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Introduction

Frozen lakes and rivers are widely
used inr Canada for transportation pur-
poses. It is therefore of importance
to determine the depenidence of the
bearing capacity of an ice cover on
the physical properties of the ice. Be-
cause the knowledge of how ice be-
haves when under load is still very
incomplete, it is impossible at this
time to calculate with confidence the
bearing capacity of an ice cover from
the information now available on the
elastic and plastic behaviour of ice.
As is often the case in such circum-
stances, recourse is made to the em-
pirical approach. Those who use ice
covers continuously for transportation
purposes, develop through experience
a knowledge of the load which can
be transported safely over ice of given
thickness and quality. Unfortunate-
ly, this experience gained in the field
is rarely recorded and therefore not
generally available.

The pulp and paper industry makes
continuous use of frozen lakes and
rivers in their logging operations.
With the assistance of the Woodlands

Paper presented at the Annual® Meeting
of the Woodlands Section, Canadian Pulp
and Faper Association, held in Montreal,
Que., March 22, 23, 24, 1960.

Section of the Canadian Pulp and
Paper Association, the National Re-
search Council undertook a project
to record some of the experience of
this industry in their use of ice covers.
A form was prepared upon which
companies could record relevant de-
tails whenever a vehicle or horse
broke through the ice. A second
form was prepared which asked for
the maximum load that was success-
fully placed on the ice, and the asso-
ciated ice thickness and quality. Cop-
ies of these forms were distributed
to the pulp and paper companies
through the Canadian Pulp and Paper
Association. This report contains a
summary of the information obtained

‘from the forms which were returned

to the National Research Council dur-
ing the winter of 1958—59 and part
of the winter of 1959—60. The ob-
servations are compared with some
of the formulae available in the litera-
ture for predicting the bearing capac-
ity of an ice cover and implications
arising from the comparison are dis-
cussed.

Observations

The information obtained from the
reports is summarized in Tables I
and II. In each case, the loads given
are those contained in the report. No
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attempt was made to take into ac-
count wheel or track spacing when
calculating the load on the ice. It
was thought that this refinement was
not warranted at this time.

In calculating the effective ice
thickness, it was assumed that two
inches of white ice was equivalent to
one inch of good “blue ice”. For ex-
ample, if the measured ice thickness
was 30 inches, of which 10 inches
was white ice, the effective ice thick-
ness was recorded as 25 inches.

In Fig. 1, the logarithm of the ob-
served load is plotted against the log-
arithm of the effective ice thickress.
Some information on the ice thickness
required by various companies before
given loads are allowed on the cover
was available and this is plotted in
Fig. 2 as “experience data”.* Also
shown in Fig. 2 are the observations
on the maximum load successfully
placed on the ice cover.

Discussion
There is now available in the litera-
ture, a number of formulae for the

prediction of the safe load-bearing
capacity of an ice cover. Many of

*The author is indebted to C. R. Silver-
sides for making this information avail-
able to him.



TABLEX

PULP AND PAPER SURVEY OF BEARING STRENGTH OF ICE: RESULTS FROM BREAKTHROUGH
AND MAXIMUM LOAD REPORTS

Speed Snow |Temp. | Symbol
Vehicle Weight (tons) Ice Thickness (in.) (mph) | Depth (in.) (‘l'?) (FQ:’) Remarks
Vehicle Load Total | Measured White Effective
Tr 3 —_ 3 3 —_— 3 5 10 | ]
T 55 96 15.1 15 6 12 3 10 a 20’ from shore, lake shallow, bottom* hot”".
T 3 65 95 8 4 6 parked 1] a Parked 1 min, backed off slushed area, rear
‘wheels went through.
H — = 0.83 4 2 3 7 15 {'eetbmke in front — horse went in head
. wrst.
B 23 1.5 ;38 - 8 4 6 5 2 20 A On narrow river near bank, ice underlain by
: air space.
T 4 45 85 12 9 "5 10 2 6 a
Tr 8 — 8 123 13 115 [/ —-10 ® Creek landing, scraping ice.
B 1.5 16 31 —_ — 5.5 3 4 -5 A Travelling on creek, ice thickness varied
between 1 and 10 inches.
T 8 — 8 13 1 12.5 1 2 —10 ® Creek landing — scraping road, water
depth 4’ max.
H — — 0.7 6 4 4 0 —10 Scraping ice, water level changing.
H —_ —_ 0.85 6 ‘4 4 (/] —10
T 10 135 235 27 1 215 12 (1] -1 A Lake , ‘‘hot” bottom, depth 20/,
week of +35°F followed by —2°F.
2’ snow off road, note speed.
B 14 — 14 3 2 2 8 6 5 3 ice ran from sink hole to shore.
20’ ahead atid behind vehicle 9 ice,
B 14 — 14 7 4 5 5 —20 [ =
T 5 8.7 147 18 —_ 18 a5 5 15 A 1 rear dual through first, 50’ further second
Imvel stopped with rear sunk to plat.form
{5
H 0.75 32 395 5 3 35 2 30 Datible layer of ice with 2” between,
Tr 1.65 035 20 -_ 8 7 —~30 A Pulling empty tank, tank did not go through
B 1.7 1.7 14 9 85 | parked 5 N —10 A Double layer of ice with 3' water between,
parked 1 min.
T 55 1125 16.75 19 1] 19 10 0 -35| M Both rear wheels went through.
T 38 90 1238 19 0 19 20 0 -=35 [ ] One rear wheel went through.
T 4.15 90 13.15 22 0. 22 parked -35 ] One rear wheel went through, parked for 2
minutes.
T 4.15 1025 144 20 1] 20 parked 0 —25 [ ] One rear wheel went through, parked for 2
minutes.
T 5.65 9.0 14.65 22 12 16 4] 0 [ | One rear wheel went through.
T 5.6 10.25 15.65 19 19 [ =35 [ | One rear wheel went through.,
H 1.6 23 39 4 2 —_ 8 —20 [ ]
H 0.75 1.0 1.75 4_ 4 o 6 10 [ ]
H 09 135 225 6 4 4 — 2 8 ®
T 6.5 11.0 175 21 12 25 parked 4 —-10 [ J Parked 2 minutes.
T 6 110 170 6 3 45 1 2 ~10 [ J
T 5 8.25 1325 4 4 1 4 -5 ®
T 4.2 1.5 5.7 17 13 1 3 —-12 [ J
T 10 15 22 12 16 15 2 —10 A
k1 5 135 185 21 4 19 parked 4 20 A Side of truck closest to shore went through,
Water level changing.
T 45 (1} 45 6 2 5 5 2 —-10 A Accident on river. 100 feet from truck 18°
ice.
T 4.5 125 170 18 4 16 parked 3 10 A Ice in 2 la; .with 2 water between, rear
went .
T 4.0 135 175 18 6 15 5 2 10 A Ice in 2 layers with 2° water between, rear
end broke through.
Tr 275 — 2.75 8 4 6 2 8 15 A Went through *““warm hole™. Ice 14 thick
around place where tractor sank.
T 54 135 189 19 8 15 8 1.5 —~22 Heaviest of 30 loads already passed over,
& Ice surrounding about 22 ° thick.
T 16 22 17 13 105 5 2 —-30 A Ice in 2 layers with 2° water between.
T 9 13 14 6 11 5 3 8 [}
T 15 27 42 29 5 26.5 2 1 —29 ‘mn
T 62 268 14 14 1 1 —16 [ ] Rear wheels went thtough 14" ice near
. shere, cabon 277 ice
Tr 35 125 16 19 6 13 3 3 15 A 4 layers ice with water between ﬂm:hleu
water plusice24”
T 9 21 30 18 4 16 15 1 8 A
T = Truck
H = Home
Tr = Tractor
B = Bombardier




these formulae are too complicated"

for general application. In practice,
it is often assumed that the allowable
load is proportional to the square
of the ice thickness or

P=Ah? ;
where P is the allowable load in ton
h is the effective thickness of
the ice in inches
A is a constant which depends
on the quality of the ice, the
geometry of the load and the
factor of safety appropriate for
the situation.

Some published curves giving for a
single vehicle the safe load for ice of
given thickness are presented mn Fig.
2. In Fig. 3 are plotted some of the
calculated safe ice thicknesses which
have appeared in the literature for
given individual loads. ’

In Fig. 1 is shown the line P =
0.025 h2, below which all except one
of the observed breakthroughs oc-
curred. This line is drawn in Figs. 2
and 3 so that the maximum load ob-
servations, experience criteria and in-
formation obtained from the literature
could be compared with the break-
through observations. Also shown in
the figures is the line P = 0.125 h?,
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Fig. 1. Failure load and the associated effective ice thickness.

——TABLE II
MAXIMUM LOAD REPORTS
it Welght (toqs) Ice Thickness (in.) oo
Vehicle Load | Total Measured White | Effective in. Remarks
T ' 10 25 35 | 42 11 36.5 11
Tr 17.2 17.2 28 0 28 12
T 23 30 20 20
T 8.85 18.9 27.75 30 24 18
T 16.25 30 46.25 24 4 22 6
T 140 38 52 28 0 28
T 12 32.1 44.1 30 8 26
T 10.25 18.55 28.80 36 6 33 3
T 11 9 20 23-29 5 20.5-26.5 36
T 18 13 31 31-33 6 28-30 36
T 11 7 18 26 6 23 30
T 8.5 15.8 24.3 23 4 21 2 Mild weather followed by severe cold checks ice —
extreme caution necessary.
T 15.05 26.65 42.70 24-42 5 21.5-39.5 2
T 85 158 243 24-44 2343 2
T 1 15.5 265 30 18 21 -4
T 5 26 31 30 18 21 30
T 28 37.4 654 38 26 25 [
T 7 150 22.0 30 15 225 4
T 35 15.5 19 17 4 15 10
T 4 9 13 - 16 8 12 4 Consider 16* for safe landi
T 14 38 52 34 6 31 (1]
T 10.5 189 294 30 12 24 o
T 93 210 30.3 28 0 28 1]
T 155 378 53.3 38 17 295 1
T = Truck
Tr = Tractor
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ice thickness for given loads lying be-
tween P — 0.07 h* and P = 0.125 h*®
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P— 0.125 h*, P=0.07 h* and P =
0.025 h* as defining regions of de-
creasing degree of risk, it is seen from
Tie 1 that ant of AN nhearvard ice fail.
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