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ADSTRACT 

Snow-pressure measureme nts have been ca rried out on 
two masts at the NGI avalanche stat io n in G rasda ien , 
wes tern Norway. These two tubular mas ts have d iameters of 
0.22 and 0.42 m, respective ly. and are si tuated on a 
25 0 slope with a deep snow cove r. 

The most importan t conclusions are that withi n a 
homogeneo us snow- pack there is a close co rrela tion be tween 
snow-creep pressure and the product of accelera tion d ue to 
gra vity, g, density, p, and snow depth . H , that the h ighest 
press ures are recorded in late winter when the snow- pack is 
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snow pressure. 

INTRODUCTION 

and finally that a weak O°C 
ground level appears to increase 

Pressure from snow creep is important in the des ign of 
st ru ctures such as ski - lifts and power - line masts, which 
often ha ve to be constructed on steep h illsides with deep 
sno w cover . This is a problem which has been desc ribed by 
Bader and others ( 1939) . Bro wn and Eva ns (1975) have 
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Fig. I. The research f ield in G rasda len . western Norway. 
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developed a ca lcul at io n procedure for stress and de format ion 
analys is o f a snow mass un de rgo ing c reep and glid ing, 
whil st Mathews and Mackay ( 1975) have made f ield 
measureme nt s for small -d iameter poles. Few f ie ld-
measureme nt res ults have been pu blis hed; there a re, 
howe ve r, seve ral pu blica tions dea ling with snow-cree p 
press ure in re lation to re ta inin g struc tures. In this pape r we 
present th e results of f ield obse rvati ons on two masts, wi th 
d iameters of 0.22 and 0.42 m, respec ti ve ly. The snow-c reep 
press ures are reco rded as maximum moments on the masts, 
and a re related to the most im po rt ant charac ter isti cs of 
snow. 

DESCR IPTION OF THE MEASU REMENTS TAKEN 

The test s ite lies close to the NG I researc h stat io n in 
G rasdalen, weste rn Nor way (Fig. I ). a t an e leva tio n of 
11 00 ffi . In s uch a marit ime cl imate. snow dep th normall y 
fluc tuates be tween 2.0 and 4. 5 m. The su rface of the 
25

0 
slope a t the si te is pa rtl y rocky and part ly 

moss-covered , a rocky surface is present above th e large 
mast , and an inco mple te cove rage of moss is f ound up -slope 
of the small mast. NG ! al so has a 15 m long snow-
re taining struc ture at th e s it e. Da ta recordi ngs f ro m this 
re taining Stru c ture have p rev iously been p resented by 
McClun g and o thers ( 1984 ), and by La rsen and othe rs 
( 1985). 

The gl ide of th e snow cove r up -slope from the large 
mast was es timated by measur ing its displacement with glid e 
shoes; read ings ta ke n peri odicall y showed tha t neg li g ible 
glide occurred. The depth of snow abo ve the masts was 
measu red every fortn ig ht. Snow prope rties, includ ing dens ity, 
temperature, ram- penetr ometer res istance. snow-crys ta l type. 
and moistu re content , were measured at the s ite at leas t a t 
month ly intervals. The freq uency of meas uremen t was 
increased towards th e end of the winter . In the analys is of 
the influence of snow creep o n the struc tures, we ha ve 
made use of ave raged va lues of both sno w dept h and snow 
densit y on the up-slope side of the mas ts. 

The two masts a re equipped with G eo nor P-200 stra in 
gauges mou nted in pa irs ( F igs 2 and 3). The large mas t , 
6 m h igh and 0.42 m in d iameter , has a hig h stiffness given 
by th e sec t io n modulus, IV = 57 5 cm3 , and was e rec ted 
pe rpend ic ular to th e ground surface in 197 5. The small 
mast, 4.5 m high a nd 0.22 m in diameter , is more flex ible, 
with IV = 294 cm3, and was erec ted 9.4 m south of the large 
mast in 19 83 (Fig. I). This instrumentati on has enab led us 
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Fig. 2. Instrumentation of th e la rge mast. 
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f ig. 3. Instrumentati on of the sma ll mast. 

to ca lcula te moments and shea r forces at d iffe rent 
cross-sec ti ona l pos itions on th e mas ts. Frolll th e moment 
va lues obta ined we are able to make es timates of the 
moment and snow- pressure d istri bu tio ns throughout wi nter 
seasons. Fo r the la rge mas t, measurements ha ve been made 
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Fig. 4. Var iat ion of snow loads on the la rge mast with 
snow- pack pa ramete rs, 1984 . 
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Fi g. S. Maximum moments in the large mast (period 1984- 87) as a funct ion of the "s now-press ure 
indcxM pgn. 

over a period of 12 years. Because of th e low accuracy of 
measurements when the snow depth is less than 3 Ill , 
however, we have o nl y 6 seasons with usefu l data. After 
erec tin g a small flexibl e mast in 1983 we have been able to 
stud y sca le effects due to the diameter of the mast, and 
also to obtain useful measurements when the snow depth 
varied be tween 2 and 3 m. In the period 1983-87, three of 
the win te rs had suff ic ient snow for us to obta in usefu l 
measurements. 

INTERPRETATION OF RESULTS 

In Figure 4 we have defined pglf as the snow-pressure 
index, if p is average density of th e snow- pac k. g is 
acceleration due to gravity. H is ave rage snow depth up-
slope from the mast. 

Snow temperature is th e temperature at the ve rtica l 
mid-point of the snow cove r; moment, Mo, is the estimated 
maximum moment in the mast; air tempe rature is measured 
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at th e NG I research sta ti on which is 200 m below the field 
site. Figure 4 shows th e stead y increase in the moment in 
the large mast du ring a season wit h co ld snow (T < 0 aC), 
which is caused by increasing snow depth and increasing 
snow densi ty. That is to say, such conditions increase th e 
magnitude of the snow-pressure index. T he est imated 
average load, the pressu re, shows a s imilar increase. 

A co rre lation between moment and the snow-pressure 
index for th e period with cold snow is shown in Figure 5, 
whe re data from the period 1984-87 a re p resented, The 
best-fit curve fo r the data obtained for the big mast is 
found by regress ion ana lys is, such that 

Mo = 0.0 15( pg H }1.97 with ,2 _ 0.94. 

A si milar re lat io nship for the small mast is presented 
in Figure 6 with the best-fit curve 

Mo = 0.0 15 (pgH)'·u with ,2 ,., 0.95. 
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Fig. 6. Maximum moments in the small mast (period 1984-87) as a function of the "snow-pressure 
index" P!di. 
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Fig. 7. The variation of maximum moments in the masts 
compared with the temperature in the middle depth of 
the snow cover during the winter, 1984. 

In late winter. as snow cover attains a O°C isothermal , 
there is a considerable drop in moment due to melting of 
the snow around the masts (Fig. 4). This melting is caused 
mainly by the heating of the masts as they are exposed to 
increasing air temperatures. Craters appear around the masts, 
caused by wind in the cold season and by melting during 
late winter; the large mast is influenced much mOre by 
these effects than the small mast. When cold air 
temperatures occur within the melting period, the highest 
moment values of the winter are recorded , these high values 
being obtained because the snow once again freezes within 
the upper layers of the snow cover. Fresh falls of snow can 
also contribute to an increase in moment; as can be seen in 
Figure 4 , such an increase in moment took place in 
mid-May 1984. 

Figure 7 shows the typical pattern of var iation in 
maximum moment , Mo, on the masts with time . From the 
measurements obtained, it is clear that the small mast is 
exposed to larger moments than the large mast at all stages 
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of the season. The c rat er effect canno t be the only reason 
for thi s. and we believe the full exp lanation also involves 
boundary effec ts around the mast and on the ground. The 
up-slope ground surfaces at the s iles of the st ructures are 
not identica l because th ere is partial moss cove r above the 
small mast and bare rock only above the large mast. No 
measurement of glide was made on the rocky surface, and 
we have no reference standa rd for the snow cove r on the 
partially moss-covered surface. The highest moments 
recorded were measured during the 198 1 winter period, and 
despite there being no measurable glide data in our 
observations, the estimated moments were between two and 
three times higher than for othe r seaso ns with a sim ilar 
snow-pressu re index (Fig. 8). The 1981 winter was 
unusuall y warm, with temperatures in the bottom layer 
around O°C isothermal throughout most of the season 
(Fig. 9). We assume that the high pressures recorded can be 
explained by a high viscous-creep rate in the weak bottom 
la ye r. The values of the moment for each 0.5 m length 
along the large mast enable us to make ro ugh estimates of 
the pressure distribution. There is a clear tendency for 
increases in preSSure to occur against the lower part of the 
mast. Unfortunately, limits on the accuracy of the 
measurements available do not allow a more exact analys is 
to be made. 

CONCLUSION 

Snow-creep measurements ca rri ed out on two masts of 
different diameters on the same slope have yie lded some 
useful information. The most important results are listed 
below: 

There is a good co rrelation between the moment on a mast 
and the value of the snow-pressure index, pgH. if snow 
cover is homogeneous and cold (T < O°C). 
The largest moment value is obtained in late winter, when 
the snow-pressure index has its maximum va lue and the 
snow-pack is subjected to a O°C isothermal. 
Heating of the mast in periods when air temperature rises 
above O°C causes melt cra ters to appear in the snow cove r 
a round the masts, and this decreases the size of the 
moments. 
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Fig. 9. A typical snow profile for the winter 1981 (21 
February). 
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A weak O°C iso thermal bottom layer in the snow cover 
appears to increase the pressure exerted by the snow. 

There is large scatter in the data gathered for this 
work, but the results are considered potentially useful both 
for the design of mast structures likely to be subjected to 
deep snow cover and as the basis fo r the development of a 
theoretica l model of snow-creep pressure on masts. The 
field investigations need to be continued, and we are 
optimistic that more data concerning glide and creep effects 
on the masts will improve our understanding of these 
effects. 
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