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PREFACE

This report is one of several reports and
papers which have been prepared by the Snow and Ice
Section of the Division as a contribution to the
safe use of ice covers for transport and for pulp
wood landings. As is often the case in engineering
applications, there is much to be learned from careful
study of field experience. The Division has been
privileged to have very substantial co-operation from
the Canadian Pulp and Paper Association and in
particular from some of the member companies in the
collection and submission of field information, some
of which is now presented and analyzed.

The author, a research officer with the
Division, is head of the Snow and Ice Section, and
has devoted much time to studies of the strength of
ice.

Ottawa N. B. Hutcheon
August 1961 Assistant Director



USE OF ICE LANDINGS

by
L. W. Gold

A Survey on Loads Placed Successfully on Ice Covers

~ In the fall of 1958 the Snow and Ice Section of the
Division of Building Research, in co-operation with the
Canadian Pulp and Paper Association, and through the Associate
Committee on Soil and Snow Mechanics of the National Research
Council, undertook a survey on the failures of ice covers
that occurred during the construction and use of ice landings
for wood storage by pulp and paper companies. The obserxrva-
tions obtained in the winters of 1958-59 and 1959-60 have
been reported (1l). These observations showed that many of
the vehicles broke through ice that would normally have been
considered thick enough to suppoxrt the loads applied. This
indicated that factors other than ice thickness were probably
responsible for some of the failures that occurred in the
course of normal operations on the landings. To obtain
further evidence on this point, a study was undertaken in
the winter of 1960-61, of the loads which pulp and paper
companies successfully placed on frozen lakes and rivers,
-and of the associated ice thicknesses.

Rose and Silversides estimate that some 10 to 15
million tons of pulp wood are placed on ice covers each
winter (2). To attempt to record all this activity would be
unrealistic, With the assistance of the Canadian Pulp and
Paper Association, arrangements were made for 4 companies to
each record, on special forms, details concerming the ice
cover and the wood placed on one landing. During the winter,
other companies indicated their willingness to participate
in the survey and contributed observations. Table I records
the approximate size of the landings observed, the approxi-
mate weight of the wood placed on the landing, and the
number of trips required to place the wood.

Besides a complete record for one landing one
company submitted a partial record of the wood placed on 6
additional landings. This record, summarized in Table II,
included the total number of cords of wood placed, the
associated number of trips, details on ice thickness and
sample observations of the daily traffic. These observations
wexre not complete enough to be included in the general
analyses but samples of daily traffic indicate that they
support the general conclusions obtained from the observa-
tions in Table I.

When completed, the survey had recorded over 64,000
loads for a total of over 850,000 tons of wood placed on ice
covers, Twelve breakthroughs only were reported during the
placing of this wood. Elight companies placed their wood




without any failures. Some of these companies have operated
their landings for 2 or more years without accident.

OBSERVATIONS

A special form was prepared and distributed to the
companies participating in the survey (Fig. 1). This form
was used daily to record the total weight of wood placed on
each landing, the number of trips required to place this wood,
the type of vehicles used, the weight of the largest load
placed, the thickness of the ice cover and the thickness of
the white ice. From observations on the number of trips and
the total weight of wood placed, the average weight per trip
on ice of given effective thickness could be calculated.
Information on the maximum loads would indicate the spread
in size of the loads allowed on the ice dquring the period
for which average loads were calculated.

ANALYSIS OF THE OBSERVATIONS

Theoretical considerations show that the maximum
stress, S, produced 'in an ice cover is directly proportional
to the applied load, P, and inversely proportional to the
square of the effective thickness, h; i.e.,

where C is a proportionality factor that depends on the
properties of the ice, the geometrical configuration of the
load, the location of the load with respect to cracks in the
cover and the nature of these cracks. The effective thickness
was obtained by adding one-half of the measured thickness of
white ice to that of good clear ice. With a good ice sheet
and moving vehicles whose wheel geometry does not change very
much from one vehicle to another, C can be considered constant.

The ratio -, = S/C is called the "ice loading" in this report.
n

_ Prom the records, the observed values of the average
load, P, and the maximum load Pm for each landing were determined
for effective ice thicknesses in steps of 1 in. In Fig. 2,

P in 1b is plotted against effective ice thickness h, in in.
Shown in the same figure for reference are the lines defined

by P=50h2 and P=250h2. All breakthroughs reported to date have

occurred for loads greater than P=50n° (1). P=250n° defines
approximately the upper safe limit that has been recommended
in the literature for those situations where some risk is
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acceptable. The ratio of P and Pm to the square of the
effective thickness of the ice was calculated. In Fig. 3,

?/h2 is plotted against the ice thickness along with Pfail/h2
obtained from the breakthrough reports received to date.

P/h2 is plotted against Pm/h2 in Fig. 5. Figure 4 shows the
observed number of loads placed on the ice during the ice use
survey for each ice thickness in steps of 1 in. In the same
figure is shown the number of breakthroughs recorded since
the fall of 1958.

It could be argued that the calculation of effective
ice thickness in the manner done in this report is not justified.
The rule of giving to white ice an effective thickness of half
its measured thickness is one which has been adopted by a
number of authors. It probably originated from investigations
made by the Russians prior to 1939. 1Its continued use is not
an indication of its validity but rather of the lack of know-
ledge on the strength properties of white ice. This rule was
used in (1) and has been adopted in this report for the
following reasons:

(1) The quality of the white ice formed on the landings is
variable. The mechanical properties of this ice depend
upon its quality.

(2) The bonding strength between successive layers of white
ice is variable. Some breakthrough observations
indicate a failure of the cover between such layers.

(3) It is unlikely that properly prepared white ice has a
strength as low as one-half that of good clear ice (5).
Assuming that it does have a strength equivalent to one-
half its thickness of clear ice will ensure that the
resulting prediction of the bearing capacity will be on
the safe side.

(4) Assigning to white ice this effective thickness will
draw attention to the fact that the strength of such
ice is less than that of good clear ice and that it
depends upon the quality and thus upon the techniques
used in preparing the landing.

Calculating the effective thickness in this way
will normally change the measured thickness by no more than
25 per cent and usually less than 15. Changing thicknesses
by this amount will not greatly affect the limits on the
bearing capacity of ice covers obtained from the present
surveys, nor will it significantly modify the general con-
clusions that were obtained from the study on the use of ice
landings. ‘



DISCUSSION

Figures 2 and 3 show that many of the reported ice
fajilures occurred for loadings that are normal for operation
of the Pulp and Paper Industry. This confirms the observa-
tion that factors other than ice thickness must be responsible
for these failures.

To define more precisely some of the factors that
could be contributing to the ice fallures, a revised break-
through report was prepared and distributed in the fall of
1960, Besides the specific information deemed important
from earlier breakthrough observations, an opinion as to the
cause of the failure was requested. The breakthrough observa-
tions obtained during the winter of 1960-61, combined with
the observations of previous years, confirmed that vehicle
speed is one contributing factor. For ice thicknesses and
water depths normal for landings, vehicle speed should be
kept below 5 mph to ensure that the cover will not be unduly
stressed by this effect.

Reports showed that some faillures may be associated
with a drop in temperature sufficient to cause thermal cracks
in the ice. Observers commented on the very brittle nature
of the ice under this condition. This brittle behaviour may
be due to the presence of thermal stresses. Such observa-~
tions suggest that extra precaution be taken when placing
loads on ice covers following a marked drop in temperature,
and in particular to keep vehicles well away from any cracks.

Some of the failures occurred on the access roads
from the shore under conditions that suggest erosion of the
ice from currents or a bridging effect between the shore and
the floating ice cover, a possible result of lowering the water
level. A number of failures were associated with multi-layered
ice covers, i.e. ice layers separated by a pocket of water or
air. Such defects in the cover may be caused by a changing
water level or poor flooding practice.

During a visit to one of the landings, the foreman
described another source of failure confirmed later by one
of the breakthrough reports. If the loads are large enough
to crack the ice under the vehicle, then continuous use of a
road by vehicles carrying such loads can cause severe cracking
and a considerable depression of the ice in the immediate
vicinity. This deterioration of ice by traffic can be con-
trolled by moving the road at least one truck width about
every two hours, depending on the traffic.



An interesting fact which the survey revealed was

the marked decrease in the ratio ?/h2 as the thickness of ice
increased. The reason for this is obvious. For each landing
there is a particular increase in ice thickness with time and
so the ice thickness axis in Figs. 3 and 4 can be visualized
as a time scale. At a given ice thickness, usually about 16
in. for most landings, loads are allowed on the ice. Experience
has determined the size of the load that can be placed on the
ice at this time. For a five ton truck this is usually 8 to
10 tons, a little over » the capacity of the truck, giving a
gross weight of about 20 tons. As quickly as possible, the
loads are increased to the full capacity of the truck. This
loading of 20 to 25 tons is usually achieved by the time the
ice is 20 in. thick. For ice thickness greater than 20 to

25 in. the factor limiting the size of the load placed on

the ice is the capacity of the truck and not the thickness

of the ice. When the maximum loading of the truck has been
reached, the ice loading decreases with increasing ice thick-
ness (Fig. 3).

At any time the maximum load on the landings under
observation was usually within 20 per cent of the average load
(Fig. 5). This is probably because there was normally not a
very large variation in the capacity of the trucks used on
each landing and each carried the greatest possible load. A
notable exception is shown by the observations plotted as
circles where the maximum loads greatly exceed the average
loads, particularly for the higher loadings. It is of interest
that 5 of the 12 breakthroughs recorded in the ice use survey
occurred on this landing.

It is a common field observation that cracking
occurs in the immediate vicinity of a vehicle when the ice

loading, P/n°, is about 150 1b/in°. This indicates that the
ice loading for collapse of the ice cover is probably less

than 300 lb/in2 (3,4). The maximum load reports contained in
this report and in (1) show that the ice loading for the

collapse of a good ice cover must be greater than 250 1b/in2.
The limiting value for P/h2 is thus probably between 250 and

300 1b/in2. This indicates as shown in Fig. 3, that during

the early part of the season, when the effective ice cover is
less than 20 in., the reserve of strength in the cover is

often less than 100 per cent of the applied load. As the season
progresses, the situation improves. When the ice thickness

is 25 in. or greater, the reserve of strength is often 200 to
300 per cent of the average load being placed on the cover.

The way in which companies have naturally taken
advantage of this fact in practice is shown in Fig. 4 where
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the intensity of -the traffic gradually increases with increasing

thickness (or the equivalent, decreasing ?/h2) so that most
of the wood is placed on the ice when there is a comfortable
margin of safety. This fact is reflected in the breakthrough
observations where the majority of failures occur for ice
thickness less than 20 in., whereas most of the wood is
placed on the ice when the thickness is greater than 20 in.
(Fig. 4).

Although many ice failures occur for ice loadings
that are quite normal, the studies indicate that they are
confined primarily to the construction period of the landing
(Fig. 4). This suggests that the ice cover is more sensitive
to the additional factors that contribute to breakthroughs
when its thickness is less than 20 in. Stressing and <racking
of the ice by naturally occurring temperature changes wculd
produce such behaviour.

CONCLUSIONS

The study on the loads placed successfully on ice
covers by pulp and paper companies show that factors other
than ice thickness must be responsible for many of the failures
occurring during normal operations on ice landings. Break-
through observations indicate that these additional factors
are probably -

(1) vehicle speed;

(2) crack formation and the development of thermal stresses
by naturally occurring temperature changes;

(3) fatigue of the ice cover through repetitive loading;

(4) formation of multiple ice layers separated by air or
water pockets; and

(5) erosion or bridging of the ice cover near the shore.

The majority of failures reported occur for ice thicknesses
less than 20 in.  For these thicknesses, the ice loading for
the year is greatest and the ice cover is likely most sensitive
to temperature changes. Most of the wood is placed on the
landings when the ice thickness is greater than 20 in. By
giving careful attention to the factors listed above, it should
be possible to reduce the frequency of occurrence of vehicle
breakthroughs without reducing the average weight of the loads
now placed on ice covers. In some cases, it should be possible
to increase this average weight.
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TABLE I

WEIGHT OF WOOD AND NUMBER OF TRIPS ON LANDING

Approximate area
covered with wood

Approximate
weight (tons)

Number of
truck trips

Average weight
wood per trip

(tons)

115 166,364 8,577 19.4
544 168,341 10,193 16.5
22,6 10,861 1,045 10.4
8.4 760 171 4.5
48 71,184 4,136 17.2
39 37,250 2,493 14.9
16 12,810 872 14.7
14 14,4453 1,121 12.9
8 5,569 365 15.3
30 28,113 3,003 9.4
110 113,765 T,411 15.4
97 78,288 5,522 22.2

707,748 42,909
TABLE I

WEIGHT OF WOOD AND NUMBER OF TRIPS ON LANDING

Approximate area
covered with wood

Approximate
weight (tons)

Number of
truck trips

Average weight
wood pexr trip

(tons)

27 25,500 34550 T.2

17 20,600 3,754 5¢5

58 22,700 3,076 7.4

28 28,200 3,569 7.9

32 24,800 3,896 6.4
150,900 21,439




Report con the Use of Iee Landings

Name of
Company River or lake
Locaticon of landing
Total area of landing Acres.
Total for day Means of transport |
Ice thick- Weicht of ie.20 loads horse Weight of larges™ load for
ness in. No. of lwood or plus sleigh, 1k day (vehicls plus load,

Data ToTaIllWhitec| Loads [No. of cords|loads L ton truck {(lbs.)

Gross area of landing covered with logs at last date Acres.

Reamrks(If loads given in cords, give average weight of 1 cord.)

1nis form when completed to be returned to -
Secretary,
Subcommittee on Snow and Ice,
Asscciate Committee on Soil and Snow Mechanics,
National Research Council,
Ottawa, Ontario,

FIGURE 1. FORM USED TO REPORT THE USE OF ICE LANDINGS
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