east cnd the_road wes up to sand
cushion.grade. (abe colour slices on file at Lownsview).
g g

Compaction was not attempted until the widening was
completed, At this stage, a wobblywwhenl roller was uséd
ofi Lhe sHoulders, Compaction of the surfice was quite
good but settlements of the shoulders will obvious lj oceur

W%'h t il&%ﬂ o

About 140,CC0_cubic yards of earth borrow“has been
placed on wmdenlnv most_of this was_hauled by Fuclid or
scraper. “{Only llé ©C0 cubic yards were estimated. The
oVerrun can be attributed to consklidation_of the virgin
miskeér undér the £111 Widenlng)»

i BT O, i, S W




e) Swamp Treatment

No swamp treatment was done. The easterly "Special
Section" was completed in April and trimmed up in July.
The deep ditch appears to be very successful andcarries
runoff away quite quickly, thus keeping the water table
low, (The water table previously was at the old road
level quite frequently). , '

At the west end a similar drainage ditch was cancel-
led at the request of Mr, Panter. In the vicinity of
sta, 1385+00 the water level was checked as suggested on
P-8 of last year's Construction Report, Cn September 8

we recorded the water level within 18" of “centreline pgrade

BYEF 4 600 foot section between sta, 1382+00 and 1388400,
This suggests that perhaps the special ditch may yet be

dug in order to lower the water table,

Ditching throughout was done at the request of the
District Engineer., This was not called for in the Contract
gfid"wes in Tact definitely discouradged by our“section. Howe
éver, Mr, Panter agreed to this ditch; with reluctance, I
an led to understand. The ditch material, which was mostly
organic in character, was dragged back to make'a 2:1 or 3:1
slope. TFinal ditching quantities agreed quite closely with
tonder Guantities, - SRTEES AL =

GRANULAR MATERTALS:

7
/

About 807 of the sand cushion had been placed last
year. This year the Contractor commenced hauling sand
cushion from Linko pit but after depleting this, the natew
rial was taken from pits 1 and 9., The_ sand cushion_was
placed core width with year also snd frequently this Spring
the materials were well above optimum., HNearly all the sand

- cushiion was placed By the middle of May 1960,

Compaction of the material was achieved by means of a
wobbly~wheel roller..The sand cushion was chiefly end dum-
ped by trucks and bladed to 6" 1lifts using a grader. Host
of the difficulties in handling treffic occurred last year
but some” of “the material placed this year was also well
above optimum moisture and this led to_ problems.

153,000 tons of sand cushion were placed. The tender
estimate was for 208,000 tens; an underrun of 53,000 tons
(or 257). The underrun was probably chiefly due to the
high conversion factor of 1.9 tons per cubic yard which
was used for the sand cushion,

At the tire of commencement of operations this Spring
very little GBC "A" had been used as GDBC "A", About 10,000
tons were stockpiled in pit #1 but this material was not
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accessible until July; when the haul road was passable.

The Contractor commenced crushing GBC "A"™ in the 3
mile pit on the Dog River road in April and switched to
production of 5/8" crushed in July. The main haul of
GBC "A"™ did not start until the middle of May 1960.‘

The material was placed using a box spreader and
compaction was good.

The 25,000 ton overrun, 30% of the tender quantity
can be attributed to the need for maintenance gravel late
in 1959 and in the Spring of 1960. (Attention was drawn
to this misuse in letters of October 27, 1959, April 19,
1960, the 1959 Soils Construction Report and a letter from
A, Rutka to H, Tregaskes., )

g) Shouldering

Shouldering materials varied from boulddry.till.to
fine sand and weg similar. in character to the fill widen-
4757 In_actual fact the shoulders were placed at the
same time as the £ill widening. "That is, after the sand
cushion core was_completed. All thé material was hauled
f?am borrow rits by scraper and. euclzd,wsome of_the hauls
wére quite Iong, ,

Very few french drains were provided, there does seem
to be a tendency Tor slight dampness agaanst the shoulders
after rain but no distress has so far been noted.

The crushed sravel wes placed on the shOulders at the

same fimé as it was placed on the roadbed.

Shoulders were well compacted at the surface but no

' compactlon was, applied,tc the fill widening beneath.

COMPACTICN:

Vobbly=-wheel. rnllers were used exclusively on this
contract for compaction. HNo compaction. checks. mere taken
gawghls contract.

Compactive effort on the sand cushion was good but
much of the material was compiocted at molsture contents
well above the optimum. Compaective effort on the GEC "AY
was also quite good.

 Compaction of earth borrow was left until the mate-

ria) vas up to prace. 848 hours of wobbly-whcel rental’

were paid while 125,000 cubic yards of borrow and cut
material were moved.' This gives well over tae specified
125 cu. yds. per hour per cmmpaction unit. In other words
insufficient compaction.
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BORROW SOURCES:

. \ ~ There were 116,000 cubic yards of borrow used on
this contract,

Pit 73, has not been used this year.
- Pit_#2. At Argon (Sta. 1264+00), This deposit of fine

aﬁﬁﬁ%? sand was used extensively at the west end of the
project., »

Pit #6. At Linko (Sta. 1111475). The bouldery material
— west of the gravel pit was used fcr earth borrow.

Pit #5, (Sta. 1145+00) depleted last year.

Pits 7 & 8, Two small borrow pits south of sta. 1064400
were used on the east end of the project.
Both contained fine sand.

GRANULAR SOURCES:

' Pive sources of sand cushion were used on this
Contract,

1) Pit #2 at Argon. % mile south of sta. 1264+00. About
1,000 tons of this materizl was used last year as sand
‘l’ cushion. Problems connected with this source are out-
lined in last year's report. . This pit was used for
shouldering only this year,

2) Pit #, 1 mile north of sta, 1174400 on the Dog River
Road. Depleted last year,

3) pit #6, Linko. % mile north of station 1111475, About
60,000 tons of sandy gravel were removed from this pit.
The pit is now depleted,

Some problems arose with the use of this pit, chiefly
because of moisture contents above optimum this Spring.
Some faces had to be coendemned because of oversize
boulders, :

L) Pit #1, Abitibi, 2.1 miles south of Hwy, 17 at Sta.
064+00, = 5,500 tons of gravel were taken from this -
plt and used at the east end of the contract,

This pit was &lso used as a crushing source, some
27,000 tons of materizl were crushed last vear. Part
of the materizl was used for maintenance last winter
and the remainder was stockpiled and placed on the
road this year.



o o
-6~

This deposit is part of a large esker and the material
tends to very coarse. (The pit is now being used on
- Contract 60-169, for hot-mix aggregate).

5) Pita . 3 miles north of sta. 1174400 on the Dog River
. Road.

~ Since most of the other pits in this area were deple-
ted, the Contractor moved here early in 1960 for both
sand cushion and crushed gravel. About 18,000 tons of
sand cushion were taken from this pit. The materisl
was very nicely graded, being a medium gravel with no
oversize. :

Crushing started in this pit in early April, but very
little material was placed on the road before early May.
All the GBC "A"™ was placed by the end of June and the
Contractor then crushed his complement of 5/8" crushed,
About 80,000 tons of GEC "A"™ and 17,000 tons of 5/8"
crushed were produced,

The..production of GBC "A" was_too sandy at f{irst.but
improved with time....The production of 5/8" was.very
sandy snd very few samples met our specifications. des-
pite repeated warnings.  There is quite a good cuality.
61 erushable cravel remaining in this pit. There is
at present a 15' face here,

DEVIATICHS FRCM SOILS'DESEGN REPORT :

Most of the deviations were dealt with in our 1959
report. No rrede chonges were recommended but some were
necessary because of inaccurate original cross-sections.
These rrade chanres were all approved by lr. Tregaskes in

~ a letter of February 29, 1960,

Two additional sub-excavations were done. A frost
heave at sta, 941+L0 was sub-excavated, this was reconm-

‘mended in & letter written on April 20, 1960. A series

of frost boils between sta. 1212400 and sta. 1214+25
were also sub=-excavated (see letter of May 19, 1960).
Torether, these amounted to less than 500 cubic yards of
sub-excavation,.

As_noted zbove, the contract was ditched throughout,
including swamps, V€ do not consider this to be a good
idén since it breaks through the fibrous root mat on the
surface and could lead to increased settlements,

FOR FUTURE PERVORVALCE STUDY:

1) Next spring, it will be very interesting to compare
. thé east and west ends to see how well the "Special
Section" ditch copes with spring run-offs. It is
anticipated thot the water table et the west end
will be quite high and this ditch mey yet have to be
excavated, - T
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2) Vhen this contract is paved (probably the foundation
course” will be laid this year) we shall have a datum .
from which to check the expected consolidation of the
~ "pidden" muskeg. Some of this ccnsolidation is al-
ready occurring and this could have been accelerated ‘
by the ditch excﬂX?ﬁiﬁﬁgfﬁﬁf@ﬁﬁ%ﬁaﬁﬁﬁwmg%,g;gmxm§'%MM“V ¥
7

/ w&ﬁiﬁku.zc '
Some differential settlement can be expected where .7 .affruisis
the widening was placed on virgin muck. It is proe
bable that some cracking may ocecur on the shoulders
and 1t 71s almost certain that the soulders will
recuire extensive maintenance over the next few
years.

3) Briefly, this_contract has recovered from a very

i 4

|
shaky start. The finished product appears to be %
very good.but troubles will undoubtedly show up |
over a period of years,

(This Contract is now complete).

PREPARED BY:

F. Norman,
Project Soils Engineer,

AN

APPROVED BY:

Abc. pOWQll,
- . Regional Scils Engineer,
‘Nice o
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x ‘- DEPARTMENT OF HIGHWAYS
Memo to Mr. A, C, Powell, Daté September 4, 1958,
Soils Engineer, .
FORT WILLIAM, Ontario. Subject_Re: WP 912-58; RaXth to

. Poland; Hwy.l7 TCH Layout of Relief
From  Materials & Research Section. Ditfhes as suggested in Soils Design

e
.LLGkJUJ- Ve

Enclosed find prints of the drainage layout which should
help you in making a field check of the feasibility of the scheme
as we proposed in our soils design report.

' Pete Arkema has studied the area from aerial photographs
and he has the following comments to make:

" Sta., 980 to 110L - it appears that the main drainage outlet
for this section is at 1073 and that the water flows west-
ward from the highway. A relief ditch left of C/L will only
be of use when this outlet has sufficient capacity, which is
doubtful. " .

" Sta. 1328 to 1424 ~ the short arm "A" (about 1200') will
require some improvement. The two conducts marked "B" appear
man-made and in good condition., However downstream from their
Jjunction section "C" is in poor condition, The relief ditch
will probably cause section "C" to silt up completely. "

You should make a fairly thorough field investigation
keeping in mind that due to the flat terrain and date of photographs
ii is difficult to appraise the situation accurately from photographs
alone,

In the field you should:

(a) Check stream directions at various points and mark flow on
the attached plan, '

‘(b) Check condition of streams that are to drain the relief
ditch. _

(c) Get some idea of the head at various points, particularly at
Stas, 1073 and 1328,

(d) Get an idea, from observing the existing ditches, of the
amount of stability which can be expected from a 4 1 slope
in muskeg ditch cuts.

E
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G. K. Hunter has indicated that he has a Mr. D. Bews in
their Toronto office who will be working on drainage problems
generally and therefore he would like to have this man meet you up
there with the idea in mind that he may learn something from you
during your investigation. Could you, therefore, contact Gord about
a week in advance so that the necessary arrangements can be made.

TJIK/ jy.

C.C. Mr. A. Rutka
G. K. Hunter
H. W. Hurrell
T. J. Kovich

File,

ettt o



. Department of Highways

COPY
For the Information of:

Mr, T J. Kovich

Jeesicn wuion, 1173 Eay wirest,
&'U“m Ontario., Oct, ™ 19580

f&-bﬂlusj:d‘&*’s d0..2

-~ Hre Jeue lovdon,
Suaeizl ‘rojects Jesizn Eagineer,
Yenartent o dishways,
n73 &)\-‘t wtﬂﬁt,
FAHERH 'm Oatarie.

RES Wel'e 9L2w58, lehway 17 [+Cale, 1aith to
Foland, Foru Jdi.liar Ois: rieb.

W LA0L 3

& i401d 1 ocoection of this proloct was made, with il ﬂurrﬁll,
Projuct scsisn Supervicor, and ke Powell, Solls ingincer, on
October 7, 1958,

1, otation 107}02:~ Propoced 20 x 8 Conerete Box Calvert will
boe cufficient,

-2, Jdpacing of Culvertsis it 48 r.co.mended that waxioum
cpacing between eulverts be 1000', This will involve &
nuber of a.ditional «yialiszsin, pipe sulverts.

3s ercelal late.al Sralui e sitchie It is recommendec that a
lalornloarmonaze diteh b L qonatrueced as. propouud “in the
5040 Guglpn xc.port,mbwa owen.. In gdcdition mlt
reuo. o oded thiat the ceotre ldnc of the uivch ba l@cated
75V e i o7 the cc £ 1ine of tim H'"”",'hway.‘wfhe rade

Yhe diteh is r,o he _overned by the invert iley ationc of

o TootIR €ran Tue aitchecs . All additional culverts

wveToff taku ziiches _to the lateral citche #here

: al di chic anproaeh the stundard sids ditches,

:,’s'u,. ‘Tould be “connieved bg Coandyerse ditchese  AlL

TRV Led material ..‘wald e rlaced betucen tho diveh and

x(! Frood evbankiert Tand Trad d Tte Tprovidae ood drainese

awn* “from the road lo the \{L{cks~ Tha transverse ditch at

tion 1372#00 uz:“ bion 1393#00 should be cleaned out

‘‘‘‘‘ »‘a '._.’.' ¢ 1 t‘,i{; urtma

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

bait. 22 "
D‘ ‘. .3.., Gl‘lbbhlut n’ . . 7 &‘,‘/ﬁ v

Da tB/uc



ONTAH!O
DEPARTMENT OF HIGHWAYS

Memo to___¥r. J, B, Garland Date November 19, 1958,
S : )
District Engineer | Subject Be: WP 912-58 Raith to Poland
From Materials & Research Section | Highway §17,

With reference to your teletype of November 10, 1958 to Mr, He Trognakos,
hnvb reviorad the section between Statiom 982400 snd Sta, 1044£00 on soils profile
17 M 18,

- We conour with your reserks on the heaty maintenance cost in this vicinity,
There are two chief reasons for thisy _
1) A very high water table in the vicinity coupled with a low grade line,
2)  The shallow 1ift of granular under fhé.pr!alnt road directly over the mmok,

The waper table problem has been aggravated by pipe-line construction ea the
south side of the highway but we are attempting to offset this by the construection of

our proposed interceptor ditch, The gradeline will also be raised by about 2!,
The present granular f£i11 of 18% . 24" has not caused much comprﬁ:aion of the

underlying muck layer and this fact probably contributes to the high m nuint-nanco _cost,

(The otner swamps on this Project all have greater lifts of granular), The proposed

increase of £111 will cgggroaa the muck further and will tend to make for a mors

uniform performance, Wh%iz we certainly do not expect a perfect surtaae to rucult tbn

et

scarcity of borrow and granular matarialg_in this area would mako ‘the excavation of

the muck an expensive alternative, (this is a mentioned in our design report, dated
August 15, 1958),




Briefly, therefore, ws are relying on the proposed relief ditch to lower an
' m.-:ting high water table and more consolidation of the muck. io increass _$he boesr
tapacity, Consequently we would recommend no chmgwmwmiumwhaim.

Ao Rtltk.‘

N - Acting Materials & Research Engr,,
co: Mr. HeAs Trogaskes Per: - ,gggg)
HaD‘ Mcl*ﬁllm QQ-D»dD

RQAQ Pﬂl‘fbﬂr _1.0. M‘n
HoWe Hurrell Soils Engineer
TgJ. Kesvieh

¥ 4+ Powall /

File

ACP/al



Ministry of “ ‘
@ Transportation and

Communications

Ontario Memorandum
<. ﬁxrza - From:  Materials & Testing
Head, Soils Mechghics Section Northwestern Region

Downsview, West Tower

e

Attention ...

Date: qu 23, 1975

Qur File Ref. In Reply to

Subject: Longitudinal Cracking West of Raith

During your visit to Thunder Bay on May 21, 1975 we discussed the above
section of Highway 17 and | requested verbally that you carry out an in=~
vestigation to determine the feasibility of and what (if any) failures, settle-
ments or distortion might be expected with a maximum 36 inch grade raise
over the existing pavement,

We are proposing to treat the entire 2,5 mile section with styrofoam, Dependent
upon your findings, we will be removing the pavement and placing the styro-
foam or the granular grade or excavating a portion of the existing roadbed to
‘minimize the fill height,

As the existing pavement is severely distorted due to the longitudinal cracking
and some remedial treatment is considered urgent, we would request that you
carry out this investigation and issue a report prior to the end of 1975,

Please find enclosed a copy of the report prepared by Mr, R, Girard, Project
Manager, Planning & Design, Northwestern Region, outlining conditions en-
countered during our investigation and alternative treatments which were con-
sidered,

H, Munford
Senior Soils Supervisor
/mle
Enc. for R. Morgenroth
c.c. G, Wrong Regional Materials Engineer
W. Neilipovitz

cElVE
@?@wm 0Frsn

HAY 27 105

AN m\@
Hmam“:%s&on )




Transportation and
Communications

=\ Ministry of . , : - . , -\ (o /
y‘q y - | | C W

~ Ontario Memorandum
To: R, Franks ' From: Materials & Testing
District Engineer Northwestern Region
Thunder Bay _'
Attention: ~ pate:  April 22, 1975
Our File Ref. In Repiy to
Subject: Severe Longitudinal Cracking on Highway 17

From 8.5 miles to 11.0 miles west of Raith

As per your request we have investigated the above mentioned section of
Highway 17 in an effort to ascertain the causes of the severe longitudinal
cracking.

Attached is a preliminary Soils Report written by Mr. R, Girard, Project
Manager, Systems Design. In the report he indicates the background of the
subject section of highway and outlines the investigation procedures along

with the probable causes and some alternative treatments which can be considered,

- FLIPAY /&
| would suggest that a meeting be held on Wednesday; May ¥4, 1975 in the
third floor boardroom at 14,80 A.m. to discuss the possible solutions and their
merits and disadvantages with all interested parties in attendance,

When a treatment has been decided on, this Section may require further borings
fo arrive at treatment limits and design quantities prior to issuing a Soils Design

Report.
" 1f you have any questions relating to the enclosed report, please contact this
office. ,
/fi’ , /' H
J ) 1 Lu v »7{ é.i‘l-c"-‘(
H. Munford .
Senior Soils Supervisor
for: R. Morgenroth
/mle Regional Materials Engineer
c.c., D. Jarvis '
W. Lees CEIlV £ ™
D. Lowman Sg{@wcu op;,c‘-',;

MAY 27 1975

S0/ eoHANSS
’Hdnsmngmm __

N. Maluzynsky
D. Moorhouse
W, Phang

G. Wrong




gEVERL‘ LONGITUDINAL CRAC KII&
HIGHWAY 17 ~ 8,5 to 11,0 MILES WEST OF RAITH

INTRODUCTION

The treatment of the hazardous longitudinal cracking at Raith

is now imperative. As indicated on the attached photos, the
longitudinal cracking, up to 10 inches wide in some areas,

presents a real danger to the travelling public. Numerous attempts
have been made over the years to solve the problem, ranging from
routine maintenance patching to the laying of reinforcing wire
mesh but all have failed.

This report contains the highlights of the chronological develop-
ment of the present day structure, a description of the
investigation carried out, a discussion of the results of this
investigation and possible recommendations for the correction

of the cracking phenomenon.

LOCATION

This particular section of road is approximately 2.5 miles in
length and is about 60 miles west of Thunder Bay on Highway 17,
8.5 miles west of the village of Raith., The problem area extends
from Station 1300400 to 1420400, The existing grade is low and

on tangent and rides”10 foot flbrous, ‘slightly decomposed, organic
deposit with a very high water table.

PERFORMANCE

The 1958 Soils Design Report for the proposed reconstruction of
the existing highway describes the performance at that time

v, ..The present primed surface, the only remaining stretch of
primed surface between Fort William and Ignace, varies from 20'
to 22' wide with 6' shoulders. No actual failures have been
noted but small transverse and longitudinal cracks sometimes
occur, Roughness and settlements necessitate the oiling and
priming of the surface each year and potholes are very much in
evidences.sss” |

When the reconstruction of that section of highway became necessary,
considerable discussion was presented, evaluating the respective
merits of the feasible treatments:
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1. Excavate the muskeg and the existing roadbed to solid
bottom; ) '

2. Ride the muskeg and the existing road structure;

3. Realign that section of highway around the swamp.

Ultlmately, the decision was made. "... It has now been decided
to ride the muck providing the present centreline is maintained.
This decision is based on the following factors:
1. Llarge excavation quantmtles involved coupled with a
shortage of backfill materialj
2. Fair performance of existing surface and
3, 20% to 507 compression of existing muck strataes.”

The Soils Report further states "...It is felt that no failure
will occur in the future and that performance should be within
tolerable 1imitSes."

Considerable discussion is still generated as to the reason (s)
for failure but only serious scrutiny into the design details
and the construction practices will reveal the most probable
explanation for the failure.

THE DESIGN

The original soils profile was not available for inspection but
the Soils Design Report is quite explicit as to the design
recommended over the swamp. "“... From 18 inches to 24 inches

of granular are proposed over the existing road, and this should
then provide a minimum of 36" above the water table in the
suyrounding swamp. It is recommended that granular only be

used for the 28 foot central core. Tt is recommended that only
acceptable earth material be used for shouldering. Shoulder
material is chiefly non-cohesive, hence Frence Drains should be
used in sags only, unless the Engineer decides more are required..."”
The proposed design was therefore core construction. (This type
of design was considered for a short period of time during the
mid fifties.) | ’

Tt was further recommended that elaborate ditching be carried‘outf
"This area is frequently inundated and it is therefore proposed
that an auxiliary graded ditch be constructed. It is further.



proposed that offtake ditches to the roadside ditch be dug at
H .
500 foot intervals.

INVESTIGATION

To establish the reasons for the problem, the entire swamp was
visually inspected and typical test sections were laid out
representing various degrees of cracking. One test section was
chosen to represent the areas where no cracking was observed,
one test section was chosen to represent the areas where slight
to moderate longitudinal cracking was observed (4 inch max.)
and three test sections were chosen to represent the severely

cracked areas (4 to 10 inch wide longitudinal cracks). These

test sections are an average of 360 feet long and their exact
location is shown on the accompanying key map.

During April, 1974, power auger boreholes were placed at both
edges of pavement at each test section., That particular time

of the year was chosen since it represented the worst frost
heaving period of the year. These boreholes were taken down

past the organic to the inorganic bottom. The results of these
boreholes are shown on the accompanying solls cross-sections. The
frost depth limits were also determined during the drilling.
Samples and moistures were taken at each different soil type
encountered and analyzed in our Regional Materials Laboratory.
These results are available at the Regional Materials and Testing
Office.,

More boreholes were placed at each test location during July,
197L. These were placed in the centre of the westbound lane and
at the extreme outer edge of the shoulder. Samples and moistures
were again taken, analyzed at the Regional Materials Laboratory,
and the results plotted on the cross-sections.

Finally, a complete record of all visible cracks was compiled.

‘These had been done during the month of April 1968 and were

brought up to date during April 1974. The locations of the test |
sections and the boreholes were added to the sketch of the cracks.
Cross-sections were taken at each test section during the worst
heaving period and also during the summer to establish the type
and degree of heaving, but, unfortunately, a survey error was

‘made and the results are ambiguous.
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All the samples obtained were analyzed as to two of their

‘physical properties; the percent content of the frost susceptible

particle sizes, and the moisture content. The limits of the
frost susceptible material were set as that passing the #100
sieve (0.15 mm .) and greater than .003 mm. These limits were
established based on the capillarity and the ability of water

to move through the soil media of specific particle sizes. As
originally established by Atterberg and published by, Gilbert

L. Roderick, "Particles from 0.2 - 0,02 mm . possess good
capillarity and allow fast capillary movement of water. Materials
finer than 0.02 mm . show very high capillarity but the movement
of water in the capillaries is retarded." The portion of the
samples analyzed therefore represents the susceptibility of

that material to frost action. Particle sizes greater than #100
sieve can retain only small amounts of water. Particles sizes
smaller than .003 mm. do not readily permit the flow of water.
The formation of ice lenses and the consequent frost heaving is
therefore a direct relationship to the amount of the frost
susceptible portion.

The distribution of the frost susceptible fraction within the

soil mass is also a significant factor affecting the degree of
frost action in a particular sample but this factor had to be dis~
regarded due to the complexity of the analysis and the huge

number of samples that would be required to determine this with
some accuracy. The analysis was therefore based entirely on the
premise that frost susceptibility is entirely dependent on the
amount of a specific particle size range within a given soil mass.
It was felt that one of the reasons for the cracking had to do
with the core type construction and the lack of uniformity across
the road structure. The samples were therefore analyzed with

this in mind by comparing the frost susceptible fraction contained
at the center of the lane and at the edge of the shoulder. The
results for the various test sections are listed in Figure 1, and
are tabulated in accumulative 2 foot increments i.e. the frost
susceptibility at the centre of the lane is compared to the frost
susceptibility at the edge of the shoulder for the top 24 inches
for the various test sections and the results are listed on line
O" - 2L", the comparison of the frost susceptibility for the top
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48 inches is listed under O" - 48" etc. Inspection of the
results reveals the following:

i) The difference in the frost susceptible fraction
between the centre of the lane and the edge of the
shoulder is consistently greater for the no cracking
section than the moderately cracked or severely
cracked section,

ii) This difference decreases with depth in all sections
and are equal when the top 96 inches are considered.

iii) The amount of frost susceptible soil at the centre of
the lane is apparently directly proportional with the
severity of cracking for the top 48 inches. The
relationship is only very slightly obvious at greater
depths and is very doubtful.

iv) The amount of frost susceptible soil is relatively
constant with depth in moderately and severely cracked
sections but is directly proportional with depth at
the centre of lane for the no cracking section and
inversely proportional with depth at the edge of the
shoulder.

The moisture content results are summarized in Figure 2. They
indicate positively that the moisture content is much greater
under the shoulder then under the pavement. The results further
indicate that the average moisture under the centre of the lane
and under the edge of the pavement is directly proportional with
the severity of cracking.

-DISCUSSION

The results of the moisture content comparison are straight
forward and prove to be as expected; the higher the moisture
content under the pavement, the greater the amount of cracking.

The frost susceptible fraction comparison is not so straight
forward. With the minimum sampling done during this investigation,
the exact relationship between the multitude of variablescannot

be established with confidence. Trends, relationships and comparisons

can nevertheless be established with some certainty. Some facts
nevertheless prevail.
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The results of Figure 1 show that some form of core
construction exists since the frost susceptible fraction
at the edge of the shoulder is continually greater than
at the centre of the lane in all test sections and at all
depths. This type of construction is nevertheless not
the reason for the serious longitudinal cracking because:

(a) The serious heaving occurs at the centre of
the pavement -and not at the shoulders where
the greater frost susceptible fraction is
encountered.,

(b) The moisture content is greater at the edge
of the shoulder than at the centre of the roadway.
The argument that the earth shoulders retain
the moisture in the core causing severe heaving
is false.

The results of Figure 1 show that the frost susceptible
fraction at the edge of the shoulder is relatively constant
with depth and with severity of cracking. This can be
explained by reading the contract inspection reports which
state that the granular core over the existing roadbed

was placed first up to the level of the Granular 'A' and
that the earth shoulders were placed after.

Figure 1 also indicates that the frost susceptible fraction
at the centre of the lane varies with the severity of
cracking. Since the reconstruction granular depth was

only approximately 18 inches the noted frost susceptible
fraction depends greatly on the soils types for the
original underlying construction.

It would therefore be reasonable to assume that the severe heaving
and the resultant cracking is caused by the frost susceptible soil
used in the original roadway construction. This dirty material

is shown on the soils cross-sections and is justified by the
sample results,

The higher moisture content of these fine grained soils as shown
in Figure 2, in conjunction with their high capillarity, the
easily accessible supply of water, and the freezing temperatures,
will always produce severe frost heaving.
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The shoulders don't seem to heave aslbadly because they are
‘slightly insulated with packed snow and are slightly heated

' (relative to the travelled portion) by the latent heat supply
trapped under the snow banks at the outer edges of the shoulders
and under the snow blanket over the swamp.

CONCLUSION

The phenomenon of longitudinal cracking in low lying and wet
areas is a common problem but no definite explanation as to its
causes and effective treatment has ever been adequately
documented. The investigations, as outlined in this report,
were carried out, to try to explain the reasons for the severe
cracking and to determine an effective treatment.

By systematically reducing the mass of information gathered, we
can conclude that the cracking phemonenon, even though it appears
as a surface defect, is actually a deep seated problem and can

be directly attributed to the frost susceptible material used

in the underlying old construction.

RECOMMENDATIONS

Only two possible options are left to treat the cracking problem.

1, Eliminate all frost susceptible material.

2. Prevent the frost from entering the roadway structure.

Under option (1) there are three possible alternatives.

i) Excavate all frost susceptible material and replace
it with clean granular type material. This would
pregent severe traffic maintenance problems and might
require the construction of a detour.

ii) Excavate the existing roadway and organic deposit to
solid inorganic bottom and backfill with clean granular
type material. It is very doubtfull if this would be
done without the construction of a detour.

iii) Realign the roadway. This could possibly turn out to
be the cheapest alternative under this option, since
the existing highway could be used as the detour.

The new construction would therefore be located to the
south of the existing highway and would involve complete
excavation to solid inorganic bottom.
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Under option (2) basically 2 alternatives are possible.

i) Prevent the frost from entering the roadway structure
by using highway insulation., The effectiveness of this
insulation could be increased greatly by possibly
removing the existing pavement, placing the insulation
over the granular grade and covering it up with a
minimum of 24 inches of granular material.

ii) Prevent the frost from reaching the frost susceptible
soil by increasing the granular depth over the road-
way. It is nevertheless very doubtful that this
treatment will be successful unless at least three
feet of granular material be placed and even so the treat-
ment could be only temporary. Using this treatment,
there also exists the problem of increasing the fill
to such a height that it would become unstable and
present a potential stability problem. The Foundation
Office should be contacted for their recommendations
if this alternative is seriously considered.

Due to the urgency and the complexity of this problem, the
various alternatives should be discussed with the design and
construction people in order to reach a concensus on the most
effective and economically justifiable treatment.
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FIGURE

I,

NO CRACK SL -MOD CRACK SEVERE CRACK AVERAGE
¢ E/s |DIFE | & |E/5 |DIFF. ¢ E4 |oiFr ¢ E/s | DiIFE
0 - 24 22 46 |+24 | 32 42 |+10 31 41  |*10 28 43 |{+15
0 - 48 28 44 |+18 29 | 42 |+13 30 37 |+7 29 a1 + 12
0- 72 37 4] + 4 32 42 + 10 38 42 + 4 37 42/ t5
0- 96 37 4 +4 32 42 |+10 38 42 |+4 36 42 |+6
FIGURE 2.
AVE. MOIST AVE. DEPTH NO  SAMPLES
¢ 13.46 49.50 8
E /P 15- 34 50-50 12
E//s 25-69 43.40 5
NO CRACKING SL-MOD CRACKING |SEVERE CRACKING
AVE. MOIST - 43 14-5} 15.-92
AVE. DEPTH 44.40 54.00 51.50
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