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PREFACE

The 1953 edition of the National Bullding Code of Canada
gives deslign snow loads for all of Canada in the form of a map
showing lines of equal snow loads, The loads shown are based
on measurements on the ground of maximum snow depths from
records taken over a perlod of years by meteorological obser-
vers across the country. These observations were almost all
taken in centres of populations in flat country and in valleys.,

In the higher mountaln regions of Western Canada,
however, snow loads are far greater than those shown on the
map. Although the Code notes this limitation, the lines
drawn across the mountain areas might mislead a designer
looking for a snow load for a structure to be located in the
mountains,

This report, intended as a basls for discussion, suggests
a new approach to the problem of design snow loads for mountain
areas based on climate (zones of similar precipitation) and
elevation, This approach 1s based on the ways in which other
countries with high mountains have tried to solve thils problen,

The proposal made 1n this report 1s based on snow
observations by the Water Rights Branch of the Department of
Lands and Forests of B.C. Without these records this study
could not have been undertaken, and this valuable contribution
is gratefully acknowledged.

The author prepared this report while working.as a
surmer student with the Building Structures Section of DBR
during his third-year vacation while a student of civil
engineering at Queent's University,

Comments and criticlisms on this report will be sincerely
welcomed,

Ottawa, R. F. Legget,
February 1959 | Director.



SNOW LOADS IN MOUNTAINS

by
CeJe Turkstra

There 1s no adequate specification to date for design
gnow loads in the mountainous regions of Western Canada. As
a first step iIn correcting this situation a review of avallable
information on the subject has been undertaken.

This report tabulates the Information and attempts to
interpret the records for possible use in future editions of
the Natlional Bulldling Codees It also polnts out the need for
roof snow observation in mountaln areas to establish the
relationship of snow on the roof to snow on the ground.

2¢ PRESENT REQUIREMENTS
National Bullding Code

The 1953 edition of the NBC gives snow loads for all Canada
as "contour lines" drawn between meteorological stationse. These
loads, however, are based on snow depth measurements in the
valleys onlye In the higher mountaln regions snow loads are far
greater than these contours showe Although the Code mentions
this fact, the snow loads as shown are mlsleading,

The followlng example may 1llustrate the present conditione.
In commection with a recent inquiry on the design snow load for
a skl lodge in the mountalns just north of Vancouver 1t was found
that a load of the order of lj00 pounds per square foot seemed
advisable as a basic design load., The largest load specified by
the NBC for any area in B.Ce is 80 psf., The ;00 psf load suggested
was based on snow measurements (carried out by the BeCe Water
Rights Branch) near the proposed site of the lodge.

Requirements of Other Countries

Several other countries are taking account of the exceptional
snow loads to be expected in mountain reglonss In the United States
(1, 2) the eastern and western mountain regions are completely -
excluded from snow load maps. In Norway (3) and Sweden (l}) reference
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1s made to the fact that snow loads in the mountains are probabl
greater than those specified for the lower regions., In Japan (5§
many zones are used to give a high rate of change of snow load
over small land areas.

Austria (6), France (7) and Switzerland (8, 9) have attempted
to solve the problem of specifying snow loads for mountaln regions
by means of empirical equationsa relating snow load to elevations
In Austria the country has been divided into three zones and a
linear relationship is used 1n each zonees In Switzerland a second
degree curve 1s used to relate snow load to elevation.

3« GROUND SNOW LOADS

Avallable Information

In 1935 the Water Rights Branch of the Department of Lands
and Forests of the Be.Ce Government began a snow survey in the
southern part of British Columbla., Since then 107 snow courses
have been set up to measure snow depth and density on the ground
and several have been measured every year since the beginning of
the surveye. Some courses have been dliscontinued; others were
started only a few years agos

At each course a number of snow depths and density measure-~
ments 1s made on the ground and the averages of these are published
together with the elevatlion of the course and the date of each
surveye.

These records have been summarized in Table I which gives
the elevation, the number of years recorded, and the average,
maximum and minimum of the yearly maxima recorded water equivalents
(inches water), Stations which are measured only once a year are
marked iIn the tablees To obtain the snow load on the ground from .
the water equlvalents the figures should be multiplied by 62.5 B 5,2,

Snow lLoad ~ Elevation Relationships

The success of other countries in relating snow load to
elevation suggests a simlilar approach for the mountains of Western
Canada, It was first intended to plot the snow cover expected
once in ten years against the elevation of the snow course,
Several features of the avallable data, however, hampered this
approache
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(1) Some stations have many more records than otherse
As the average is not as dependent on the number of years of
record as the maxima are, the average values are more charac-
teristic of the stations.

(2) Some courses are only measured once each year,
supposedly when the snow cover 1is at 1ts maximum, while others
are measured each month during the winter seasone A statistical
distribution of the maximum value recorded each year for several
years of record would not be reliable under these circumstances.

It was declded, therefore, to use the average of the
yearly maximum recorded water equivalents In trying to establish
an elevation to snow load relationshipe The USSR uses the average
of the maximum yearly recorded depths as a basis of comparison
rather than the observed maxima. An increase factor of l.li is then
applied to arrive at & design load (10).

The variations in cllmate and the large area to be covered
necessitated establishing several zones., The boundaries of these
zones, however, could not be determined on the baslis of similar
climate (mainly precipitation) and topography only, although these
two factors made 1t possible to lay out approximate zones. Then
for each of the zones the average maxlimum water equivalents were
plotted against elevation for each snow course. The boundaries of
the zones were then adjusted until each snow course was In the zone
to which it seemed best suited,

This procedure finally led to the establishment of six
zones (Fige 1)eo The averages of the yearly maximum water equi~-
valents for the snow courses within each of these zones are plotted
against elevation In Figse 2 to 7o Within each zone, as expected,
there is a trend towards lncrease in snow load with elevation with
a reasonable degree of correlation. To show this, the least squares
straight lines were plotted through the records.

Discussion

In each of the zones there 1s consliderable scatter about
the least squares straight lines. This might be due, 1n part, to
the difference in type of change of elevation, i.e. the snow load
might be different at two polnts In the same zone at the same
elevation 1f one was In a valley and the other was on the steep
slope of & mountain. Continued study of the varlables involved 1n
snowfall predictlion should help to establish more exact elevation
to snowfall relationship although there will always be variations
in local climate and snowfall which cannot be taken into account
by a practical number of zones.
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It should be noted that the considerations of thls report
apply to mountain areas in Western Canada only, and not to low
country and valleys for which the requirements of the Natlonal
Building Code (1953) are intendede. No effort has been made so far
to arrive at an accurate delineation between mountainous and low
country for snow load purposese

At present, however, it seems highly desirable to develop
a method for speclifylng snow loads in mountain regions. The
following sections outline a possible approach to this problem,
based on avallable data and lntended as a basis for discusslon,

lie ROOF LOADS

The preceding sections have dealt entirely with ground
loads and not with deslign loads for roofs. At the present time
the Division of Building Research 1is conducting a survey across
Canada to determine the reletion between roof snow loads and
ground loads. It 1s doubtful that the over=-all results of this
survey will be directly applicable to mountalin districtse Special
observations are being made at Glacier and to the north of Vancouver
as a part of this survey.

Speclal Features of Mountain Roof lLoads

(1) At a snow load of Lj00 psf (which has been measured
nesr the West Coast) and a density of 0.3 there would be over 22
feet of snow, Thus, almost all doors and windowa would be covered,
In fact, many buildings would be out of sight. If a building were
in use, the surrounding area would have to be cleared and the roof
would probably be cleared to prevent snow sliding or damage. In
regions of high snowfall people are generally aware of the danger
of structural failure due to snow load and it 1s the custom to
remove roof snowe. Observatlons show that when failures occurred
they were often in buildings which had outlived their usefulness
and had been abandoned. Thus, for mountainous areas where heavy
snow accumulations occur over long perlods a reduction factor for
snow removal should be taken into account in any design speciflicatione

(2) The effect of wind on snow accumulation might be an
even more critical factor in mountain regions than in the rest of
the countrye. In sheltered locations very large snow deposits may
remain on the roof, whereas in exposed areas large local drifts
could occur, especially on lower roof sections (Fig, 10).

(3) Phenomena such as ice accumulation at the eaves and
the bridging of snow on the roof to snow on the ground are
especially significant in mountain regionse
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A combination of these features will probably affect the
factors to be applied with a basic uniform design load. These
considerations show the need for making special observations of
roof snow loads in the mountains.

Basl¢e Uniform Design Load

The least squares lines shown in the graphs give the
average of the yearly maximum snow load. A proper design load
should be one that occurs only a few times during the 1life of
the structure. Thus a design load should be greater than the
average load.

To increase the load, lines have been drawn parallel to
the least squares lines enclosing all the data. Figure 8 gives
the suggested line of basic snow load for Zone II as an example.
By using a line parallel to the least squares line the rate of
change of snow load with evaluation 1s malntained. Equations of
the lines for the slx zones are given in Table II and are shown
in Fig. 9. These lines give loads well above the average load
for most stations and, as the snow on the roof 1s generally less
than the snow on the ground, they result in a very conservative
(perhaps too conservative) estimate of the basic roof design
loads. The snow loads gradually decrease away from the coast
but increase again over the high mountaln ranges in the interior.
This 1s the general pattern of rainfall in southern British
Columbia.

The climate section of the National Building Code glves

snow loads which are not unreasonable for low elevations. These
should be used on the graphs to give a minimum load conditlon.

8now Load Reduction

If 1t can be assumed reliably that snow will be removed
from a roof the designer might be allowed to reduce the basic
uniform design load. To guard against excessive reduction &
maximum reduction factor should be specifled such as some maximum
percentage of the specified load. An absolute minimum load
should also be given.

The snow load reductlion due to roof slope should probably
be modified for mountain regions. If the ground depth 1s up to
the eaves the snow could not be expected to slide off even with
a 60° slope. Thus, the bridging effect may prevent snow from
leaving the roof.



5. CONCLUSIONS

The snow loads given 1ln the National Bullding Code (1953)
are not applicable to the mountain regions of Western Canada,.
The simplest method of correcting this situstion might be to
eliminate the existing snow contour lines for this area and to
replace them with a simple table of recorded values of snow
measurementse A designer could then derive a design snow load
for a particular locality from the nearest snow courses taking
due account of elevations It is believed, however, that the
approach suggested in this report is preferable to the simple
tablee.

The graphs presented show a general relationshlp between
elevation and ground snow loades Inevitably, the final choice of
design roof snow loads should depend largely on judgment and the
best avallable Information, such as records of any nearby snow
course or local knowledgee. The uncertalnties of snow clearance
coupled with wind action, radiation and bridgling effects limit the
value of general snow load predictione Special snow=-roof obserw
vations in the mountain regions will help to assess these factorse

As a general gulde, however, the use of zones, each with
a load elevation relationship and a minimum load, could gilve a
conservative estimate of roof load.
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TABLE T

MAXIMUM YEARLY WATER EQUIVATENTS

Yearly Maxitma
Course No. Courss Elevation Yra. Record Avarage Maximun Min fmum
(fte 8.9.1.) (inches) (inches) (inches)
la Grouse Mt. 3800 23% hA.s 98.3 18
2 Cyprass Lk. 2100 2?* 17.9 Li7.0 0
3 Trout Ck. Lh700 2l 72 11.% 3.6
a Summerld Resa 1,200 2?% 8.1 12.9 oy
a McGulloch 200 20y GaT 9ol o2
ga Miasion Cke. 000 2l 19.8 25.6 1246
8 Aberdeen Ck. 300 193 b alp 9.l ol
7 Gerrard 000 23 15,2 2)..9 .1
8a Sinelair Pass ;500 22% a3 10.3 2.3
9 Canoe Riv, 3000 b 2.5 3,8 1.5
9a Canoe Rive 3000 18 Se5 «8 2.7
1c Fernio 500 21 ?.0 16,4 36l
10a New Fernie 00 8 16 .0 2347 12.3
a1l Glacier 100 22 2?.1 hl.7 1245
12 Fleld 3800 ) a9 3.2
12a Field [200 20 58 12.9 2.3
1 Upper Stave Riv. }50 it 369 11.5 0
1 Alouette Llka 1500 103 2e5 9.8 0
15 Revelstokn 1850 21, 12,0 2040 302
15a Revelstoke 6000 12 5l1e0 7246 hs.g
1 Ferguson 2900 213 20a7 31,1 Ce
17 Farron 1,000 21, 13.5 19.8 7.1
18 Sandon 3500 24 12.2 20.5 248
19 Nelson 3050 21 1547 2165 G.Z
20 Kimberley 3800 21 7el 1262 ) o6
20a Sulllvan Mine 5100 13 1849 21,2 1.6
21 Invermers 3400 2 8.0 13.M lel
21s Invermere 3500 114 ha7 8.2 108
22 Blus Riva. 2250 21 11..3 1245 2ot
23 Powell Riv, 2200 17 2l 7T h2.9 oy
213a Powell Riv. 2650 12 L .2 42.7 Ha2
2 Powell Riv, 3400 1y el LONRY 18.0
2lja Powell Riv. 3000 1.9: 1.6 5040 goh
2Iib Powell Riv, 3100 )= 243 858 3.5
25 Kinbanket Lk, 2250 10 1749 1P,.g 60;
2Ca NM1ddle Riv. 31160 L 14,2 103 12,6
2 Tashme 2200 1 6,7 18,0 0
26n New Tashme 2500 12 1 a0 2240 3.7
27 Brockmere 3200 1k 10.7 13.; 349
28 Burwell. Lk 2900 134 S 102,47 3169
28a Hollybnurn Xt, 3340 = L 776 2347
29 Palisads Ik, 2900 1 (340 110, ¢ 28,0
29a Dog Mte 3350 My 1,7 79.7 L2 o6
30 Loch Lomond 3600 13 56 ot W60 27 &l
31 Bouleau (X, 5000 104 12e7 1169 Tl
32 Marble Canyon 5000 12 15.] 22 4 13 .3
3 Kicking Horse shno 1p 1641 2047 119
s Quartet Lkse 11900 10 16 0l 2l oK 743
35h Kleailkwa 700 11 18,8 31.2 Zo]
37 Blg Mouth Ck, 1000 Pt 28,0 29.6 20,3
38 Wood Riv, lieon 24 168 18,5 1c.1
39 Blackwater Lookout 5500 2 17,1 17.]1 15,8
39a Blackwater Cke 5200 2 1503 1643 U3

+ Measured only once each year.




MAXIMUM YEARLY WATER EQUIVALENTS

TABLE I -~ Contfd

Yearly Maxima
Course No, Course Elevation Yrs, Record Average Max imum Minimum
(fte a,5.1,) (inches) (inche s) {inches)
Lo Beaverfoot 6200 32 607 6.8 65
I Upper Elk hhoo 11 9. 1.5 3.3
L2 01d Glory Mt. 7000 10 32, 38.9 2.7
L3 Gray Cke 5100 11 21.2 2.8 1745
ﬁg Steel Head 1900 3 2.8 lLe7 0.5
Copper Mt 300 10 7o 10.2 li.8
Lt Nickel Plate Mte 200 10 Teo 10,7 li 6
1Ba Mons shee Pass 500 b 12, 15.6 11,1
ho Porcupine Ridge 000 2% 12,) 15.0 9.1
50 Mt. Cook 6000 9 6244 77.8 52,0
(51 Trophy Mte 6250 g 2640 32,6 16.1
52 Yellowhead 6100 20.1 22,7 179
[ Albreda Mt. 6300 g& 29,5 35 25,0
5 MeBride E3OO 12.2 257 11.1
5 Postill Lk. 00 g 9 12,1 o5
[ Tranquille Lke L650 101} 15.0 7.2
57 Pass Lk. 2850 8 g.s 7.6 2,1
58 Freda Lk, 2300 Sw 2 .g 300 22.2
9 Barkerville 5000 8 18. 21, 1 .ﬁ
0 Tatlayoko 600 Z# 11,0 1.3 8e
61 Wolls Mt. 900 1.9 20,7 g.g
62 Kidprice Lk. Ls00 7 27 «5 Lo.o 18,
6 Tahatsa LK. L4275 7 35.8 Sl.ly 18
6 Nechako 3100 7 3e3 Lies 1,
67 MoGillvary Pass 5900 7 29,7 ) 16 .8
68 Fernle Ridge 5600 2 2le"7 2542 2l.1
69 Penticton Res,. 300 b <0 10.6 o5
70 White Rocks Mt. 000 2” 179 21.5 .
71 Longworth 5700 34,0 L2.0 37
72 Hansard 2100 6 11.5 1.0 6.
7 Precipice L300 1 8.3
7 Tenquills Lke 5500 6 5340 6947 45e3
7 Garibaldi Pk, 5300 1 29,8
7 Forbidden Plateau 3700 L 58.1 7049 L5e2
78 Labour Day Lke. 3350 E* 20.6 29, 13,7
79 Elk Riv, 1200 6,7 10, 0
8o Knouff Lk 950 L 6.2 8.1 L5
81 Pavillion 050 In 2,0 5e8 342
82 Fte Ste James 2650 L °9 8a 5e0
& Upper Quinsam 3000 3 17,2 19, 13.7
8 Anglemont F9oo 3 17.9 20,0 16.5
8 le Jeune Lk, 1500 3 740 9.6 Geb
8 Tripp Meadows 2700 2 1.2 19,6 8.7
87 Alligator Meadowa 1700 2 §.3 12,6 0
88 Nazko hﬁoo 2% 5,0 Se Le3
89 Whatshan Lk, 3400 24 22,0 2341 21.0
90 Barnes Cke 300 1 175
91 Park Mt. 200 1 33.5
92 Highland Valley 5100 1 3.8
9 June Lke 200 1 2502
9 Burman Lko Q0 1 62,0
95 Upper Thelwood Lk. 200 1 5902
96 Memory Lk, 3200 1 71.2
97 Log Cabin 2880 1 8.9
3% Baree Mt, 6000 6 3.0
us; Blue Bird Basin 6800 TH# 53.0

4 Measured only once each year,




TABLE IT

FQUATIONS OF SNOW LOAD - FELEVATION RELATIONSHIPS
Zone Snow Load Equation Minimum
H )
I L = 7—; - 27 From N.B.C.
H \
II L = .5 - 110 From N.B.C.
H
H
H i
A L = 1o - 33 From N.B.C.
H ,
VI L = ) - 220 From N.B.C.
L = Snow load =- psf,
H = Elevatlon - ft,
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ELEVATION - FT

7000 l
6000
5000

4000

3000
¢ 26a X
2000 |— ]
1000 +—— ]
0 50 100 150 200 250 300

SNOW LOAD - P.S.F.
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ELEVATION - FT
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FIGURE 4 GROUND SNOW LOAD, ZONE TO

DATA FROM B.C. SNOW SURVEY, WATER RIGHTS
BRANCH, DEPT. OF LANDS AND FORESTS, B.C.
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FIGURE 5 GROUND SNOW LOAD, ZONE IV

DATA FROM B.C. SNOW SURVEY, WATER RIGHTS BRANCH,
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ELEVATION = FT
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FIGURE 7 GROUND SNOW LOAD, ZONE ¥I

DATA FROM B.C. SNOW SURVEY, WATER RIGHTS
BRANCH, DEPT. OF LANDS AND FORESTS,B.C.
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FIGURE 9 SUGGESTED BASIC DESIGN SNOW LOADS
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