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UTAH SNOW LOAD STUDY

SUMMARY OF CHANGES TO THE SECOND EDITION

This second printing attempts to make the study easier for the
reader to use by making the following changes.

1.
2.

Adding a synopsis located at the front of the study.
Adding section and paragraph numbers.

Referencing more clearly to the tables and figures.

Adding notes to the tables.

Putting figures 10-38 in alphabetical order.

Adding definitions of roof snow load and roof design snow
load.

Changing references from 1988 UBC to 1991 UBC.

There were only two major technical changes to the report.

1.

In Table V for Beaver County, P, was changed from 71 to 43 pst
and A, was changed from 6.2 to 6.3. This change makes Beaver
County more consistent with the other western counties of the
state.

Table IX was revised to reflect more information.

Consequently, the text in Section V was modified to reflect
the new information.
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SYNOPSIS
OF
'UTAH SNOW LOAD STUDY

INTRODUCTION

In recent years it has become increasingly apparent that the snow
load design requirements for Utah were in need of uniform design
criteria. For this reason, a study has been completed which
quantifies much of the various criteria which must be taken into
account when determining the design snow load for a given area.
This synopsis will attempt to abbreviate the design recommendations
given in the UTAH SNOW LOAD STUDY published by the Structural
Engineers Association of Utah Technical Committee in 1990.

Based on the results of the study, an empirical equation was
developed which relates ground snow load to elevation. This
empirical equation is plotted in figures 10-39 of the study. Also
shown on these figures are snow load data points from various
recording stations. The empirical equation used is:

P,= (P} + 63%(A-A,)%) for A > A, and

P,= P, for A <= A,

Refer to page four of the study for definition of terms and to
Taﬁ}e V of the study for values of P, and A,.

2%
Included in this synopsis are graphs of the empirical equation for
each county in Utah.

It should be recognized that there are local factors which may
affect the ground snow load in addition to elevation above sea
level. Some of these factors include:

1. Longitude of the site (successive mountain ranges);

2. Latitude of the site;

3. Windward versus leeward side of a given mountain range;
4. Proximity of lakes windward of the site;

5. Exposure of the site to wind and sun.

These factors can possibly increase or decrease the ground snow
load for a given site, and designers familiar with the site may
want to bring applicable factors to the attention of the local
building official to possibly modify the ground snow load for the
site. Page 5 of the Utah Snow Load Study provides more specific
information on the consideration of these factors.
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GROUND SNOW LOAD -VS- ROOF SNOW LOAD

In the context of this report, the term roof snow load refers to
the snow load on a flat roof. It is calculated by multiplying the
ground snow load by the snow exposure coefficient (C,) and
importance factor (I) from UBC Table Nos. A-23-S and A-23-T. The
term roof design snow load refers to the flat roof snow 1load
modified by the factors discussed in UBC Appendix Chapter 23 Div.
I.

The roof snow load for a particular site is obtained by utilizing
the Exposure Factor found in the Uniform Building Code (UBC)
Appendix 23 Tables A-23-S and A-23-T, as well as in Table VI of the
Utah Snow Load Study. For example, if the site is relatively open
terrain, extending one-half mile or more from the structure, the
ground snow load obtained from the graph is multiplied by 0.6. If
the site is located in a densely forested or sheltered area, use
0.9. For all other structures, use 0.7. The building official may
determine this coefficient for specific structures with special
local conditions. For roofs at or near grade with slopes less than

3:12 or decks at or near grade, the exposure coefficient shall be
taken as 1.0.

Other important practical design factors which should be considered
in snow country include drifting, warm vs. cold roofs, ice damming,
icicles, snow sliding from an upper to a lower roof, etc. For

detailed use of these factors, see the UBC Appendix Chapter 23 Div.
I.

SEISMIC SNOW DESIGN

As required by the UBC, when the roof design snow load exceeds 30
psf, a portion of the load shall be included as part of the
"seismic dead load" of the structure. This portion shall be
calculated from the following formula:

C, = 0.25 + 0.025(A - 5)

where:

C, = fraction of the roof design snow load to be used in
seismic lateral force calculations when the roof design
snow load exceeds 30 psf;

A = elevation above sea level (feet per 1000);

ie., for elevation = 5000, use A = 5.

S2
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LOAD DURATION FACTOR

The UBC 15 percent factor for increase of allowable stresses in
wood loaded with short duration snow loads is based on work done by
Lyman Wood, formerly of the Forest Products Laboratory. The 15
percent allowable stress increase is accompanied by the restriction
that the maximum design snow load will not be on the structure for
a period exceeding 60 days. The Forest Products Laboratory
research demonstrated that this 60 day limitation is the cumulative
time that the maximum load may be on the structure. We have been
advised that there is further research on this issue underway.
Hence, the SEAU makes the tentative recommendation that this factor
only be used in the lower parts of lower Utah valleys until
research demonstrates that it is acceptable to do otherwise. The
15 percent increase in allowable stresses for short duration snow
loads should not be used for elevations above 5000 feet above sea
level. ’

DISCLAIMER

In any western state there are large areas to be studied and
limited data available. Hence, the best effort of any organization
or individual cannot guarantee completely adequate guideline for
all areas and conditions in that state or county. Weather
conditions are never completely predictable. For any given design
snow load selected, there will always be a certain probability that
this design load will be exceeded. Therefore, the recommendations
given herein should be used as a guide by the experienced designer
and not as an absolute requirement. The experienced designer will
take a number of factors such as those listed in the section
entitled Ground Snow -vs- Roof Snow Load above into account when
selecting design snow loadings.

A reasonable amount of care has been used in the preparation of

these snow load guidelines. However, the SEAU and its members
accept no liability for the use of the information provided herein.
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DISCLAIMER

In any western state there are large areas to be studied and
limited data available. Hence, the best efforts of any organization
or individual cannot guarantee completely adequate guidelines for all
areas and conditions in that state. Weather conditions are never
completely predictable. For any given design snow load selected,
there will always be a certain probability that this design load will
be exceeded. Therefore, the recommendations given herein should be
used as a guide by the experienced designer and not as an absolute
requirement. The experienced designer will take a number of factors
such as those listed in the section entitled Factors Affecting Ground
Snow Load into account when selecting design snow loadings.

Reasonable care has been used in the preparation of these ground

snow load guidelines. However, the SEAU and its members accept no
liability for the use of the information provided herein.
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I. INTRODUCTION & HISTORY

In order to sense the serious need for more specific design
guidance for snow loadings in the western United States, one needs
only to look at Fig. 5 of the ANSI Standards (14). This figure is
a map of the eleven western states showing contours for ground snow
loads. Unfortunately, a majority of the map is black, indicating
that "In these areas extreme local variations in snow loads

preclude mapping at this scale." Another indication of the need
for better dissemination of snow load design information is the
fact that during the winter of 1983 - 1984, hundreds of roof

failures occurred in Utah and other parts of the intermountain
west. It is true that many of these failures were caused by poor
details and poor installation. However, it is also true that lack
of adequate snow load design criteria was a critical factor in some
of the failures. One important aspect of this was the need for
better design criteria for snow drifting.

A number of organizations and individuals have been deeply
involved with snow load studies in the western United States for
the past few decades (see References 1-16). Two main sources of
recorded data have been utilized in these studies:

1. Snow Course Data from the U.S. Department of Agriculture
Soil Conservation Service (SCS) and cooperating
institutions such as universities, see Fig. 2 for snow
course locations.

2. Weather Station Data from the National Weather Service
(NWS), see Fig. 3 for weather station locations.

The SCS snow course data includes water content as well as depth of
snow. Much of the NWS data includes only the depth of snow.

A partial listing of snow reports in existence for regions in
the western United States is included in Table I. A variety of
data sources has been used for these reports. Also, a variety of
presentation methods has been used including:

1. Charts of ground snow load versus elevation,

2. Contours of ground snow load divided by elevation
(sometimes called isolines),

3. Formulas in combination with maps showing variables for
various regions, and

4. Tabulations of design loads for communities.

The 1982 UBC (Uniform Building Code) (18) made no specific
provisions for drifting, except to say that drifting should be
provided for at the design stage. Most of the reports listed in

Table I referred to the Canadian method for drifting (2). While

the Canadian method did have a number of very helpful provisions
for drifting, the method did not take into account the lengths of
tributary roof areas. Michael O'Rourke, (15) found that the most
important drift factors are: upper roof length, roof elevation
differences, ground snow load, and lower roof length, in that
order.



Dr. Dale C. Perry, former Research Director of MBMA (Me?al
Building Manufacturer's Association), in Cleveland, Ohio,

spearheaded an "Ad Hoc Snow Loads Subcommittee for Western States"

comprised of interested parties from eleven western states. A
number of these parties were representatives of the Structural
Engineers Association for their respective states. The Ad Hoc Snow
Loads Subcommittee proposed a set of somewhat simpler, more
conservative equations than the O'Rourke equation. These drift
equations can be found in an Appendix of the 1985 UBC (19) and 1988
UBC (20).

The experienced designer will take a number of factors into
account when selecting design snow loadings. Factors which should
be considered will be discussed later in this report.

II. METHODOLOGY

A. Statistical Methods. A number of snow report authors have used
the Log Pearson, Type III, method for calculating probabilities of
ground snow (17). The Ad Hoc Snow Loads Subcommittee agreed (not
unanimously) to use a 2 percent probability (i.e., 2 percent
probability in a given year that the design snow load would be
exceeded) for normal structures and a 1 percent probability for
essential or important facilities. Such statistical methods work
best when applied to large data bases. Mr. Leo Beard (17) stated,
"It is impractical to base the skew coefficient to be used in a
frequency study on a single record of annual flows that is less
than 100 years in length." None of the records used to produce
this report is as long as 100 years. Stations with less than seven
years length have been eliminated from the data. The maximum water
content observed for each year was used as input to a computer
program prepared to calculate the probabilities. It is recognized
that the length of record for many of the snow courses is too short
to expect good statistical performance.

B. SCS Data. The SCS data provide both water content and depth. .

The length of record for the SCS snow courses varies. Some records
go back as far as 1924. Some snow courses have been discontinued.
This information is routinely taken by trained, paid personnel and
may be considered as a primary data source. A computer printout
from the Portland Office of the SCS was reviewed manually to
determine the maximum water content for each year. This data was

entered into computer files and analyzed by the statistical -

computer program. SCS snow course descriptions are given in Table
II. Maximum snow course ground snow loads are included in Table
IIT. Figs. 7-9 are included to show typical maps which are
‘available for the snow courses.

C. NWS Data. The NWS data is taken by a variety of persons, many
who are volunteers. There is usually no attempt made to measure
water content, only snow depth. Daily total precipitation in terms
of water content is available, but the water content of the
accumulated snow is not. Hence, the NWS data should be considered
as a secondary data source. Some of the NWS stations began
recording as early as the 1890's in Utah. However, much of this
data is in a form which is extremely time consuming to extract.
NWS data taken since the late 1940's is stored on Magnetic Tape at

2




the NWS Asheville, N.C., office. The Utah State Climatologist's
office furnished SEAU with a disc containing station information,
including year and maximum snow depth. Earlier data not
transcribed to computer tapes was not included in this study.

A means was needed to convert NWS snow depths to water
content. The formula used by the SEA of Colorado (3) was:

P, = 0.%h Eq. 1.
where:

P, = Ground Snow (psf)

h = Ground Snow Depth (in.) and

This relationship is shown in Fig. 4.

Professor Ronald Sack (9) utilized two straight line approximations
to unit weight data for the Idaho report:

P, = 0.90 h (for h < 22 in.) Eq. 2.
P, = 2.36 h - 31.9 (for h > 22 in.)
where:
P, = Ground Snow (psf)
h = Snow Depth (in.)

This relationships is shown in Fig. 5.

This approach was used to approximate the ground snow loads for the
Utah NWS weather data. A printout of these data was examined for
water content. A number of these were found that seemed obviously
large and were compared to total precipitation. It was found that
in a number of cases, the snow water content thus calculated
exceeded the total precipitation for the winter. These values were
adjusted so that they did not exceed the cumulative precipitation
for the station (beginning with November each winter.) Once the
maximum water content values had been corrected the data was
analyzed by the Log-Pearson, Type III, statistical program. It is
recognlzed that the length of record for many of the weather
stations is too short to expect good statistical performance.

Estimated maximum NWS weather station ground snow loads are
included in Table 1IV.

D. Possible Algorithm for NWS Stations. A former State

Climatologist, Arlo Richardson, said that somewhere in his personal
effects he has a monograph presenting an algorithm for predicting
ground snow water content at NWS stations having a daily record of
snow depth, precipitation, and temperature. Unfortunately, he has
been unable to 1locate that monograph. An interactive computer
program based on these parameters could be a more accurate way of
calculating ground snow than the method of either Eqg. 1 or Eq. 2.
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