Annals of Glaciology 26 1998
(© International Glaciological Society

Snow-creep forces on masts
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Department of Geolechnical Engineering, Norwegian University of Science and Technology, N-7034 Trondheim, Norway

ABSTRACT. Since 1975, the Norwegian Geotechnical Institute has performed field
investigations of snow-creep forces on masts at the research site in Grasdalen, Stryn
mountains in Norway. Two poles, with diameters of 419 and 219 mm, respectively, were
crected at the site together with a retaining structure. On both poles, strain gauges were
mounted in pairs every 0.3 m to find the axial stresses and the moments in different sec-
tions. In the middle section of the retaining structure, the beams and supporters were in-
strumented to obtain measurements of the strains and stresses. Snow glide was controlled
by glide shoes mounted at the rock surface above the structures.

During the winter, snow profiles were made systematically; these included measure-
ments of snow depth, density and temperature, and observations of snow type and moisture
content. By relating the measured stresses and moments in the structures to the snow depth,
it was possible to find the snow-pressure distribution. A comparison of the snow pressures
with the “Body force index™ (product of snow depth h, density p and acceleration due to
gravity g), show a close relationship for the wall element. For the pole elements, the snow
temperature during the winter is an added factor of high importance and the highest pres-
sures on these elements occur in winters with long periods of 0°C isothermal snowpack.

INTRODUCTION

Because snow creep causes failure in masts almost every
winter, the Norwegian Water Resourses and Electricity
Board (NVE), which is responsible for the electricity trans-
mission lines, was interested in co-operating with the Nor-
wegian Geotechnical Institute (NGI) to develop a study of
snow-creep lorces on different masts. The goal was to find
new mast types which could be used in terrain with deep
snow and to find design criteria for different constructions.

The research site is a 40 m wide and 30 m long rock sur-
face tilting at 25° to the east, and the masts were located at
an elevation of 1150 m a.s.l. in the lower part of this site. The
investigations were performed close to NGI's field station in
the Styn mountains, 100km from the coast in western
Norway, where the coastal climate has a strong influence on
the weather and snow conditions. The average annual preci-
pitation in this area is close to 3 m. At the site, the maximum
snow depth, which occurs each winter between late March
and early May, varies between 2 and 6 m.

Different types of masts and a retaining structure were
erected in 1975 (Larsen, 1982). As Nature is unpredictable
concerning weather and snow conditions, it took vears to
discover design load situations. For the retaining structure,
a clear relationship was discovered between the snow pres-
sure and the “Body force index™ (product of snow depth h,
density p and acceleration due to gravity g) (McClung and
others, 1984; Larsen and others, 1985), In the late 1980s and
carly 1990s, new relationships of interest were found for the
single-pole elements that totally changed the previous con-
ceptions; they showed that the pressure on a single-pole ele-
ment is strongly influenced by the temperature in the
snowpack during the winter.
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INSTRUMENTATION

‘Two instrumented tube-formed poles and a retaining struc-
ture were used as elements in the project. In 1975, a 6 m high
tube-formed mast with a 419 mm diameter was erected per-
pendicular to the slope. Another mast, 4.5 m high, and with
a 219 mm diameter, was erected on the slope in 1983.

Each mast was instrumented with vibrating-wire strain
gauges every (.5 m to obtain the axial stresses and moments
at different heights (Larsen and others, 1989). A retaining
structure, which is a standard element in avalanche-protec-
tion measures, was also erected at the same site in 1975 in
order to investigate the snow-creep lorces on the wall ele-
ment. This structure comprised three 5m long and 3.2m
high sections; only the middle section was instrumented
with strain gauges to obtain measurements of the stresses in
beams and supporters (Larsen and others, 1985).

Prior to 1987, the strain data were transmitted to NGI’s
research station at an elevation of 930 m, 700 m downslope
from the site. During the last 10 years, a data logger at the
site has been used to register information during the winter.
This logger made it possible to read the instruments as often
as necessary; for practical reasons every 6 hours. The first
mast and retaining structure functioned throughout the in-
vestigation period of 21 years. The second mast broke in
1989 and had a functional period of only 5 years.

During the winters there was a control of the glide at the
snow—ground interface. Gliding movement was found to be
within a lem range during the winter until maximum
forces on the structures occurred. Snow pits were dug every
fortnight to investigate the snow temperature, density,
humidity, crystals and layering, The snow depth was meas-
ured every 2 wecks during the first part of the winter and
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Fig. . Typical distribution of pressure on the 419 mm pole.

weekly during the last part. The weather throughout the
winter was recorded at the research station 700 m from the
constructions.

RESULTS

The stresses in different sections of the masts were computed
from the strains. Measurements showed that the load
increased with depth below the surface of the snow. The load
distributions for the single elements showed an almost linear
increase with depth in the early winter but tended to be
more evenly distributed throughout the depth when the
pressure was at its maximum in late winter (Fig. 1).

The distribution for the wall element was different, with
the highest pressure in the middle height of the element for
the whole winter (Fig. 2) (McClung and others, 1984).

The total snow pressure is generally dependent on the
snow depth and average snow density. As these factors nor-
mally increase throughout the winter, the pressure gradu-
ally increases towards a maximum at the time when the
snow reaches the 0°C isothermal (Larsen and others, 1983).

For three winters, the snow pressures at the poles showed
irregularities which previously were diflicult 1o explain.
This was first recognized in 1981 with extraordinary high
bending moments in the pole construction when the maxi-
mum snow depth was 4 m (Larsen and others, 1989). Later,
the winters of 1989 and 1990 showed the same tendencies
with maximum snow depths of 4.9 and 5.5 m (Table 1). The
snow pressures during these years were between two and
three times those recorded in other winters with similar
snow depth and densities, for example, during the winters
of 1976, 1983 and 1984

The pressures at the wall structure did not show any dif-
ferences when comparing the data from these winters with
data from the other winters with the same snow depth and
densities (Larsen and others, 1985).

The third factor measured throughout the winter, the
snow temperature, obviously had an influence on the snow
creep behaviour. In a normal winter, the snowpack has an
almost linear temperature profile with the lowest values
measured close to the surface and an approximate temper-
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Fig. 2. Topical distribution of pressure on a retainming structure.
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Table 1. Loads and snow paramelers for the 419 mm pole

Date Snow Density  Body-force  Moment  Snow pres-

depth index sure per m
h p pah M q

year month day m kgm® kNm? kN m kNm™

76 04 30 5.2 500 255 224 166
79 04 14 3.0 367 113 25 56
8104 27 4.0 420 16.8 249 311
8105 04 4.0 420 16.8 265 332
820509 23 383 8.8 9 35
830414 40 418 16.7 115 14.3
84 03 27 42 412 17.3 79 90
8404 20 42 440 182 92 10.4
840511 42 471 19.8 o] 10.7
870425 31 435 13.5 44 91
890405 49 475 228 46 34.6
890411 49 488 234 418 34.8
90 04 10 5.5 456 24.6 304 20.1
90 0419 5.1 471 24.0 345 26.5
90 04 26 50 480 235 305 244

ature of 0°C at the snow—ground interface. The temperature
in the middle depth of the snowpack gives a good indication
of the temperature conditions in the snow (Larsen and
others, 1989). Roughly, this temperature profile remains the
same throughout the winter until mid- or late-April, when
the snow reaches the 0°C isothermal in the research field.
During the winter of 1981, the normal temperature
profile remained the same throughout January but in early
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February the temperature was close to 0°C throughout the
whole snow cover (Larsen and others, 1985). The same thing
happened in 1989 and 1990. On 8 March 1989, the lowest
temperature measured below the surface of a 5m deep
snowpack was —0.3°Cl and the snow temperature remained
close to 0°C for the rest of the winter. On 6 February 1990,
the mid-depth temperature was approximately 0°C in a
2.2m deep snow pack. As the snow depth exceeds 4m in
the beginning of March. only the upper 1.5 m were colder
than 0°C, and as the snow depth increased to 5m at the
end of March, only the (.5 m closest to the surface had freez-
ing temperatures.

Based on these results, the pressure for the design of a
mast construction can be expressed by:

(kN m™1)

where g is average pressure on the mast (kNm ') (g x h =
total snow pressure), h is snow depth near the mast (meas-
ured perpendicular to the ground surface) (m), K is a factor,
depending on snow depth: 1.2 for a snow depth of 4 m and 0.7
for a snow depth of 5 m, p is average snow density (kg m W g
is acceleration due to gravity (ms %, C' = 0.98d "6 4+ 0.42
where d is mast diameter (m) and « is slope inclination in
degrees.

The 219 mm mast was active only in a few cold winters
but, by comparison with the average pressure g acting on
masts with different diameters, we obtained a dependency

q = Kpgh®’C'sina

between pressure and diameter which can be expressed by
the factor C'in the pressure equation.

DISCUSSION

A single element such as a pole will have an influence zone
which is vastly wider than the diameter of the pole (Bader
and others, 1939). The influence zone above the pole will also
be dependent on rate and time of the snow-creep process.
High creep rate and a long influence time will increase both
the influence zone and the pressure. From the observations,
there seems to be a connection between the time of loading
from the 0°C isothermal snowpack and the pressure re-
corded. Different from the observations of Bader and others
(1939), the pole has only a compression zone and no tension
zone, because the snow creep creates an open space on the
tension side of the structure in late winter when the pressure
is at its peak value (Fig. 3).

The retaining structure does not show the same increase
in pressure in the winters with a long period of 0°C iso-
thermal snowpack, because the measurements were carried
out on the mid-section of the structure. There is no signifi-
cant effect of an increase in the influence zone for the mid-
section as there is for the pole itself, If the investigations had
been at the end section of the structure, the same effect as for
the pole would probably have been recognized.

The expressions given for calculating the forces on a
pole element are found from the measured peak values at
the site. Further investigations are needed to obtain more
accurate values for K and C. The results will also be used
in the future to develop a general numerical model for the
design of masts.

CONCLUSION

The snow-creep forces on masts are strongly dependent on
the temperature development in the seasonal snowpack. A
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Fig. 3. Snow distribution around the pole in late-winter.

0°C isothermal snowpack, with a stable or increasing snow
depth during most of the winter, will act differently from a
normal “cold” snowpack, which tends to be isothermal at the
end of the winter. This “warm” snow will develop larger in-
fluence zones and higher snow-creep pressures on single ex-
posed elements than can be expected when the snow's
temperature is below the melting point throughout most of
the winter.

Especially high pressures at the edges of wall elements
under the same “warm” snowpack conditions caused by
similar effects should also be expected.
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