
Frost Action and Railroad Maintenance 
In the Labrador Peninsula 
R.W. PRYER, Soil Engineer, Quebec North Shore and Labrador Railway 

P r io r to 1950 engineering activity i n the Labrador Peninsula 
was confined to a few of the more accessible areas and was 
l imi ted in scope. A ful l-scale demonstration of many of the 
engineering problems associated with this li t t le-known region 
has been provided by the Quebec North Shore and Labrador 
Railway, a 360-mi rai l road constructed between 1950 and 
1954 to serve the new i ron mining d is t r ic t in the inter ior of 
the peninsula. Experience since 1954 has shown that the 
operating conditions inq>osed by a rigorous winter climate, 
par t icular ly the necessity to ca r ry a heavy tonnage during a 
relatively short shipping season, requires an unusually high 
standard of rai l road maintenance. 

This paper describes some of the manifestations of f ros t 
action which have proved troublesome f r o m the standpoint of 
rai l road maintenance in the Labrador Peninsula and also r e ­
ports the results obtained f r o m a number of ground temper­
ature installations. The data show values recorded fo r f ros t 
penetration under various conditions of exposure, including 
cut and embankment sections of the rai l road subgrade, un­
disturbed snow and natural ground cover, an ice-covered 
automobile parking lot, and an i ron ore stock pi le . 

On the basis of the ground temperature data i t is con­
cluded that a snow-vegetative cover i s one of the more i m ­
portant variables controlling the depth of f ros t penetration. 
Removal or disturbance of these media permits deep pene­
trat ion of f ro s t (as much as 6 or 7 f t ) i n a snow-covered cut 
section and more than 10 f t in an exposed embankment. 

A consideration of the physiography of the Labrador Penin­
sula suggests that i n the ter ra in traversed by the Quebec North 
Shore and Labrador Railway, climate, groundwater conditions, 
vegetative cover, and the distribution of frost-susceptible soils 
are f a i r l y representative of conditions throughout much of the 
region. 

• T H E LABRADOR PENINSULA has emerged in recent years as an important producer 
of i ron ore and the site of several rapidly growing centers of population. A significant 
factor in this transformation has been the Quebec North Shore and Labrador Railway, 
which links the new mining town of Scheff ervi l le with Sept-Iles, a seaport on the north 
shore of the Gulf of St. Lawrence. 

The Q .N. S. & L . Railway was constructed between 1950 and 1954 (1) and was the 
f i r s t major engineering project to be undertaken in the area. Located f o r i ts entire 
360-ml length through undeveloped and unsettled t e r r i t o ry (2), l i t t l e advance information 
on soil or cllmatologlcal conditions was available. Under these circumstances, there 
was speculation concerning construction and maintenance diff icul t ies \ i^ ich might re ­
sult f r o m the combination of a severe climate and the type of te r ra in usually dismissed 
as 'muskeg'. Of particular interest was the depth of seasonal f ros t penetration and the 
degree to which local soils might be susceptible to f ros t action. Diff icul t ies with perma­
f r o s t were expected to affect the mining operations at Scheff e rv i l le and, to a lesser ex­
tent, the construction and maintenance of the ra i l road. Also largely a matter of con­
jecture was the effect of sustained below-freezing a i r temperatures on ore-handling 
operations. 
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Figure 1. 

Although efforts were made during construction to exclude f r o m the rai l road subgrade 
such obviously frost-susceptible soils as s i l ts , some differential f ros t heaving was fo re ­
seen and a better imderstanding of the thermal regime within the roadbed was considered 
desirable. To this end, several ground temperature installations were made and atten­
tion was given to the accumulation of climatological data and to the classification of soils. 

Since operations started in 1954 the ra i l road has carr ied approximately 36 mi l l ion 
tons of i ron ore. Diff icul t ies associated with the handling of frozen material at present 
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l i m i t the r a i l shipment of ore to the period between early May and late November, or 
an average season of 200 days. During the winter months the rai l road remains in ser­
vice to permit movement of passengers and freight , but t r a f f i c i s l ight . The number of 
trains passing a given point in each 24-hr period during the summer is approximately 
16, 7 of which are loaded ore trains; in winter, t r a f f i c averages one t ra in per day. 
Performance of the roadbed under these operating conditions has provided useful i n ­
formation concerning the nature and extent of problems associated with f ro s t action. 
It Is believed that s imilar problems are l ikely to be encountered over much of the 
Labrador Peninsula. 

PHYSIOGRAPHY 

Among the more important of the external variables which influence f ros t action 
are: climate, part icularly a i r temperature, precipitation, and wind; topographical 
location and degree of exposure; the nature and depth of surface cover; and ground 
water conditions. Because some of these factors are also prime considerations in 
ra i l road location, the physiography of the Labrador Peninsula is a subject which de­
serves special attention. 

The peninsula is usually regarded as a section of the Laurentian Upland Province of 
the Canadian Shield (_3), and is essentially a plateau with an average elevation of 1, 500 
to 2,000 f t . Severe dissection by deep, glaciated valleys is a feature of the edge of the 
plateau and local re l ief in the coastal areas is in the order of 2,000 f t . On the basis 
of landscape, surface materials and climate, the region may be divided into three 
physiographic subsections (4) as follows (see F ig . 1) : 

1. The l ^ r e n t i a n Front. 
2. The Labrador-Ungava Plateau. 
3. The Labrador Highland 

The Laurentian Front 

The physiographic subsection known as the Laurentian Front extends f r o m the 
Saguenay River in the west to the Strait of Belle Isle in the east. Rarely more than a 
few miles inland, the steep, south-facing Laurentian Escarpment r ises abruptly f r o m 
the coastal lowland and defines the southern margin of the dissected e^e of the interior 
plateau. 

Stratified sands, si l ts and sil ty clays comprise the bulk of the sediments of the 
coastal lowland, with sand as the dominant surface material . Banded silty clays are 
generally associated with r i v e r terraces and are exposed in many r ive r bank slopes. 

North of the Laurentian Escarpment, the rough te r ra in of the dissected region ex­
tends inland f o r as much as 100 miles . It is an area of active erosion in which the 
deep, glaciated valleys of the numerous south-flowing r ivers are conspicuous features. 
As a result of glacial and post-glacial derangement of drainage, a number of broad 
valleys are occupied by mi s f i t streams or chains of elongated lakes. 

Generally, surface soils in the r ive r valleys are s trat i f ied sands and gravels of 
f luvio-glacial or igin, although si l t and si l ty sand may be encountered in isolated terrace 
remnants. Close to the northern margin of the Laurentian Front, coarse-textured 
gravel occurs in extensive outwash deposits. 

The mari t ime climate of the north shore of the Gulf of St. Lawrence is not unduly 
severe; the mean January and July daily temperatures at Sept-Ues being 5 F and 60 F, 
respectively. A useful measure of the magnitude and duration of below-freezing a i r 
temperatures is the freezing index or the cumulative total of degree days below 32 F.* 
On the basis of mean monthly temperatures, the freezing index f o r Sept-Iles in the 
period 1945-1957 has varied between 2,100 (1950-51) and 3,350 (1949-50), with an 
average of 2, 700. Temperature conditions throughout the remainder of the Laurentian 
Front are considerably more severe than those prevalent in the coastal lowland. The 

*In this use, the degree day i s defined as the difference, i n degrees Fahrenheit, be­
tween the mean daily a i r temperature f o r a given day and 32 F . When mean daily air 
temperatures exceed 32 F, degree-days are subtracted f r o m the cumulative total . 
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freezing index is probably between 3, 500 and 4,000 fo r much of this region, a range 
comparable with that experienced in southern Manitoba. 

The mean annual total precipitation at Sept-Ues f o r the same period (1945-57) has 
been 42 i n . Heaviest monthly precipitation occurs in July and amounts to approximately 
4.5 i n . A second peak of precipitation occurs during the winter months when moist a i r 
f r o m the Gulf of St. Lawrence comes into contact with the Laurentian Escarpment. The 
average snowfall at Sept-Iles is 165 i n . , more than 100 i n . of which fa l l s during the 
months of December, January, and February. The Laurentian Front thus experiences 
a snowfall which is one of the heaviest in Canada. In the lower reaches of the r iver 
valleys, an annual snowfall of 200 i n . is to be expected: the corresponding f igure f o r 
the southern r i m of the plateau is about 135 In . 

The Labrador-Ungava Plateau 

Geological exploration in the physiographic subsection known as the Labrador-Ungava 
Plateau has been most intense in the narrow belts of folded sedimentary and volcanic 
rocks which are known to be mineralized (_5). These structural units, of which the 
Labrador Trough is at present the most important, d i f fe r physiographically f r o m the 
remainder of the plateau. 

The Labrador Trough is a belt of paral le l rock ridges and valleys with axes oriented 
in a north-northwest, south-southeast direction. It extends southward f r o m the west 
side of Ungava Bay approximately 400 mi and has a maximum width of some 50 m i . 

With the exception of the Labrador Trough and other less prominent belts of folded 
rocks, the Labrador-Ungava Plateau may be described as a relatively f l a t plain, ve­
neered by glacial t i l l and characterized by eskers and other granular landforms. The 
most str iking feature is the extent to which the landscape is dominated by bodies of 
water, with lakes and expanses of open bog occupying as much as 50 percent of the 
terra in over broad areas. 

"Muskeg," a popular descriptive t e rm in this region, is generally used in connection 
with swampy ground of the widely-distributed "string-bog" variety. A typical bog of 
this type has the appearance of a shallow pool covered by a network of narrow, roughly 
parallel bands of moss or grassy vegetation. Closer examination usually reveals that 
the bands are stable, rather than floating, and that string-bogs are terraced; a slight 
difference in elevation being maintained between the water levels on opposite sides of 
individual bands. Water-deposited sediments are a feature of many lakeshore areas 
and frequently underlie string-bogs. The ver t ica l prof i le exposed by excavation normally 
comprises 1 or 2 f t of si l ty organic material underlain by f r o m 1 to 3 f t of s i l t . This, 
in turn, overlies a sandy glacial t i l l . The presence of s i l t does not appear to be es­
sential to the development of string-bogs, but in situations where i t is absent, t i l l of a 
f iner texture is usually encountered. 

A continuous mat of waterlogged vegetation is often associated with shallow depres­
sions and f l a t - ly ing areas. A distinguishing feature of this type of swampy ground is 
the presence of low shrubs and stunted trees in addition to the grasses and moss of the 
string-bogs. Timbered bogs of this type are usually underlain by a few feet of f ibrous 
organic matter and the prevailing glacial t i l l . In the ter ra in traversed by the Q . N . S. 
& L . Railway, the depth of organic material has rarely been found to exceed 4 or 5 f t . 

The region most seriously affected by waterlogged organic ter ra in occupies the 
central and south-eastern section of the plateau. Here, a system of large lakes em­
braces the headwaters of a l l the important r ive r s . Other areas affected include the 
gently sloping ter ra in on the Pleistocene sediments east of James Bay, and the perma­
f ros t area about Ungava Bay. 

The climate of the Labrador-Ungava Plateau is rigorous. Mean annual temperature 
and total precipitation in the south are 26 F and 35 i n . , respectively. The corresponding 
figures fo r the northwest are 16 F and 13 i n . (6). Snowfall accounts fo r approximately 
40 percent of the total precipitation. Summer seasons are cool with cloudy skies and 
lengthy periods of intermittent light ra in . 

Winter temperature conditions at Schefferville are typical of those which prevail 
over a broad area. Due to the more continental climate of the inter ior , they do not 
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d i f fe r markedly f r o m those experienced in the Ungava Bay region. Average indices at 
Schefferville and Fort McKenzie are 5, 200 and 5, 500, respectively, comparable with 
the value of 5, 700 f o r Cape Hopes Advance on Hudson Strait. 

Schefferville l ies in a region of sporadic permafrost and experiences an average 
annual snowfall of 130 i n . North of this point, however, a pronounced decrease in pre -
cipitation occurs and is accompanied by a significant increase in the incidence of perma­
f ros t . 

The Labrador Highland 

This physiographic subsection known as the Labrador Highland embraces two areas 
which are separated geographically by Ungava Bay. The larger area extends f r o m the 
eastern shore of Ungava Bay to the Strait of Belle Isle; the smaller area includes a 
narrow str ip along the south shore of Hudson Strait. 

Although a number of distinct physiographic units are recognized, this region may 
be regarded as the Atlantic counterpart of the Laurentian Front, because i t , too, com­
prises the rough te r ra in of the dissected edge of the plateau. The continuity of the 
c l i f fed coastline is broken by deep glacial troughs or f iords and by the steep valleys 
of numerous small streams. The Hamilton River drains an extensive area of the i n ­
te r ior plateau and discharges into Lake Melvil le; i t is the only r ive r of importance 
associated with the Labrador Highland. South of Lake Melvi l le and Hamilton Inlet, the 
f iord-type of dissection in which glacial troughs are not occupied by major r ivers , 
gives way to the glaciated r iver-val ley type of dissection which is characteristic of the 
Laurentian Front. 

The only unconsolidated materials of importance in this generally rocky area are to 
be found in the Lake Melvil le basin. Here, post-glacial emergence and erosion have 
produced elevated beach ridges and terraces in sands and silty clays. 

The climatic extremes Avithin the Labrador Highland are f a i r l y well represented by 
winter conditions at Goose Bay, with an average freezing index of 3,400 and a mean 
annual snowfall of 130 i n . , and at Cape Hopes Advance where the freezing index is 5, 700 
and the mean annual snowfall amounts to 60 i n . As might be expected, the Atlantic 
coast experiences more moderate temperature conditions and heavier snowfall than the 
adjacent plateau. 

FROST PENETRATION AND GROUND TEMPERATURES 

To those engaged in construction and maintenance activities in severe climates, r e ­
curr ing f ros t damage to highway and a i r f i e ld pavements and the differential f ros t heav­
ing of ra i l road track are important considerations. In addition to information on soil 
and ground water conditions, the solution of many of the problems involved requires a 
knowledge of the thermal regime beneath undisturbed ground and in earth f i l l s . 

Ground temperature measurements undertaken by the Q. N . S. & L . Railway were 
expected to yield data which would permit a rational approach to maintenance problems 
involving f ros t action (_7). Among the more important questions on which information 
was sought were the following: 

1. The depth and rate of f ros t penetration beneath the rai l road subgrade in both cut 
and embankment sections under normal winter operating conditions. 

2. The rate at which the upper surface of the frozen zone might be expected to thaw 
during the spring and summer months and the depth and date at which the residual f ros t 
leaves the ground. 

3. The effect of typical vegetative cover and undisturbed snow on f ros t penetration. 

Ground Temperatures at Milepost 266 

The site chosen f o r the ra i l road installation was 266 m i north of Sept-Ues at an 
elevation of 1,650 f t above sea level . Terrain and climatic conditions in this area are 
typical of those p r e v a i l i i ^ over much of the southern part of the Labrador-Ungava 
Plateau. Within a 600-ft section of the ra i l road right-of-way, twelve remote-reading 
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mercury-bulb thermometers were installed; six in an embankment with a height of 
16 f t ( F i g . 2 ) , four below sul^rade in a 6- f t cut ( F i g . 3) and two beneath a typical 
"muskeg" type of vegetation adjacent to the roadbed ( F i g . 4 ) . 

Grading operations in the vicini ty of Milepost 266 were completed early in October 
1953. Excavation of the cut involved a sil ty glacial t i l l , but borrow material with a 
more sandy texture was used as f i l l f o r the embankment. Thermometer bulbs were 
installed in the sides of trenches excavated during the th i rd week in October and track 
was laid on October 30. Because the completed grade was not used as a road p r i o r to 
the laying of track, the ground temperature sites were at no t ime exposed to the effects 
of construction t r a f f i c . 

With respect to the surface on which track was original ly laid, temperatures were 
measured at depths of 1, 3, 5, 7, 10, and 13 f t in the embankment and 1, 2, 4, and 
6 f t in the cut section. In each case, thermometer bulbs were located beneath a point 
3 f t f r o m the track centerllne, and were therefore close to the ends of t ies. Thermom­
eter bulbs under "muskeg" cover were located at depths of 1.5 and 3.75 f t below natural 
ground. These bulbs measured temperatures in organic s i l t and in sil ty glacial t i l l , 
respectively. As a result of drainage measures associated with the roadbed, the veg­
etative cover and organic subsoil were slightly dr ier than would have been the case in 
an undrained string-bog or muskeg area. 

Thermometer bulbs were equipped with Bourdon-tube type indicators, with dials 
calibrated f r o m -20 F to +80 F . A 30-ft capillary tube extension between each bulb and 
its indicator was insensitive to temperature variations along its length and permitted 
indicators to be housed in weatherproof shelters. Thermometers were checked in an 
ice bath p r io r to installation, and the degree of accuracy expected was approximately 
± 2 F . 

A i r temperature conditions during September and October 1953 were m i l d and the 
period was one of unusually light precipitation. The depth of f ros t penetration below 
subgrade on October 30 was approximately 4 i n . Snowfall in November provided a 
maximum cover of about 6 i n . , which was entirely removed by heavy rain on November 
25. 

Access diff icul t ies made i t impossible to secure regular ground temperature obser­
vations f r o m Milepost 266 before the end of January 1954. Af t e r January 20, however, 
records were obtained at intervals of approximately one week. 

The occasional a i r temperature observations made at Milepost 266 are of l i t t l e 
value as an indication of climatic conditions and have been discarded in favor of a daily 
record of early-morning a i r temperatures at Milepost 290. In connection with snow 
cover conditions, i t is important to note that snow was plowed f r o m the track. Pr ior 
to the end of January, the effect of this operation waS"to produce a 12-in. cover of 
compact snow over the thermometer bulbs in both embankment and cut section. Com­
paction increased during February, when observations were made at 4-day intervals 
and snow cover suffered some trampling underfoot. Thermometer bulbs in the muskeg 
installation were protected and snow cover was t ru ly undisturbed. 

Af te r the period of moderate a i r temperatures which occurred between February 27 , 
and March 3, a l l snow beyond the ends of ties was bladed f r o m the roadbed. Coarse-
textured, p i t - run gravel was then distributed f r o m ballast cars to a depth of some 8 i n . 
(To facil i tate dumping of gravel during the winter months, the material (average 
moisture content 6 percent) was deliberately frozen before loading. Hauling operations 
were usually suspended when a i r temperatures exceeded 15 F . ) Although this material 
was eventually to serve as sub-ballast, i ts immediate function was to improve the 
stability of the skeletonized track structure. Under the altered surface conditions, 
snowplow operations restr icted the depth of snow cover to about 3 i n . f o r the remainder 
of the winter. This i s less than one-half the cover provided under normal circumstances, 
as the top of the usual ballast section l ies 2 i n . below the upper surface of the t ies . 

Assuming that the "f ros t l ine" coincides with the position of the 32 F isotherm, the 
depth of f ros t penetration (and "thaw penetration") at any date may be interpolated 
f r o m ground temperature curves ( F i g . 5 ) . A high degree of accuracy is desirable in 
the measurement of temperatures, however, i f the position of the f ro s t line i s to be 
determined with any precision. Despite the limitations of the instruments used, the 
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ground temperature records are believed 
to give a reliable indication of conditions 
below subgrade at Milepost 266 during 1954. 
Experience has shown that the embankment 
and cut sections are not subject to serious 
f ro s t heaving. 

With regard to the original objectives of 
-this ground temperature study, the following 
conclusions may be br ie f ly stated: 

1. In the sandy glacial t i l l which fo rms 
the usual roadbed material in the southern 
part of the Labrador-Ungava Plateau, a 
winter of average severity and a minimum 
snow cover may result in f r o s t penetration 
to a depth of 6 f t in a typical cut section and 
10 f t in a high embankment. Although the 
coldest a i r temperatures generally occur 
in January, f ros t penetration tends to con­
tinue unt i l the end of A p r i l . 

2. The f ro s t line appears to retreat 
f r o m the surface of a cut section at a f a i r l y 
uniform rate of 1 f t i n 14 days. In the case 
of an embankment, however, the melting of 
snow cover on side slopes is followed by a 
rapid thawing of the soil to a depth of about 

3 f t . Below this, the f ro s t line retreats at a rate comparable with that f o r a cut section. 
When deep f ros t penetration occurs in a high embankment, frozen ground may be en­
countered at a depth of 7 f t as late as mid-July. Similarly, below subgrade in a cut 
section, the presence of frozen ground at a depth of 4 f t is to be expected at the end of 
June. 

3. Frost penetration in organic soil with a high moisture content (natural moisture 
contents commonly exceed 200 percent) i s unlikely to exceed 1.5 f t when 2 to 3 f t of 
undisturbed snow overlie the typical surface cover of mossy vegetation. At shallow 
depths, the lowest temperatures occur late in May and are probably due to the i n f i l t r a ­
tion of ra in and melt water. Midsummer temperatures close to the surface are highest 
in August and appear to be about 5 deg lower than the maximum temperatures at cor re­
sponding depths below the rai l road subgrade. This temperature difference is attributed 
to the insulating effect of vegetation and to evaporation f r o m the surface of the poorly-
drained organic so i l . 

Ground Temperatures at Schefferville 

During the f a l l of 1953, the Division of Building Research of the National Research 
Council, in cooperation with the Iron Ore Company of Canada, initiated a program of 
ground temperature measurements at Schefferville {J). The original installation em­
ployed a number of mercury-bulb thermometers connected to either remote-reading 
indicators or automatic recorders. This installation was relocated in 1954 and since 
that t ime has provided a record of ground temperature variations beneath an unpaved 
roadway which is cleared of snow during the winter, and beneath an adjacent area upon 
which snow is allowed to accumulate. Both installations involve a very coarse-textured, 
well-drained, glacial t i l l . Under these conditions, f ros t penetration beneath the snow-
cleared surface has been found to exceed 15 f t . Undisturbed snow with a depth of 30 to 
36 i n . apparently l imi t s f ros t penetration to about 11 f t . 

Ground Temperatures at Sept-Res 

To supplement the data available f r o m Milepost 266 and Schefferville, a th i rd ground 
erature installation was made at Sept-Iles during the f a l l of 1954. Apart f r o m their 
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value to the Q . N . S. & L . Ra i lway , i t was hoped that the r e s u l t s migh t p r o v e u s e f u l i n 
the town of Sept- I les , a r a p i d l y expanding c o m m u n i t y i n t e r e s t ed i n new housing deve lop­
ments and the i n s t a l l a t i o n of wa te r m a i n s and sewers . The p redominan t su r face s o i l s 
i n the a rea a re recen t beach deposi ts of m e d i u m and c o a r s e - t e x t u r e d sand. F i e l d 
m o i s t u r e contents a r e i n the o r d e r of 6 pe r cen t . 

Seven copper-constantan the rmocoup les were i n s t a l l e d at 1 - f t i n t e r v a l s beneath the 
unpaved sur face of a busy automobi le p a r k i n g a rea ( F i g . 6 ) . T e m p e r a t u r e measu re ­
ments w e r e made us ing a po ten t iomete r i n d i c a t o r w i t h a t empera tu re -g radua ted scale 
and a range f r o m -25 F to +125 F . The l i m i t of e r r o r f o r ' t h i s i n s t r u m e n t was i n the 
o r d e r of 1 F . 

Whenever poss ib le , g round t e m p e r a t u r e observa t ions w e r e made d a i l y f r o m N o v e m ­
ber 1954 to September 1955. Al though heavy snowfa l l s w e r e c l ea r ed f r o m the su r f ace , 
an accumula t ion of compact snow and i ce developed d u r i n g the w i n t e r months . H i e 
f r e e z i n g index f o r the w i n t e r of 1954-55 was 2, 200. 

Conclusions based on the g round t e m p e r a t u r e observa t ions at t h i s i n s t a l l a t i o n inc lude 
the f o l l o w i n g : 

1 . In the absence of snow cover , f r o s t pene t ra t ion i n w e l l - d r a i n e d sand i s l i k e l y to 
exceed 5 f t , even d u r i n g a r e l a t i v e l y m i l d w i n t e r . 

2 . M a x i m u m f r o s t pene t ra t ion o c c u r s l a te i n M a r c h and the thaw i s comple ted at a 
depth of 3 f t e a r l y i n May ( F i g . 5 ) . 

3. A t depths of 1 and 2 f t , g round t empe ra tu r e s a re r e a d i l y a f f ec t ed by f l uc tua t i ons 
i n a i r t e m p e r a t u r e . 

In M a r c h 1955, the rmocoup les w e r e i n s t a l l e d i n f i v e holes d r i l l e d at r i g h t angles to 
one of the s lop ing f aces of an i r o n o r e s tockp i le at Sept - I les . The sho r t p e r i o d of o b ­
se rva t ion co inc ided w i t h the r e t r e a t of the f r o s t l ine f r o m a depth of 4 . 5 f t . Because 
i t was necessary to d iscont inue observa t ions at the end of A p r i l , the r e s u l t s a r e i n c o n ­
c l u s i v e . However , i t i s of i n t e r e s t to note that f r o s t pene t ra t ion i n i r o n o r e w i t h at 
least 2 f t of und i s tu rbed snow cove r was only s l i g h t l y l e ss than i n sand w i t h a sha l low 
cover of i ce and compact snow. Specif ic g r a v i t y of the i r o n o r e i s gene ra l ly between 
3.8 and 4 . 2 . The f i e l d m o i s t u r e content i n the v i c i n i t y of the g round t e m p e r a t u r e i n ­
s t a l l a t i on was a p p r o x i m a t e l y 12 pe rcen t . 

A p a r t f r o m p r o v i d i n g u s e f u l data concern ing the depth of f r o s t pene t ra t ion , g round 
t e m p e r a t u r e measurements i n the L a b r a d o r Peninsula ind ica te tha t a snow-muskeg 
cover i s one of the c o n t r o l l i n g v a r i a b l e s i n f r o s t pene t r a t i on . R e m o v a l o r d i s tu rbance 
of these med ia p e r m i t s deep f r o s t pene t ra t ion i n c o a r s e - t e x t u r e d so i l s and leads to the 
development of g round i ce i n f r o s t - s u s c e p t i b l e s o i l s . S i m i l a r l y , changes i n the na tu re 
and depth of su r f ace cover above f r o z e n g round may delay the comple te thawing of f r o s t 
o r g round i c e . The f o l l o w i n g examples suggest that changes i n the t h e r m a l r e g i m e can 
be p roduced by both n a t u r a l and a r t i f i c i a l means: 

1 . I n und i s tu rbed muskeg areas , i ce lenses have been encountered i n excavations 
made f o r c o m m u n i c a t i o n - l i n e po les as la te as mid -Sep tember . The development of 
s t r i ng -bogs on po t en t i a l l y d r y slopes has been a t t r i b u t e d to the e f f e c t of t h i s type of 
g round i c e . I n a r eg ion of h igh p r e c i p i t a t i o n , the presence of f r o z e n g round d u r i n g the 
s u m m e r months c rea tes wa te r logged condi t ions w h i c h a r e conducive t o the sp read of 
mossy vegeta t ion (8). 

2 . D u r i n g c o n s t r u c t i o n of the r a i l r o a d , excavat ion of a sha l low cu t a t M i l e p o s t 245 
i n September 1953 exposed f r o z e n s i l t conta in ing numerous i ce lenses , some of w h i c h 
w e r e as much as 3 i n . t h i c k . To r e m o v e a l l of the f r o z e n , but r a p i d l y thawing , m a t e r i a l 
i t was necessary to d r i l l and b las t to a depth of 6 % f t be low subgrade. A haulage r o a d 
used by t r a c t o r s d u r i n g the two p r e v i o u s w i n t e r s c ros sed the r a i l r o a d r i g h t - o f - w a y at 
t h i s l oca t ion and i s be l i eved to have c o n t r i b u t e d to the development of mass ive g round 
i ce t h rough the r e m o v a l of snow and vegeta t ive cove r . 

R A I L R O A D M A I N T E N A N C E 

F r o s t ac t ion a f f e c t s the roadbed of the Q. N . S. & L . Ra i lway i n a number of ways , 
p i l lows: 
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1 . D i f f e r e n t i a l heaving of t r a c k . 
2 . Reduct ion i n l o a d - c a r r y i n g capaci ty of the subgrade d u r i n g the thawing p e r i o d . 
3. I c ing cond i t i ons . 
4. Sloughing of cut and embankment s lopes . 

Maintenance f o r c e s a r e occupied w i t h one o r m o r e of these man i fes t a t ions of f r o s t 
ac t ion f o r many months each y e a r . 

F r o s t Heaving 

The f a c t that o r e - h a u l i n g opera t ions a re r e s t r i c t e d to the p e r i o d between May and 
November a l l ev i a t e s , to some extent, the ser iousness of heaved t r a c k . Never the less , 
because a t y p i c a l f r o s t heave invo lves d i s t o r t i o n of on ly a f e w fee t of t r a c k , the abrupt 
change i n r a i l e leva t ion mus t be reduced by s h i m m i n g r a i l s f o r some distance on e i ther 
side of the heave. Ground t e m p e r a t u r e observa t ions suggest that when s h i m m i n g o p e r a ­
t ions a r e under taken i n m i d - w i n t e r ( f o r example, i n F e b r u a r y ) , the inev i t ab le c l e a r i n g 
and compac t ion of snow cove r may se rve to i n t e n s i f y f r o s t a c t i on . 

'Exper ience has shown tha t the m o r e se r ious heaves ( i n excess of 5 i n . and , excep­
t i o n a l l y , as much as 12 i n . ) occur on the i n t e r i o r p la teau and invo lve s i l t , s i l t y sand, 
o r s i l t y g l a c i a l t i l l . The mos t t roub lesome of these f r o s t - s u s c e p t i b l e so i l s a r e gener ­
a l l y associa ted w i t h lakeshore areas where long sect ions of sha l low embankment a l t e r ­
nate w i t h sha l low cuts i n s i l t y sand o r s i l t y g l a c i a l t i l l . 

P e r f o r m a n c e i n embankment sect ions i s gene ra l l y good when the depth of f i l l i s at 
leas t 5 f t . The h igh m o i s t u r e content of the organic subso i l i s e f f e c t i v e i n r e t a r d i n g 
f r o s t pene t ra t ion and p reven t s the f o r m a t i o n of i ce lenses i n the u n d e r l y i n g s i l t . When 
se r ious f r o s t heaving does o c c u r i n sha l low embankment sect ions i t can o f t e n be c o r r e ­
la ted w i t h the presence of b u r i e d s tumps o r e r r a t i c bou lde r s . 

Because h igh ly f r o s t - s u s c e p t i b l e s o i l s a r e o f t e n encountered beneath the o rgan ic 
su r face cover , pronounced heaving o c c u r s when the roadbed i s a t g rade . Th i s condi t ion 
i s r e a l i z e d at the ends of cu t sect ions , where maintenance r e q u i r e s ea r ly s h i m m i n g 
d u r i n g the w i n t e r and the ad jus tmen t of sh ims as the f r o s t leaves the g r o u n d . F o r t u ­
na te ly , a l though heaves of t h i s type v a r y i n magni tude, they o c c u r at the same loca t ion 
each yea r and t h e i r cause i s r e l a t i v e l y easy to d e t e r m i n e . Excavat ion and b a c k f i l l i n g 
may t h e r e f o r e be under taken w i t h some assurance tha t the condi t ion w i l l be r e l i e v e d . 

D u r i n g c o n s t r u c t i o n , cu t sect ions i n s i l t y so i l s we re o f t en r ende red impassable to 
heavy t r a f f i c and i n a f e w instances i t was necessary to r e s o r t to such doub t fu l expe­
dients as c o r d u r o y . Modera te heaving ( 3 to 5 i n . ) i s c o m m o n i n these cuts and i s 
p a r t i c u l a r l y objec t ionable because the loca t ion of heaves v a r i e s f r o m yea r to y e a r . 
Subsurface condi t ions a r e conducive to the f o r m a t i o n of wa te r pockets and the f r e e z i n g 
of impounded w a t e r i s r espons ib le f o r one f o r m of g round i c e . Ice segregat ion may also 
o c c u r i n the s i l t y s o i l u n d e r l y i n g the b u r i e d t i m b e r . Two f a c t o r s be l i eved to con t r ibu te 
to the s e v e r i t y of f r o s t heaving i n these s i tua t ions a r e ( a ) heavy r a i n f a l l d u r i n g the 
weeks p r eced ing the onset of the f r e e z i n g season, and ( b ) deep side d i tches that en ­
courage the pene t r a t ion of f r o s t . 

Maintenance d i f f i c u l t i e s , and the lengthy p e r i o d s d u r i n g w h i c h s low t r a i n speeds mus t 
be imposed , w a r r a n t cons ide ra t ion of l a r g e - s c a l e r e m e d i a l measures i n t roub lesome 
cut sec t ions . In the case of one such cut , the r e l o c a t i o n of 6 ,000 f t of t r a c k has been 
undertaken—an opera t ion i n v o l v i n g 47,000 cu y d of excava t ion . 

E f f o r t s a r e be ing made to obta in a pe rmanen t i m p r o v e m e n t of f r o s t heave condi t ions 
th rough ( a ) dra inage i m p r o v e m e n t s , ( b ) excavat ion and b a c k f i l l i n g , and ( c ) widen ing 
cuts and embankments and u s ing c r u s h e r - r u n g r a v e l as t r a i n - f i l l o r sub-ba l l a s t . H i e 
sho r t maintenance season ( o n l y s l i g h t l y longer than the 200-day opera t ing season) 
seve re ly l i m i t s the v o l u m e of w o r k tha t can be accompl i shed annua l ly . T h e r e f o r e , 
t e m p o r a r y measures f o r c o n t r o l of f r o s t heaves a r e i m p o r t a n t a t p r e sen t . 

A d m i x t u r e s used to date inc lude sod ium c h l o r i d e , c a l c i u m c h l o r i d e , and spent s u l f i t e 
l i q u o r . H i e r e s u l t s achieved b y these t r e a t m e n t s a r e d i f f i c u l t t o evaluate, inasmuch as 
dra inage i m p r o v e m e n t s and the l i f t i n g of t r a c k have a lso con t r i bu t ed to the p e r f o r m a n 
of the roadbed. However , a l l t h ree a d m i x t u r e s a r e be l i eved to have been e f f e c t i v e 
r educ ing the amount of heave. I n j e c t i o n of spent s u l f i t e l i q u o r i s undoubtedly the : 
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durab le f o r m of t r e a t f n e n t . However , i t i nvo lves the use and t r anspo r t a t i on of s p e c i a l ­
i z e d equipment , a m a t t e r of some impor t ance on a s i n g l e - t r a c k r a i l r o a d w i t h heavy 
t r a f f i c . 

Subgrade Support 

The length of t i m e r e q u i r e d f o r comple te thawing of the roadbed to take place has 
been de t e rmined by g round t e m p e r a t u r e measurements and c o n f i r m e d by excavat ion . 
Loss of subgrade suppor t f o r the t r a c k s t r u c t u r e d u r i n g the s p r i n g and s u m m e r months 
i s caused by excessive m o i s t u r e i n the roadbed and becomes apparent i n pumping t i e s , 
f o u l e d ba l l a s t , and rough t r a c k . Thawing of segregated i ce accounts f o r i so la ted sof t 
spots i n the roadbed, but heavy r a i n f a l l and the presence of f r o s t a r e the p r i n c i p a l o f ­
f e n d e r s . A steady i m p r o v e m e n t i n t h i s cond i t ion i s being r e a l i z e d th rough the use of 
deep ba l l a s t sect ions that reduce the load on the subgrade. The o c c u r r e n c e of f r o s t 
b o i l s has been a l m o s t e n t i r e l y e l i m i n a t e d i n t h i s way . 

I c ing Condi t ions 

I n the r i v e r v a l l e y s of the Lauren t i an F r o n t , r o c k s tend to be j o i n t e d and f i s s u r e d . 
Water seeping t o w a r d the roadbed causes i ce to accumula te i n side d i t ches and eventu­
a l l y to b lock c u l v e r t s and o v e r - r u n the t r a c k . Use of heat ing cables i s j u s t i f i e d i n the 
m o r e se r ious s i tua t ions , such as those i n v o l v i n g tunne ls . Permanent i m p r o v e m e n t s 
a re poss ib le in many cases th rough c o l l e c t i o n and d i v e r s i o n of su r face w a t e r s . Thaw­
ing of c u l v e r t s a t the end of the w i n t e r f r e q u e n t l y r e q u i r e s use of s t eam. 

Sloughing of Slopes 

Cut slopes i n the banded s i l t y c l ays associa ted w i t h the n o r t h shore lowland of the 
St. Lawrence a re p a r t i c u l a r l y p rone to s lough. Ice lenses develop i n the s i l t y s t r a t a 
and s loughing begins w i t h the f i r s t p e r i o d s of b r i g h t sunshine i n the s p r i n g . Cut slopes 
tend to become m o r e s table f r o m the s t a n ^ o i n t of s loughing as a weathered su r face 
l aye r develops . The weathered c r u s t does not suppor t the g r o w t h of i ce lenses to the 
same extent as the parent m a t e r i a l and i s m o r e to l e r an t of vege ta t ion . Use of a b lanket 
of g r a n u l a r m a t e r i a l has been found to be b e n e f i c i a l i n p r even t ing s loughing i n cases 
where seepage does not occur a long the sand-c lay i n t e r f a c e . 

A C K N O W L E D G M E N T S 

A c c u m u l a t i o n of f r o s t ac t ion data f o r m s p a r t of the ma in tenance -o f -way p r o g r a m of 
the Quebec N o r t h Shore and L a b r a d o r Ra i lway , and i s under the d i r e c t i o n of B . M . 
Monaghan, Chief Eng ineer . 

The author has d r a w n f r e e l y on m a t e r i a l i n unpubl ished r e p o r t s of K . B . Woods, 
P r o f e s s o r of C i v i l j i n g i n e e r i n g , Purdue U n i v e r s i t y , and J ingineer ing Consultant to the 
R a i l w a y . Si)ecial acknowledgment i s due R. F . Legget, D i r e c t o r , D i v i s i o n of B u i l d i n g 
Research , Na t iona l Research Counc i l of Canada, and m e m b e r s of h i s s t a f f , who have 
main ta ined a l i v e l y i n t e r e s t i n the m a t t e r of g round t e m p e r a t u r e measurements in 
L a b r a d o r . 

The paper i s p resen ted w i t h the p e r m i s s i o n of J . A . L i t t l e , Genera l Manager , Quebec 
N o r t h Shore and Lab rado r R a i l w a y . 
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