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REPORT
~ OF
SNOW LOAD STUDY
OF
TRUCKEE QUADRANGLE .
| PORTIONS OF
NEVADA COUNTY, CALIFORNIA

This snow load study was undertaken at the request of the Nevada
County Board of Supervisors as evidenced by Resolution No. 73-29,
passed and adopted March 6, 1973. As a result of said resolution
an agreement for services was entered into under date of March 6,
1973 by and between the COUNTY OF NEVADA and JOHN WEBSTER BROWN,
CIVIL & STRUCTURAL ENG INEERS.

It is recognized that there are many variables to bse

valuated in the development of the loads that should be used as
a representation of the snow on the roof of buildings and structures.
At the present time there is insufficient information available as
to the correlation of the snow loading on the ground versus the snow
loading on adjacent roofs. Also, there is not enough data developsd
to correlate the snovw loadings occurring on roofs with varlous pltches.
and with roofs of different surfacing materials. It is obvious that
large differences in loadings occur Dby virtue of different exXposures
to sun and wind.

An inspection of the existing snow survey COUI'SES, which
have been developed primarily for the prediction of runoff, shows that
they are not generally located in places that will yield the greatest
advantage in analyzing snow loads on buildings and structures. It
ig particularly significant that there was a definite lack of suf-
ficient snow survey courses in the Truckee Quadrangle. Due to this
reason, it was necessary to evaluate considerable data outside the
study area to arrive at meaningful recommendations.

Due to the lack of finite information, it {s normal to
establish the loadings as a function of the anticipated maximum
snow loading on the ground. In order to approximate the maximum SnoOw
loadings on the ground at various locations and at different elevations,
two approaches were made. The first of thess {s based on projections
>f the snow loading on the ground derived from the existing snow
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";cﬂrvey courses which are read on January 1, .February 1, March 1 and V
: d method used was to determine the

 pril 1 of sach year. _The secon
-approximate &no w loadings on the ground as @ function of the preci-
pitation recor plicable weather stations..

ds irom the varioua ap

enty-nine (29) SNOW ' survey courses were.

ofer table IT and ma IM). Some of these

gnow .courses have records as long as gixty (608 years and a few have .-

anecords as. short as. six (6) years. Most of the.snow courss measurs-. -

L , _ ‘ Te ma either by the Nevada Federal-

- State- Private_Cooperativefsnow'Surveys'under ‘the direction.of the . =
U.S. Department of Agriculture. in Reno,;}_”“““””f

Soil’ Conservation Service,! B
”VNevada or by .the. California Cooperative ‘Snow  Surveys. ‘under:- the direc—uj
‘State of- California Department of Water Resources in A

~ tion of.the.
'=Sacramento California Vour ‘of the .snow courses 4ncluded in the . '
96h by ‘John. ‘Webster Brown ‘and ‘have., subsequentlv_

“gtudy were ‘gtarted 4n-1
. been surveyed by Washoe” County;: Nevada., In addition to the abgve Mr

- Harold Klieforth. of the Desert, Research Insti
.~ Nevadar Reno,-has-periodically taken ENOW’ ‘sampl
‘' during 1970, 1971, 1972 and. 1973 (refer table ZT)
R , any-has’ made records—of 8NOW.. depthsﬁfor the ye
‘w%§68;51968269'and’ ' e»Northstar ski area; south of the
< ~Quadrangle. (refer’ 5 ow: surves ’
" were:made by. John ‘Roda” of the
J»ada,von Mar hr” 1975 and. -

: ‘ Approximately tw
evaluated 4n this study (r

B R Climatological data; uding precipitation records
;T:available from the U.S. Department of. ‘Commerce:, Weathér Bureau
o oSoda; oprings, Boca,,Donner Memorial State Park, Squaw Valley, Taho

Trucke aNger: Station and 'the' 5have been . evaluated in-

“table LT7and T).  Records-of climatologi
',ing?temperature extremes, precipitation
- and, depth.of- SNOW "0 le ground from No ember
y Trt inrport,:refer table QT,and BT W

5 ;graph of+ sno loadinépf,j“””
was- plotted'for ‘a1l  ‘the snow  sUrvey . ‘courses
(refer graph 1G).- This graph’ shows. ‘rather good correlation for the

. courses. that are deemed applicable to. the study area. In. setting
o oa fitting ‘curve to this graph: it.1is obvious $hat the courses. west .. =
of the summit muet be discounted as not applicable to; the. study area.
v Similarly. the courses a. short distance.’ east of the ridge of the. sum— .
‘~mit must also be discounted,  since. ‘they lay in the snow ‘ghadow of’
- the summit and’ are =trongly influenced by, the . higher terrain adjacent
. thereto.. ‘Examination of: the 1long ‘term £now cCourse records as well -
© as phyoical observation over the years of +ha 'snow pack:on the"fqgg;-f“
- ground,” indicates that as. the etorms pass over the Sierras’ theygstart~~?%
_their heavy ‘dumping on the west ‘slopes and reach the greateet yield -
“near the summit. The storms; nowever, continue a high yield for a
- few miles beyond the ridge of the summit. This predominate pattern
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3 been fairly consistant over the years. In general the moisture

_.den cloud systems form over the Pacific Ocean and are blown to the
sast by the wind. When the clouds reach the influence of the Sierra
Nevada Mountains they begin to rise and cool thereby causing snow to
£211. As the storm clouds pass the summit they drop &8 large portion
of their moisture content and consequently they do not have as much

remaining to yield in the area cast of the summit,

gimilar to the above, a graph of snow loading versus
elevation above sea level was plotted from the snow depth measurement
data in the Northstar ski area (refer graph 2¢). The largest values
of the record of Northstar data occurred’ inthe 1968-69 snow. season.
To convert the snovw depth readings +o water content, a plot was made
of the densities of the comparable snow Survey courses on the same
dates to arrive at an appropriate density at the Northstar statlons
(refer graph %3). The densitles obtained from the snow survey courses
were multiplied Dby the Northstar depths to yield the water content.
While the 1968-69 snow season was one of the higher years of record,
it was exceeded in the study area by the 1952 snow pack. Therefore
a plot was made of the ratlo of the 1969 snow load values to the
mnaximum snow load values (usually 1952 Yalues) for the comparable
Srow survey . courses (refer graph 4G). The ratio-0f11969" to.maximum
at the comparable snow gurvey courses was then used to convert the
derived water content values at Northstar for 1969 to the water
content that would represent the maximum of record (refer table 3T,
"The graph based on the Northstar area snow depths comparass favorably
<ith the graph prepared for the twenty-nine (29) snow courses.

The U.S. Army Corps of Englineers derived a map showing
contours of normal annual precipitation for the Slerra areas under
consideration in this report as a part of ‘thelr studlies in connec-
+ion with the Washoe project. This map is shown &s Chart No. 4 in
the Appendixes of "Interim Survey Report for Flood Control Reno Area
Truckee River and Tributaries", dated 1 March 1960.{refer map M).
With the aid of thils map, one can relate the normal annual preci-
pitation to elevation. Since the normal annual precipitation is
for the entire year, it is necessary to approximate the amount of
thisg annual precipitation that would be cumulative in a snow pack.
The above mentioned Appendixes {ndicate that approximately 86% of
the annual precipitatlion occurs in the November to April period of
time. From the climatological records for Tahoe City, Truckes Ranger
Station and the Tahoe-Truckee Alrport ve nave found in this study
that an average of 85% of the normal annual precipitation will be
in the Bsnow pack and will bn a measurs of the snow loading (refer
table 5T). 1In the normal and 1ight snow years this 85% of annual
will be too high for an indication of the snow pack} however, in
the maximum snow years it is pelieved that this 85% is not out of
1ine. In order to relate the maximum years of snow fall to the



“normal annual precipitation the. ratio of ‘long term normal 1 water
squivalent +to the maximum. water equivalent as shovn by the existing |
snow survey courses was used. . In the elevations ‘below 8,000 feet
the maximum .snow loadings from the snow survey. courses are approxi-
mately 200% of the long term normals. Above 8,000 feet the maximum -
Snow loadings are approximately 170% of the long term normals (refar
table 6T).. “Using the above set forth correlations, a curve was o
drawn with snow. load versus elevation to plot the loadings derived AN
 from normal annual precipitation (refer graph 5G). ‘In'the 1964 - . ="
Washoe County, Nevada Snow Load Study these curves showed reasonable; BT

'-consictency and; compared Iavorably with the, Jloads derived from the’

 existing snov. gurvey course data.. . In thio'study of ‘the Truckee.
Quadrangle of Nevada - County. Cali‘ornla the relationship 1o the'snow
courses Llg rathervpoor and

"in thig casé i L

,g'i'it' 15 felt E hat. 70%

SR

'T;qﬁtnormal circumqtancen.butli.u
£ in gt willoylelds satisfactor
. ilevel ‘has , 1
'f«,or approachmd once or thOe ln the useful llle‘of a

: g Fa
. nearly alwpys less: than that on thn T
Q&Tbution of- seld ‘snow’: loading: from drl'
c refree21ng may”produco Jdoads. on-s
- that..on the & unds This: iclduo

. '”*now uurveyé_
».Horace P Boarqun CCLUELY the Unlveraity of Nevada Agrlcultural

chi ‘method.ils cons dered‘unreliable

To arrive at the recommended:dGQign;qnow 1loa inéfon;fdofé o
of the maximum: snow :loadings occurring ‘would pg"' B
'afe constructionv_: he normal. buL"ding con

‘ﬂairly lorig recu

ulldlng OTS
d,even. though the dintr
“ng together with ‘melting and.
S conSLdPrably greater: than
"ct that some of the snow'“

f* the roof onto

vThe'Nitionnl Bulldinb Code’ of~Cannda,2 whlch wao developed Jf
e etudy: for: (anadian conditiono by tho Natwonal o
] ¢OTHFOTPcaQtiQB Stream Flow in: Western Nevada byf‘*~

xnpriment atlon, hono, Nevada z Bullatin No. lBh, Sept. 1949.-

j“”tructuqu Informa tion for ?nlloln - Design In Canada 1965"“qup—j*‘h

plement No.::%.to the National Building. Code ‘of Ganada, Dby the

- Associate Commlttpe on the National. Bulldlng Code,rﬁatlonal Reuearch
Council, Ottmwa, canadﬂ —_HRC No s . :

'83)1 S
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Research Council, uses 80% of the ground snow as a base value, with
a reduction of this loading to 60% of the ground snow for roofs
exposed to the wind. It appears that the recommendation herein of
70% of the ground snow compares favorably with the Canadian concept.

In order to illustrate the frequency of occurrence of the
design snow loads, a graph showing maximum snow load for the year
versus the year of occurrence was plotted for each of the twenty-
nine (29) snow courses considered in this study (refer graph 1A
thru 29A). Also plotted on the graphs are horizontal lines showing
the value of 70% of the maximum snow load (approximate proposed
code value) together with the value of the last 15 years of record
(except that stations with less than 15 years of record show the
average of all years). These graphs indicate that the occurrence of
the,70% value is quite frequent even though the maximum recorded
value is approached fairly infrequently.

: An additional approach to the determination of base snow
loadings has been developed by John Webster Brown and this approach
has subsequently been adopted by the Soil Conservation Service of
the U.S. Department of Agriculture. This approach 1ls based on the
recurrence interval of snow loads of different magnitudes at the site
under consideration. For years Civil Engineers have been setting the
level of flood protection for various facilitles on the basis of
return frequencies of floods of different magnitudes. It seems
reasonable that this analogy could be extended to the levels of
protection against snow loads. A simple representation of return
frequencies has been in common use and 1s shown by the formula
(Method #1) as follows:

R=N+1
X

where R isg return frequency in years.
N is the number of years of record.
K is the order of magnitude of the value
in the series. (as an example: m =
3 for the value of snow load for the
third heaviest year of record.)

Many more methods are avallable for the determination
of return frequencies, but most of them are merely refinements that
modify extreme values and deviations from the mean. The above
formula gives results consistent with the reliability of the raw
data if there are five or more years of record.

The Soil Conservation Service and many other federal
agencies have adopted the nLog-Pearson Type III" method of determining
the recurrence ihterval.of hydirology phenomenon as recommended by the
wWater Resources Council, Washington, D.C. The basic formula for this



renresentation of return frequencies (Method $#2) is as followss _f
| ”-:Log L=+ KS R
‘ fwhefe L': comnuted BNOW load for a’seleoted ey
: . . recurrence interval or peroent'Chanoed,Tv.p*L'
‘oof” occurrence . S

*;ana:ﬁkgﬁé3§—3 (Mean of the Logs)_j'v

o endﬁ° (Standard Deviation)

;{where‘X?ﬁf’i“"

and K = Pearson Type III coordinates which are
o o“obtained from standard . precomputed

“mathematical tables using the skewness
_15 a perameter e :

R - With the_lar egamount of raw data:
w for. the- twenty—nine (2 ). snow courses . of thi
“pibpitive in tj_me de -‘o-rt-’--;t0,:._:;,<;omput t‘he"se ret’

. ; ‘puter program wa 210p
te.the

resuits:(fo

and Methodz
recurrenoe interval 4

. years.on 8. semilog graph a fitting curve can be’ approximated -Then.
~the Snow "1gad” for.any return frequency may. be read from-the curve
' Plots of recurrence intervals for the twenty nine (29) SNOW BuTvVey.
courges in the vioinity of the study .area were: ‘made- (refer graphs
1B thru 29B) From these curves it was found that the average’
recurrence. interval of” the ‘maximum ‘snow load of. record:is twenty—&
_.seven (27) .years for Method #1. and forty ~thres (43) years for- Method
g2 - Similarly 1t was found ‘that the average reourrence:interval of -
. 70% of maximum 1 seven (7) years for Method #1 and eifht. (8) years
for Method #Z(refer table 8T). .This® illuftratee that while the- max—
imum snow load of record may. only occur once or: twice during the 1ife\
of a st_ructurc, 70“6 of. maximum will OCCUI’ many times Tl

'#2 formules ere pl



Emphasis should be made of the fact that in reality snow

sads of a certain value will not reoccur at the intervals derived
rrom recurrence interval formulame. Actually the values represent
averages., A much better way of thinking of recurrence interval data
is in regard to the percent chance of a snow load of & given value
occurring in a given year. As an example, -a 100 year return frequency
means that there iz a 1% chance that the 100 year snow load will
occur next year. Therefore the relationship of typical recurrence
intervals to the percent chance of occurrence in any given year 1is
as follows:: :

RETURN FREQUENCY % CHANCE

100 . 1%
50 2%
20 5%
10 - 10%

5 20%

To summarize the results of the graphs of each of the
twenty-nine (29) snow course station recurrence intervals three plots
of graphs were made for 5 year, 10 year and 20 years showing the
snow load value for that interval for each course versus the sleva-
fion above sea level of each courgse. Fitting curves have been drawn
on these three graphs (refer graphs 6G, 7G & 8c)., To visually com-
pare the recurrence interval summary graphs with what was happened
n the past, a curve showing the average of the lagt 15 year snow
load versus the clevation above sea level 1s presented herein for
the twenty-nine (29) snow survey courses (refer graph SG).

Since it is our understanding that the Tahoe-Truckee
Airport District is contributing to the cost of this report and
since substantial building improvements are contemplated at the airport
in the near future, some additional special attention was given
to the airport vicinity. There are no established snow survey courses
in the Martis Valley portion of the study area. Periodic single snow
survey measurements have been made at the airport since 1970 by the
Desert Research Institute (DRI) and two spot snow surveys at the
airport were made by the Soil Consarvation Service (SCS) on March
14, 1973 and April 10, 1973. Climatological observations at the
airport are availadble from November 1965 to date. Maximum snow loads
of record at the airport were synthesized from the snow survey measure-
ments using the method outlined above for the Northstar measurements
to convert to an equivalent 1952 snow year (refer table 2T). Three
maps were also drawn for 1938, 1952 and 1969 which show the relation-
ship of the snow load in each of these years to the maximum load
measured at each of the established snow survey courses considered
in this study (refer maps 3M, 4M, & 5M). These maps amply represent
that the 1969 snow loads in the study area were only about 79.2% of
those experienced in 1952 (refer table 9T) .
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o In addition to the above means of determining the loading -
at the airport, an approach to the problem through the climatological .
observation data was pursued. From the precipitation, temperature:
extreme, new fallen snow and snow on the ground records, a daily
cumulative summation of water content possible in the snow was -
prepared at the alirport for the snow years. 1968-69 and 1972-73.,.
To test the validlty of this procedure, the same thing was. done for

Tahoe City Boca and Truckee Ranger Stationc (for :ummary refer to :
table lOT : o : ‘ . B .

- ‘ , Most offthe technlcal literature states that in general
»-‘precipitation ‘gages. do.not catch all of-the water content: from snow“‘
- but there is-little. published material owing how much is trapped
~For reveral years now the Soil Conserv ~Servic

d“of the anow at any time _
fCamp and at SonoramPasu d,”w,
VThe cummation of thei

- for the snow ye
hwatechonte

.IPjramid Lak - .

to -have’ been325 OOO yeare awo end the most rerent peak was about
10,000 years ago ‘The: ouantltv of water flow1ng from the Truckee :

- River. and other: SLmllar tributaries must have. been enormous to’ main-
- tain said lake. againet evaooration and - seepage. lossns. ‘Also there..
is considerable evidence etill visible of glaciation: in ‘the Sierra @ s
Nevada. Fountains “which addv_+o the presumption that’ precipitatlon *n
_the form of snow had to have beon many fold that which h&u been e

'*fobserved in historir +ime= : . "

: ' In fact from the accounts of the conotruction of the R
Centrel Pacific Railroed (in 1869-1869). OVer Donner Summit: and from . oS
recorded snow depths on Donner Summit since 1878 it. is obvious that -
snow loads at least. 20% greater than the 1852 loads have occurred . =
. since the hobltat*on of the area by the white man (refer graph lOG R
‘W'and table l?) . e . S , R




This snow load report and the recommendations contained
1erein are keyed to the maximum snow load of record which views only
about the last sixty (60) years. For this study area, the 1852 snow
loadings are the most severe. Attention should be directed to the
fact that boads in excesg of the maximum documented values are pos-
~ible and probable. A balance between economics and risk must of
necesslty be judged in setting snow load values., While it is deemed
fhat the risk in using the snow loads recommended herein 1s consistent
with that -contemplated from other hazards to the works of man, it
must be kept in mind that these snow load values are ninimum and can
be excesded. : —

Attention should be called to the point that the recommen-
dations contained herein pertain only to Nevada County areas within
the .Truckee Quadrangle. The values are not applicable west of 120°
15' longitude. The Donner Summit ridge of the Sierras together with
the snow shadow on the east slopes thersof (including the Donner Lake

area) experience substantially heavier snow loads for eany given sleva-
tion than do the regions of the study area.

As has been previously stated herein, the Natlional Building
Code of Canada in general allows a 25% reductlon to a value of
60% of the ground snow when the roof is fully exposed to the wind on
all sides and doee not have projections, such as parapet walls, which
prevent snow from being blown off, The Canadian Code does notj
however, allow this further reduction due to wind in a mountainous
area with heavy snow load and low wind speeds during the winter season.
Most of Canada does not have snow loads as high as are experienced
in the Sierra Nevada region. The mountainous areas of Western
Cenada (British Columbia - Near the Paciflc Ocean) are similar to
the Sierra Nevadas and the Canadian Code does not allow the additional
wind reduction in that region. In the plains and desert regions of
Canada the new fallen snow has a low density and is more susceptible
to wind transportation than is the more dense snow falling from the
moisture laden storms originating over the Paciflc Ocean.

The recommendations in this report do not provide a general
reduction for exposure to the wind; however, wind is taken into ac-
count in the reductions allowed for roofs with steeper pitches.

Roofs with steeper pitches are raised higher above the general
level of the snow on the ground and are thereby exposed to more
wind action and velocity.

Traditionally the literature has given credit for steeper
roof pitches on the assumption that sliding will occur from them.
In general there is no assurance that sliding will occur in the
Sierra Nevada Range until sometime later in the season than the
time of anticipated maximum snow load.



"uf Canada, 1970 which‘givec an-exce:

“vapplicants for th ir‘g

»of the groundﬁ'no'

- the_Truckee: Quadrangle ‘have 1ot been evaluated by this report, the.
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It is frequently stated by.casual—obserVers-tbat roofing
erial types have a great influence on snov sliding from roofs.

'it {g common to hear that metal-roofing enhances sliding as compared

to say wood shingles. This suggestion may indeed Dbe valid lats in B
the season when general thawing 1is established. Actual=observations- ..
reveal=that=frequently= sthewearly-heavy=gtorms=begin=in=the=form= ofs
rain*ormvaryrwet,snowbwith*somewhat:mild—temperature_rangea_ Ag=the . -
etorm_prcgressesﬂhcﬁﬁmpenature~dnops =and-heavycsnow=beginsa., - With
the-drop-in-temperature: thszmoisturexbn”the:rooﬁmfraezas_to;the
roofing~creating«a~bond*that will*persist*tnroughoutrthe:season,

' until”a~general~thawing_is:establishedx' Indeed—specific*observations o
. haveiPBeén-made-wherein-mestal-roofing-was: -still—retaining=the=gnow
' after_otner_similar,roofs -0f~ other materials have given up thein

load by,sliding>iﬁu_ﬁ

S The snow loadings recommended by this report for the
Truckee Quadrangle portion of Nevada :County have been set forth .
herein after as. an addendum to the Uniform: Building ‘Code. It -dis=. 7"
the opinion. that “the approach made herein and the: loadings recommendedf
rapresent a.r asonable evaluation based on ‘the current state 0f & '

possible and. that -:“ ‘ ‘g fel A srdu

“to" the Uniform Buil _ng‘Code whichFWOuld include’ all of the poesible
' L C I Ju The- Netional ‘Regearch Council of
ato the Nationel Building“Code

‘. "nada has" published "Commentary No-

- Thisg, “commenitar _1, B
0] onfigurations It ic Tecom-
- b,available td

1C Caution shouli be expressed in e
referencing: to. the ‘Commentav_fﬁ hat the1?5% reduCtlon to 60%

As has been pointed ou he snow: shadow on. the east e Tl ey
slopes of tbe-Donner Summit ridge: experiences substantially heavier
snow- Loads than the region of’ this study. .Since the areas wegst of -

existing ordinance no."510" should be continued in'the westerly xﬂ,g_wu sl
“areas.. To provide a" realistic and ‘orderly transition from the "~ - <o |7

-~ ,._
O I’Tlf =

: Truckee ‘Quadrangle snow load valués to those of ordinance no. 510

it is recommended that the. values derived herein be used eact of tne4.7
“east line of sections 5, 8, 17, 20,29, and 32 of the T 16 E and

that the values. of ordinance no.. 510 be used west of the wast line

of said sections. ~The ‘values within said. sections shall be on a- 7

~straight 1line proportion,between the two values based on‘the distanceju
of;the_Site‘from'the-boundary of this transition zone - (refer mep lM)



UNIFORM BUILDING CODE, VOLUME I
Addendum for Truckee Quadrangls a

Portions of Nevada County, California

CHAPTER 23 — Live and Dead Loades

Section 23205 - Delete Zec. 2305 and Delete Table 22-B.
Add the following:

Roofs shall sustain, within the stress limitations of thisg
Code, all "dead loeds" pluc unit "live loads" as set forth
in Table INo. 2%-Bl. The live loads shall be assumed to act
vertically upon the area prejected upon & horizontal plane.

Unbalanced loads shall be used where such loading will result
in larger memberg or connections. Trucces and arches chall
be cesigned to resist the ctresses caused by unit live loads
on one-half of the span if ruch loading resblts in reversce
stressec, or stresscro greater in any portion than the stresses
produced by the required unit live load upon the entire span.

Gabled, hipped, or curved roofs shall be designed to resist
strecses caused by unit live loadings 1.2 times the values

in Table 2%-Bl on onc-half of the roof if such loadings result
in larger members or connections. :

A1l roofs shall be designed with sufficient slope or camber to
assure adequate drainage after the long-time deflectlion from
dead load or shall be designed to csupport maximum loads in-
cluding possible ponding of water duc to deflection. See
Section 2307 for deflection criteria.

a. Appllcable easf ol e 2ast section linme of sections 5, 8, 17,
20, 29, and 32 oMt. Diablo B. and M.
T\WE T 14180 o
'J/[/.v
l
L/

v

.“ LU
S
)



TABLE 23— _B1 Roof T1ive Loads - Pounds Per Square Foot

45

ELEVA’TIO?N; . sNOW LOAD ™ lbs /Sq £t

Above

EJ_.EVATIONS AT or ABOVE 5000 ft. Above Sea 'Lev.al3

2

Sea Level '
in Faet_

; 5 ooo,,_

:f;“515QQ;ﬂ‘

{cial provided the sn_ o
ndi:idual caje are derive‘”

ﬁ?Posuible 1mpact loadings from snow falling on f,ﬁfrf
'}-structure from higher roofs A o i

;JgEffect on structurc from dynamic loading caused
. _by BNOW - gllding off roof R )
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g. OSnow slidiné off roof and dynamically loading gide
walls by being forced against same due to the snow
embankment adjacent to the structure.

n. Permanent automatic roof heating systems, with
reliable power sources.

{. Protection of entrances and exits from danger

of falling lcicles and snow sliding off- pitched ‘
roofs.

j. Ice weight where it will refreeze on unheated
overhangs after having melted and run off from
portions of roofs with heat below same.

k. Projections through the roof, such as ventilating and

plumbing vent, which will be torn off or damaged by
sliding snow.

80% of the tabulated values in Table 2%-Bl may be used
with Roofs having a Pitch of between 7 in 12 and 12 in
12. 60% of the tabulated values in Table 23-BI may be .
used with Roofs having a Pitch in excess of 12 in 12,

" These roof loadings are applicable only to roofs havihg

an eave helight above the anticipated general depth of snow
on the ground. In the case of "A Frame" Buildlngs and
other similar types vhereln the roof extends below the
depth of snow on the yround, a minimun of 1.4 times

the tabulated values must be used on the roof below the
ground snow level. Also special design conslderation
nust be made for the stress condition wherein the snow
from the upper portion of the roof slides dovm on top

of the ground snow and congequently further increases

the loading on the lower portion of sald roof. '

NOTE: Occaslonally there may be large local deviations
from the typical data from which this Code wag developed.
When applying these values to structures the designer
should make overy =ffort to determine 1f the tabulated
values should be adjusted because of local orographic
affects. Loads for structures which have an inherent
need for a high degree of safety, or long 1ife span,
should be carefully evaluated, and the designer should
always eéxercise his best professional judgement.
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FROM CALIFORNIA COOPERATIVE SNOW SURVEYS o
o DONNER SUMMIT fo‘ | 3
SNOWFALL AND SNOWPACK -
. SINCE 1878

"Water -
Content P
Inches.;hgtgﬁi-
,r'575f§‘
370
S32000
308
310

i Year oo

Qoonstruction of. the- Central Paoific Railroad (in 1868 69)
fit S most probable that" snow’ loads at least 2@% greate
““"than the’ 1952 loads: have ‘'occurred since the white man's
*lhabitation of the area. 1952.is the maximum year of quant
L tative record in the study area.v}‘ e e e .

TABLE 13T



TAHOE-TRUCKEE ATRPORT 5900 ELEV,
DERIVED MAXIMUM SNOW LOAD

PRECIPITATION

Ratio : '
1969 Max. Precip. #/SF/" W.C. Gage/Actual 1969/1952 Max.
Pogssible in Snow #/SF
1.7035,".~‘ X 502 + n7 ';" -792 = 165

70% Max.--163 x .7 = L14#/SF
HAROLD KLIEFORTH OR JOHN RODA DATA

Year Max. Snow Load % Year Total
From Snow Surveys Snow Load To
#/SF Maximum for
Comparable
Snow Courses
1971 59.8 F 423 o 141
1972 31.7 C o . 266 = 119
1973 42.1 + 336 = 125
Average 128
Max. #/SF  70% Max., #/SF
From Airport Precipitation Data 163 114
From Klieforth & Roda Data (Avg.) 128 30 -
From 5 Yr. Recurrence : 132 92 T
From 10 Yr. Recurrence 160 112
From 20 Yr. Recurrence 195 : 137
‘From Snow Course Data 176 123 i
From North Star Data 17> 121 v

From Average Annual Precipitation
24.,29" x 5,2 x .85 x 2.11 —=~-m- 227 158

4 —

TABLE 12T



COMPARISON OF SNOW PILLOW WATER EQUIVALENT

Location

ffSOnéfé.ﬁggg~griqg§fﬁ3éobfo}1971 1972
R P ’““°1972 1973»ﬁ
1971~ 197ff
“’197271973f3

Sonora Passﬂ" S

'fIndependence Camp ;LVQQQii

:'Independence_Camp '

AND CUNULATIVE SUMMATION OF RAIN

GAGE PRECIPITATION

- Eiov; o . Snow

Rain

Pillow ~ GCage

5,0 . Sum . Cage/Pillow
Max.. o Max.. . % oo

‘_IﬁoheS' Inohésvi'

}25 5 -11(5 _;: g£;i£5%t;;7. :

30ﬁ0fﬁ

,J”Jén.fz 1973 f
*Feb 1, 1973
"March l 1973

fiMarch lh 1973
' April lO 1973 -‘f?uo::

3JHarold Klieforth

‘ ‘D Ril.

H AR P

: John'Rodé
's.C.8.

1"

. Possible In. ge/
- Snow Pack - ‘Water Equiy. . St ey
' Inches -7 Inches' -

'Snow‘Surveyfﬂ;-‘

Avg .53%}fi.;k.v

TABLE 1T
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SNOW YEARS — RATIOS TO MAXIMUMS

ST e | 19%8 1952 1969 -
SNOW 7 MAX. LOAD % MAX. "LOAD % MAX. LOAD % MAX. .
COURSE . - #/SF #/SF . . #/sF #/SF =

Mount Rose © 9000 L24 251 :5%9% 354 B83% . 42q *100% -
Big Meadows . 8800 200 190 - 95% .- 200  100% —_—
" Third Creek =~ 8600 395  ——e = —oo oo oo 395 0
- Indep. Lake . 8450 410 - %28 - 80%. .  L4ITO ~ 100% 353 - 86%“’
 Mt. Rose Lodge BLOO 258 . ==  Zoc i a—e ool 258 oo
'_vMarlette Lake. 8000 236 - 197... 83% 188 . 80% .- 236 -*lOO%? *
- Granite Pegk - 8000 187 187 » -2-= 0 mes ol e s
. Webber Peak 7800 451 . 349 . 77%
. Tahoe View Pt 700 i men e
C.Squaw #2° o R NS
“Sguaw F1 U
. Castle Creek =7 R
" Brockway Summit?lOO_;ZSh_hf_;;,
s Lake Sterling' 7100570 - 450

‘ Boca #2
- ‘Boca’ #]

’£f*Not Applicable'- Not
CLu Used For Average‘[_

,,,,,,

FABLE T
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SNOW LOADS

70% 15 Yr. Recurrence Interval Yrs.
Snow . o - Max. Max. - Av%. - Top #1-Bott #2 -
Course Elev. #/SF #/SF F 5 10 20 50 100 ;

.Mt . Rose . - © 9000 425 298 187.8 220 270. " 321 388
. o - - e ' 228 264 29% 327-
. 'Big Meadows . 8800 200 140 120.4 147 177 - 208 249
o _ ‘ R . 14L167  s191 222
~ Third Creek .~ 1. 8600 395 277 220.5 296 370  LLL 542
* o e e 274 326 380 454
'_’Independence'Lake . - 8450 L1l 288 225-2 282 336 390 462
B N R 279 321 3627415
&Mount Rose Lodge .~ . B4OO - 258 181 189 L' 238 282 327 386 |
N ST L TN 228 2L8 . 266 286 2
7 166° 108 2,;148‘180, ”212125h.r
1,194.9’; 3% 163 .. 193 233

:{Marlette Lake*

_’ffGranite Peak “ffffijgf

 ffWebberlPeak 12{;{f316:'f‘ S

" Independencs ’-“i‘cf“e"e'kii &
fSage Hen Creek
' Truckee #2 . .
‘-Inclinn Golf Course
1;Tahoe City
FOnion erek‘ e
Donner Pérk #2" _ |

“uckee Ranger Station':6000. 177 124 59.1 .17 :
. 7 RS .+ 90116. 146 192 232 -
Donner Lake o 5950 288 202 . 114.1. 169 222 274 344 - 397

C .00 157199 242 304 354

Boca #2 S ~ 5900 130 91 - 34.8 61 82 . 103 130" 151

e . : - L . A 72 78 81l 82 -_82
",Boca_#l : c . 5800 © .99 70 . 45.2° 69 93 116 147 . 171




NO,

PERCENT MAX. WATER EQUIVALENT IS TO NORMAL WATER EQUIVALENT

BOGA #2

DONNER LAKE #1
TRUCKEE RANGER STATION
TAHOE CITY

TRUCKEE #2

SAGE HEN CREEK
INDEPENDENCE CREEK
SODA SPRINGS
DONNER SUMMIT
WEBBER LAKE
INDEPENDENCE CAMP
SQUAW VALLEY #2
WEBBER PEAK
MARLETTE LAKE
INDEPENDENCE LAKE
BIG MEADOWS

MOUNT ROSE

(MAX/S)

ELEV. NORMAL MAX , %
IN WATER WATER MAX /S
FT.  EQUIV. CONTENT

(s) INCHES .
INCHES USUALLY 1952

5900 25.1

5950  (25,6) 55.4 216

6000 34,1

6250 17.0 38.8 228

6400 18 38.3 213

6500  (20.8) 45,3 218[

6500  (15.4) 35.8 233!

6750 41.1 - 80.9 1971

6900  45.2 82.0 181;

7000  39.g 68.1 | 171f

7000 (23.0) 55.0 233,

7500 76.8

7800  47.8 86.8 182

8000 26,3 45,5 173

8450 49,3 79.0 160

8800 1.8 38.5 121

9000 41,0 81.7 199

(s)

1
!
H
i

S

All Stations
= 195 % of

Avg.




AVQRAG"‘ANNUAL PRPCIPITATION 1

. - V3. : .
- NOVEMBER 1 THRU APRIL 50 PQECIPIT&TION'“

“ggf ‘ ",Qf,‘Precip G Precip

Elev. o o :
S '-Annual
AVg

Aoril/Avg

:”71971 72f »:5:1[3' "10. 51;“ o

 ifl972'73 "'4:i7J f “”l ._31- we T ';“ffl€ *h,?'f;-A» R
¢Sumf,7 ST 1A2'21“1*:*j- 62 88" -_yj ST BT e

-;’ 1. From map of Annual Average Precipitatlon by U S Army Corp f :
A Engineers for Washoe Project Stuaies e s . A o

L‘Z. From Climatological Observations, Q;S;vWéather Bureau}'fpr

Tahoe- ~Truckee Airport

reetre
PRITIN IR N 3

- Inches ;;? Inches;.ggg Avg Nov —'1

;,_. P S s




QUAW VALLEY
OD* SPRINGS
AHOE CITY
ONNER PARK

- GENERAL
ELEV.

6000
7000
8000"

7500
6750
6250
6000

AUCKEE RANGER 6000

STATION
OCA

\HOE-TRUCKEE
AIRPORT

ODTE: 1™ HZO

5800
5900

Equiv., =

ANNUAL AVERAGE PRECIPITATION

5.

SNOW LOADS

DERIVED FROM

PRECIP. MAX/AVG

No Record for Big Year 1952

ANNUAL
INCHES
ogn #
0m X
non
‘MAX. SNOW
OF RECORD
#/SF
437t 57.07
421 57. 31
201 30.9
180% 39.93
177 31.14
130 19.25
- 24429
2 #/SF

2

RATIO? SNOW SEASON MAX.

2.11
2,01
1.79

2.11
2.11
2.11

ANNUAL
%

85%
85%
85%

85%
85%
85%
85%
85%

85%
85%

SNOW
# /SF

233
267
316

Q82

288

372
290

179
227

U.3. Army Corp. of Engineers - Washoe Project Studies

Interpolated Value for Elevations

TARI =

70%
MAX,

163
187
222

nT



ELEV. -

m .

ZSNOW - WATER  DENSITY

&S DEPTH  CONTENT * . (%) MAX .  W/Cotb=—N
5 (in.) (4n.) e wW/e ORLMAX

81.7 - h6.2%  BL.7 100.0
66.5 . 43.8% 79.0 8L.2
L5.4 - 42.0%  45.4 -100.0
"N.R.  N.R. g 36.1  -—- -
'80.3 . 45.7% 86.8 . 92.5
84.0 " 45.7% 84,0 - 100.0 -
: . N.R. . 83.0 - N.R.
o 49.3% 0 97.7 - 9Ll.6.
L7.0% k8.9 . 100.0

SNOW -COURSE

‘). ROSE . .
INDEPENDENCE LAKE -
'MARLETTE LAKE -
GRANITE PEAK . -
WEBBER PEAK. = -
© SQUAW VALLEY #2° 7
SQUAW.VKLLEY.#l_f‘uW;x
CASTLE CREEX
" BROCKWAY SUMMIT
 LAKE STERLING. = .
WEBBER LAKE -~ -
. . INDEPENDENCE .-
' DONNER' SUMMIT
| SODA SPRINGS ' ..
. INDEPENDENCE CREEK
" SAGE HEN CRE
EL‘TRUCKEE #2

W
~<
W
o
}_J
@
= @ |
QQN]QN.QOO”

_-».3/25'1ast,
). 3/27 129.9
)0 - 3/28.101
'v}ag3/26 153,
S NGRG

- :,',5/28 8
00 . "3/30.7
250" :3/30" 5¢
0w .3 /26 109

E?fegjl ’ ?§3’05
. ;J-a551o Al
9% - - 81, a

Qemmmen s

O EONOLINN WU W0 EN O H OO NOD Ak R

B R ER RN A N SRS e
- APRIL 1, 1969 NORTHSTAR DATA .~

L



KLIEFORTH'S DATA (DRI)
TAHOE TRUCKEE AIRPORT (4TA) 5900 ELEV.

Jan.1 > _ Feb.l Mar.1 Apr.1
. !
5 ;? £ 2/1 1.0 —— = 3/3  7.01.0 .14
o Q )
12/26 28.5 8.5 .30 1/31 29.0 10.8 .37 2/26 25.0 9.4 .38 3/31 15.7.7 .51
1/22 32,0 11.5 .36

1/1 22.0 534 .25 2/1 18,5 6.1 .33 3/1 12.0 5.8 ,48

1/2  © 0 -- 2/1 1k.5 4.6 .32 3/1 2%.0 7.2 .31
: 3/14 23.0 8.1% *John Roda SCS
' W/C DATE
Max Values 1970 1.0 (3/3)

10e Truckee Airport
. 1971 11.5 (1/22)

1972 6.1 (2/1)
1973 8.1 (3/14)

% W.C. on Date to Max. of Record
Truckee #2 % Brockway % Boca % Sage Hen %

Max. Max, Max., Max.
20K13 20K22 20K14 20K6
11.5"%5,2 = 59,8#/SF 41 . 5% L2, 3% Ll L% 58. 7%
6.1 x5.2 ='31.7#/SF 27.2% 26.6% 27.2% 41.,5%
8.1 x5.2 = 42,1#/SF 38.5% L6 . 6% 33 6% L9, ;%

1971 MAX. = 59.8/.L423 = 141,4§/SF x .7 = 99,04 /SF

1972 MAX. = 31.7/.266 = 119.2#/SF x .7 = 83,4#/SF

1973 MAX, = 42.1/.336 = 125.4#/SF x .7 = 87.8#/SF

CAvg. = 128.7 90.1 = Avg.

L
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PEAK SNOW LOAD — LBS/FT?
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PEAK SNOW LOAD — LBS/FT?
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- _PEAK SNOW LOAD — LBS/FT?
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SATTLEY LOYALTON

N \\TO e o : . f )
l

(J
SIERRAVILLE

WEBBER (81®

GRANIT
(93)LAKE 20K3 < - PEAK@E-q
20K @ o [} )
20K2 1
(83) . 20K 4
(85)®

INDEPENZ)ENCE BIG ME@LXDOWS

HAKE (81)® (—)
20K5 RESERVOIR
PROSSER
RESERVOIR S/80CA |
R 20KI4¢ N ’
o= 66 \ !
‘ 100}
65 ' ! : 19K 2
0 —_ DONNER 93
©(92) (=) LAKE (—)OF TRUCKEE l cr
, g HWY. 80 94 = ; MT. ROSE
" S : : G:ZZ;%%OKZ, [ LOOGE
— (?? @(92) /2/,_ (=) )
20K10 - THIRO &
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©(82) TAHOE i
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MAR -
A7 (=) LETTE
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20KI9 (—) 20KI6 j
0!
19K 4
; (100}
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: TO
CARSON
(TY

1969 STORMS

VALUES AS % OF MAX.
RECORDED AT STATION
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SATTLEY LOYALTON
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L AKE
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LOYALTON

SERRAWLLE.

" TRANSITION

~ ZONE

N\ ORDINANCE ~ " .
NO.'510 VALUES

SNOW COURSE
LOCATION MAP

TRUCKEE OUAORANCLE
VALUES

RENO

TRUCKEE —

QUADRANGLE 2 RTINS & ISR |
, ‘ __‘GRANHE“ o DU o
PEAK @ V oo

9K2 * |MOUNT. ROSE.

[9K4 = |MARLETTE L AKE:
20K |WEBBER- PEAKL”
20K2 |WEBBER. LAKE:~ 7
20K3 |INDEPENDENCE CREEK
20K4  |INDEPENDENCE CAMP
20K5  |INDEPENDENCE: LAKE
20K6 | SAGE HEN CREEK:

| 20KIO |DONNER SUMMIT "
20KI3 |TRUCKEE 2
20KI14 |BOCA 2 . :
20KI[9 |SQUAW VALLEY 2
20K2! |[DONNER PARK 2
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65  |CASTLE CREEK
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&N eetTe
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O
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c e -\ 70 :
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NO.
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8600C o
7700 ’
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ROOF SHAPES

UPPER ROOF

h[ (L.’O’W‘EB ROQF h[@,?

Lower of multi-level rools with . Roof arcas adjacent to
upper rool sloped towards lower projections and obstructlons
roof on roofs

SNOW LOAD DISTRIBUTIONS AND COEFFICIENTS, LIMITATIONS

LOAD FROM
SLIDING SNOW

DRIFT LOAD

Deaipn lower rool for loads

according to Figure C2-5 plua a
portion of the sliding snow (rom
the upper roof according to text. 0 A

when 10h<0,.8%  use c,* 0.8°
Design upper roof {or loads "

3
according to Figures C2-1 to C2-4 when 10h>2.0 use C ¢ 2.0
' 8
when § ¢ 8 use C, = 0.8°
h

W = 2h
when h<5 f{t use Wz |0
when h215 [t use . W = 30

h = height of projection in ft

g * ground snow lovad in pef
W width of snow drift in [t

L« Jength of projection in ft

Figure C2-6 Figure C2-7
Lower of multi-level roofs with the

Areas acdjacent to rool projections
upper roof sloped toward the lower roof

Notes:

“For rools exposed Lo wind according to Artlele 4.1.5.4., all values of C, marked with an asterlsk (%) may
be reduced by 25 per cent.

All lond dislril)ul'innu shown in these Figures are alsa ta he applicd an atternating steip loading (full and
zero loud) according to Sentence 4.1.5.2.02).

- 576 —
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" 'ROOF SHAPES
ROOF SHAPES
PN ~
RN ,’// o5 '
- - Y
Y
s 1,

_Valleyi l.rean of lwo-npan -and
o mullx pan .lo'pgc_l.or_ curved

‘Lowcr l:val of multf- lcvel rooln
{when upper-roof {s partiof the :
-samebuilding of on‘an adjacent ’

'b\uldmg nol morc lhan 15 {( lwnyj :

:SNOW. LOAD DISTRIBUTIONS AND COEFFICIER TS

LIMITATIONS

Flgurc C2- - 4

' V‘xilcy arcas of two- ym' .md multi- span
(ur\ cd ‘or slopcd mofs :

Notux i |

. *For rools exposcd to wmd :ccnrdinz ‘to /\rtlclc 4.1.5. 4.,
may be reduced by 25 per- ccnt.

Allload distributiona shown in these Fi
according to Sentence 4.1:5.2.(2),

In Figure C2-4 nate that the term (« = I07/50 is
Scntence 4. _l 5.3, (a)

~575 -

rlgurc C2 5

Lowcr m(xl's of mullx ]C\ cl r(x)f\ .

all vulues of C. |uurkrd whh an’ xulrrluk ()
gures are alsy to bc applicd as l(rln lu.xdmz (ful) and zerw lmd)

V-xlui only for llum a ch.uor than 30° an pruvldcd in




Simple {lat and
shed roofs

ROOF SHAPES
—_—

Simplo gable and
hip roofs

SNOW LOAD DISTRIBUTIONS AND COEFFICIENTS

Simple arch and
curved roofs

. LIMITATIONS

. CASE | CASE ]
¥ s
RHEHHL [T e, (i o
x
orseu [T [ onsen_qfffes
* .30
Cg 20.8 - 5o for o< 20° use Case | only r‘”‘_’_‘s,‘_un Cane [ only
L 10
> 209
Typical values: for o ure Care Land I (°r£>.l.. use Caee L and 1
{°i
C
d A
shelt | expd Case | .
010 30° [ 0.8 | 0.6 eX . 0.8 . X-30

40° 0.6 0.45 s ' 30

50° 0.4 0.3

60° 0.2 | 0.15 Cane 11 .

o C

70° to 90 0 0 o . 1-25(0'8'9(3-'0—&)

. Figure C2-1 Figure C2-2

Flat and shed roofs
Note st

be reduced by 25 per cent,

All load distributions shown In these Figures
according to Sentence 4.1.5.2,(2),

In Figures C2~1 and C2-2, note ¢
as provided In Sentence 4.1,5.3,(x)

*For roofs cxposed (o wind according to Artlcle 4.1.5.4.

. Gable or hip roofs
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- Figure C2-3
Arch rools

» wll valucs of C, marked with an asterisk (" m;y
are also to be applied us strip loading (full and zero load)

hat the term (a — 10)/50 Is unly valld for slopes a greater than 30°

y——




R et o K -
Limits have been placed on the.coefficientsso that they will ‘notbe less than the basic : l A
, . coefficients nor greater than 2. The reduction of 25 per cent for exposed roofs should be e e R
o ‘ " considercd applicable only to arcas of the roof that are unprotected, ie. some distance. . | S i
o - (estimated at 10 times the height %) away from the projection. Since narrow projections © .. . : Sl

seldom produce significant ‘snow accumulations, drift Joad from projections need only be
considered when thedength of the projection’in feet exceeds one-sixth of the specified ground
snow load in pounds per-square {oot. : . O oL

(8) Example Sheet 1 (Flgure C2-8)

Example sheet-No. 1 has been added to show in graphical form the snow load ‘coefficienty -
“C, for uniform and unbalanced load conditions o1 gable and hip roofs with varying slopes - S L
. -according-to the slope 'rednc.tiqn‘fornmla ol ‘Figure -C2:2. It will be noted that for the lower | T
. -slopes (0 to 20 chrccS) the imbalanced load is given by -the requircmients of Sentence o
o . 4.15.2.2), ie. with zero-and full load, whereas lor the steeper slapes: (greater than 207
.- degrees) 1t is given by Joad case ] of Figure C2-2.- "~ - = PR e T

’  , (9) tE;;;‘mfglg Shect 2 (Flgure .Cl-.é_.),.:_

Example sheet No.- 2 shows ithe-design snow-loads-in -psf Tor various differences ‘in roof
¢ .+ = elevation forsmulti-levelrodfs:according ‘to ‘Figure C2-5 for three typical ground-snow loads:
o twillibernoted that 25 per cent reduction for- exposed tools-according to-Article 4.1.5 4.
*" should .be considered ‘dpplicable ‘only to:areas of the Foof ‘thatare unprotected, i.e. some

: distance estimated at 10 times the difference i elevation; away.from > [

<. Trans, ‘Engineering 1ustit. of :Ca
 4;1'8-).. S R .

s




(2) Gable or Hip Roofs (Flgure G2-2)

For guble or hip roofs both uniform loads aind unbalanced loads should be considered.
A load 25 per cent greater than the uniform load on one side and no load on the other is
recommended to account for the snow blown from the windward side over to the leeward
sidde. An unbalanced load is also justitied on this type of roof because of the possibility of
snow being removed by sliding from one side only,

The same reductions as in Figure C2-1 in the coefficients for slopes exceeding 30 degrees
are permissible, .

When gable or hip rools are ncé;u'cn( to higher roufs or have projections, reference must

also be made to Figures C2-5 (o 2-7

(3) Arch Roofs (Flgure C2-3)

For arch roofs both uniform and unbalanced triangular loads are given. The coefficients
for the unbalanced Ioutl_:lru 0 at the ridge und 2.0 at the eave. The unhalanced load is based
on the theoretical consideration of higher wind velocities at the peak and also from ficld

observations ol this type of load. The coefcients are based on the 1LS.S.R. snow load
recquirements,

Where there are adjucent higher roofs or projections reference must also_ be niade to
Figures C2-5 to C2:7 for further cocfficients.

(4) Valley Arens of Two-Span and Multi-Span Curved
or Sloped Roofs (Flgure C2-4)

For vulley arcas of two-span and muiti-span roofs a uniform toad with appropriate slope
reductions is used, as well as two types of nonuniform foad to account for drifting and
sliding anow. Slape reductions of the coefficients for cases [ and 11] arc not allowed since
melting or sliding snow will tend to accumulate in the vaileys, These coeflicients are based
on field observations in Canada and the U.S.S. R, snow load requirements,

Should there be adjacent higher roofs or projections reference must also be made Lo
Figures C2-5 1o C2.7,

(5) Lower Roofs of Multi-Level Roofa (Flgure C2-5)

The design load for roofls adjucent to higher rools is recommended to be taken as a triang-
ular load with a maximum (in pounds per square fvot) equal to 15 times the difference in
roof clevation (in feet) reduced to the normal snow load at a distance from the higher
rool of twice the difference in elevation. This foad is based on the assumption of a triangular
snow drift extending to the top of the higher roof. Such drift loads oceur not only when
the upper rool is part of the same building, but alse when it is on an adjacent building
nat more than some 15 [t away,

s

Ancupper limit of three times the basic snow load has been suggested in Figure C2-5,
It shoul(f be noted, however, Lhat higher foads have been observed where an upper roof
was very long (measured perpendicularly to the step between the upper and lower roofs).
On the other hand, for relatively short tpper roofs (say less than 50 ?t) a reduction below
the value caleulated from Figure C2-5 may be judged adequate by the designer,

The reduction of 25 per cent (or exposed rools should only be considered applicable to
the areas of the roof further than 10 thiies the difference of rool height from the upper roof,

(6) Lower of Muiti-I,eve Roofs with the Upper Roof
Sloped Toward the Lower Roofl (Figure C2-6)

Where snow is likely 1o slide onto o lower rool from an upper roof (he lower rool should
be designed for the load as provided for in Figure 2.5 plus an additiona! load produced
by the snow that may slice from the upper roof, It is not possible at the moment to provide
coefficients for this problem but the following guide is recommended. Because of the remote
probability that b upper and lower roofs will have theie full toad over the full areas
simul taneously when shling oceurs, it may be assumed that the lower rool would be carrying
its futl load according to Figuee C2-5 and that sliding of S0 per cent of the design load from
the upper roof wouid occuyr, The distribution should e mivde depending on the relative
sizes, slopes and positions of the (wo roofs, [, because of i relatively small lower roof, all
the sliching snow cannol he retained on it aproprinte reductions may be made. The deansity
of shiding snow may be rather high,

(7) Areas Adjacent to Roof Projections (Flgure C2-7)

Trinngular drift loads are recommended adjacent o vertienl projections from roofs,
with a muaximum (jn patnds per squitre foot) cqual to 10 times the projection height A
(in feet), reduced (o (he normal load at a distance of twice the projection height, Fhis is
cruivalent to depth of snow of twa-thieds of the projection height (See [\, 0y,
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) -‘Cocfﬁcnents for valley areas arc’ prcscnted in hgure C2 4

2 whlche\ er roduccs the' grcncst (.ffu ts on thc ulcmbcrs unu_crn(.d '( ¢ S(.ntcnt.e 4 1. 5 .2.
- of the NBC). The reasons for this overriding:requiremer :
"jcumul‘ttcs evenly and to Umrd
side. Consequently,

-are subject to stress reversals ‘oF otherwise sensitive to- <h‘u\ges i load distribution, nou-"

by the designer and the authority having jurisdiction to be more appropriate for- (hc par-
ticular roof being designed and il based on applicable field observations or .on. model tests, -
{n an effort to provide guidance to desngncrs, the Division of Building Reseanch” h'\s pub- -
lished a collection of case historics of interesting non-uniform snow loads‘” -

F'ngures C2-1 1o C2-3 are for the basic roof shapes. Ihesc are the sunplc ﬂat and shz,d'- "
roofs simple gable and hip roofs and_ thirdly sinvple arch ind -curved, roofs. These.roafs

can be loosely classified as single span roofs: More complex rool shapes-can then often he o

considered as combinations of these three rools shapes. “Uhe basic rool shapésican he c¢ither
combined with equal cave hughls produung it mflcy or un(,qual e hughts r(.sullmg T

a multi- lcvcl roof

Valleys in two- sp..m and multx spdn rool's lc.ld to mcre'tbed loads in the troughs from thc'i': h
influence of the wind and, with steeper slopes, from’ slxdmg, (rLeplng or, n\eltmg sNOW

On multx level roofs th(. arcas on ithe lower 00l that are ady

are. subjected to heavier snow loads.due to drifting, The: cocﬁicxu"-

trhc lower lcvei of multx lcvel roofs are; provndcd in

kSt :rofn the propcrty ]
the _dxst ysed m

: rcm nndcr ol lh(. (er\

rinst unbalanced loadin
since.certain strmtural mcmbu‘s {(such

now rumw'\l from, onc,”.'.“;
tain -diagonals of trusses)

umform loadmg must always bc cmmdarcd b> lhc. (1LSlgll(.l' n 1ddm<m to umform lo.ulmg

'DETAILED EXPLANA FION OF FIGURE? C2 1 TO C2 9
- (1) Flat and Shed Roofs-—SlopL RLduction (E‘Igurc (,2 l) '

Sm(c undcr most conditions, steeper: roofs tend to .luumul\l(_ lL‘\\ siiow Lhan: ﬂlt wnd
modLmlcly sloped.rools because of shiding and better drainage, the coctlicients are” reduced
for slopes exceeding 30 degrees as shown in Fi 1gurc C2- 1 .nul for sl()pc\ exv cuhng 70 (Icgrccs

: no SNOW. foad need be wnsndercd

For multi-level flat or shed roals .m(l [nr rtmfs wlth \crtu.ll pru;uhons F!gurcs Ci- 5

>'C2 6 and C2-7 should be rcfcrrcd to.
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deflection) because usually the drains are located at columns (high points), This redistri-
bution of load causes further deflection and can Jead to a very dangerous situation.

Snow Removal

Although it is fairly common practice in some arcas to remove snow [rom rools after
heavy snowlalls, the NBC does not allow a reduction of the design snow lnitd to accaunt
for this for the [ollowing reasons:

(a) Snow removal cannot be relied upon. Experience in several countries hius shown that
during and after extreme snow storms traffic is at a standstitl aned snow remaoval crews
cannot be ohtained, :

(b) Snow cannat be effectively removed from the contre of large roofs,

(¢) " Unbalanced loading can oceur as a result of snow removal from one side although
actually the NBC gunrds against this possibility by requiring cach roof member and
rool structural assembly to be designed for Tull Toad on any portion of the arca and
zero load on the remainder of the area. : .

DESIGN ROOF LOADS IN THE NATIONAL BUILDING CODE

Historical Notes

[n the past, e.g. in the 1953 Nutional Building Code of Cinadatn, design snow loads
were often considered to be equal to the ground snow load with reductions allowed for -
sloped roofs only. Such design load values were admittedly rough and have resulted in
overdesign in some rouls while allowing underdesign in others, particulirly in areas subject
to high drift load. Iuformation on which to base a more refined assessment of the loads
was, however, not available until a countrywide survey of actual snow loads on roofls was
undertaken by the Division of Building Research with the help of many volunteer obseryv-
ers®?, ‘This survey provided evidence on the relationship between ground and roof loads
and cnabled the committees responsible for the 960 revision of the Natiohal Building
Code™ to make some changes in the roofl loads compared with the ground load. The roof
load was set at 80 per cent of the ground load, the ground load being based on a return
period of 30 years and adjusted to allow (or the inerease in the load ciused by rainwater
absorbed by the snow (sce Ref, §).

With the advent of the 1965 Cude some further changes were made by the Revision
Comimittee on Structural Loads and Procedures which have led to a maore rational approach
to snow loads for the design of roofs, All rool loads were directly related to the snow load
on the ground and consequently the column for the roof snow load in the table of Desiyn
Data for Selected Locations in Canada in Supplement No. | was omitted, ‘The basic roof
load was again 80 per cent of the ground Io:n.{ except that (or roofs exposed to the wind a
roal load of 60 per cent of the ground load could be used under certain conditions described
further below. This reduction of rouf Joad for exposed rools to 60 per cent of the ground
load was only made beeause it the sime time allowance was made lor o variety of influences
causing accumulations of snow Joads on rools. This was done by means of “snow lond co-
cfficients” or shape factors which are shown in the form of diagrams and simple formulae
in Figures C2-1 to C2-7. Explanations of the use of these coefficients are given in following
secttons.

Changes in the 1970 National Building Code

No major changes have been made in the snow load requirements for the 1970 Code.

DETERMINATION OF DESIGN SNOW LOADS ON ROOFS
Busic Snow Loud Cocfliclents and Modlificatlons to the Coefficienty

The minimum design snow loads on a roof area or any ather area above ground which is
subject to snow accumulation is obtained by multiplying the snow load on the ground, g,
specified for the municipality or area considered by the snow load cocllicient, C., applicable
to the particular roof area considered

s=Cee
¢ =design snow load in psl
L o=grownd snow load in psl
C.=snow load cocfcient.

The basic snow load coefficient is 0.8, except that for roofs exposed to the wind. under
cerlain conditions to be described, this value may be reduced to 0.6, These cocflicien(s
are to be further maodificd (increased or decreased) o account for the influcnces provided
for in Article 4.1.5.3. of the NBC wnd discussed carlier in this cammentary. Such modilied
snow load coefficients C. are given in Figures C2-1 to C2-7 for various fairly common
rool shapes. For other roof shapes, other cocfficients may have to be used if considered
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Effect of Wind on Snow Accumulation on Roofs

In perfectly calm weather falling snow would cover roofsand the grouud with a yniform
) blanket of snow. If this calm continued, the snow cover would rematn undisturbed and -
i the prediction of rool loads would be relatively siniple: -the design snow load could be = S -
considered as u uniformly distributed load and equal to w suitable statistical maximuny '
of the ground snow load. . T e :

_ Truly uniform loading conditions, however, are rare and have been obsery
certain arcas of the Rritish Columbia mountains and occasionally in.other are

ed anly in

. ; o ] 101 as_on roofs
thatare well sheltered on all sides'hy high trees. Inmost regions snowlalls are acedrupanied |

or followed by winds. Snowflukes, having a large surface area for their weight, are cusily
-transported horizontally by thc'v.w;nnd._'-Cousequen’tly;smcc many roofls are well ‘exposed Lo
the wind little snow will accumulate on'them, el o

-+ Over certain parts ol roofs the wind speed will be slowed down’sufficiently to lat the

“ snow M'drop out'and accumilate in drilts. This.can'be visualized by reference to the action -

: : of snow [ences which cause the 'snow to “‘settlé out”; These arcas’on roofs could beealled
© o 0 7 ™areas-of acrodynamic shade”, and occur-inost] d-ver ) ons’o '

Sl w0 Anexampleol this is thearea’behind a'penthous

: ind direction i :

) -c'c_,p.r'ibl‘c,t_o':
. Canopies, balc 1ie3
“ori such roofs olten ‘reu

..ol :elevation ‘of the twc
“.pends on the'sh
3

ANe-gro
~distributions=(li
hand-itis tri
ot Always)

0
ked rools on’r
nowscompared” s

o, better-insu

relied upon ¢ :
and toward ‘th
- freezing point;

¢ Colder perivdss
tenipérilture risés-nearer

the nielting ol the SHOW,

. In ‘S.F)C‘('l:‘“vL‘:I:QCSUI’U_‘U‘(S h;n"c Deen designed with redyced .dc:«"i.g_l'i, loads for h‘rc";is_'__\:»ji(h'_ la'rg';:" _
snow l();\ds,b')' meorporiting ‘in the.rool stmethod of-clearing the roof of snow periodically
~during th:\wu___uc_rvb)',.thc:dglxbér:uc,hc.‘xling' of the rool {"*thermal unloading").,.- e

o 7 Redistribution of Load from Melting Srow. ‘ , AN .
- Redistribution of 'snow Joad can occur not ‘only as a result of wind ‘action, O “sloped:
roofs there are two problems conneeted with the melting: of snow at tewperatures slightly’
below freezing. Firstly, melt water cin refreeze on caves and cause highice loads (also
water back-up under shingles). his can'at least partly hesofvediby tuking steps todécredse™
the heat loss from the upper parts of the roof. Sceondly, il rool slopes and drains ontoa
- lower one, mell water sométines accumutes by refeeezing on the lower rool o it is retained
‘in the snow. - ' S ’ o oeor T

Since flat rools in general do not providé as good drainage as hat naturally obtained
- with sloged roufs, snow and ice will remain on flat rools longer than on sloped roofs. On-
large Rat roofs of industrial and commercial buildings, heavy lvads are observed near pro-. o
. jcqt‘ions such as air ducls (which sometimes act like siow fences in retining snow)! }.\'hcn___' :
‘ R c. - thissnow mielts it may drain into the lower arcas in thé centre of bays (i.e., arcas ol maximunr
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NBC OF CANADA, 1970 SUPPLEMENT No. 4
COMMENTARY NO. 2 |
SNOW LOADS

by .
- Wo R Senriever, DAL Lutes, ann B, G, W, Purir

VARIATIONS OF SNOW LOADS ON THE GROUND AND ON ROOFS

Snow loads on roofs vary ;\ccordinf: to geographical location (climate), site exposure,
shape and type of roof, and of course from one winter to another,

Before the rool snow loads can he discussed, however, the ground loads must be con-
sidered since they are Lhe basis for the determination of the roof loads. Ground snow loads,
forming part of the basic climatic information needed for building design in Canada, are
dealt with in Supplement No. | to the National Building Code®™, There, the snow loads
on the ground are given both in form of a ‘chart (Chart 9) and in form of a table of “Design
Data [or Selected Locations in Canada’, "This table is reproduced in Part D of this Supple-
ment for the convenience of the user.

Climate Variation

The wide climate variations existing in Canada produce wide variation in snow load
conditions across the country. Coastal regions (both Atlantic and Pacific), because of
frequent thaws during the winter, are usually characterized by snow loads of short duration,
often caused by a single storm. The mountainous regions of British Columbia and Alberta
expericnee the heaviest snow loads in the country, lasting the entire winter and varying
considerably with elevation, Prairic and northerin regions have very cold winters, with
small annual snowlalls; owing to frequent strong winds there is considernble drifting of
snow both on rools and on the ground. Finally, the central region, including Ontario and
Queber, is marked by varying winds and snowlalls, and sufliciently low temperatures in
many places to allow snow accumulation all winter. In this area high uniform loads as
well as high drift loads occur.

Local Variatlions. Mountain Arcas

[t should be noted that charts on such a small scale as those in Supplement No, 10
cannot show local differences in the weather elements even where these are known to exist,
Practically all observitions used in preparing Chart 9 were, of necessity, taken at inhabited
locations and hence the Chart applies essentially to permanently populated areas. This
should be noted by designers particularly [or mountainous areas because ground snow
loads are known to increase with elevation. In mountain areas therefore, the snow loads
of Chart 9 and the Tuble apply only to the populited valleys not to the mountain slopes
and peaks with higher elevations. For the latter areas, local expericnce should be_taken
into account. For some mountain areas water equivalent data, collected Tor hydrological

urposts, are available from which the relationship between clevation and ground snow
oad can sometimes be determined for a given elimatic zone,

Specific Gravity of Snow

Snowflakes of falling snow consist of ice erystals with their well-known complex pattern,
Owing to their large surface arcic Lo weight rtio they fall to the grovwnd relatively slowly.

Freshly (allen snow is very loose and fufly, with a specitic gravity of about .05 to 0.1
(1720th to 1/10th of water). [vmediately alter (alling, however, the snow crystals start to
change: the thin, ncedle-like projections begin to sublime and the crystals gradually become
more like small irregularly shaped grains, This cesults in settdement of the snow and alter
a few diys or weeks the specilic gravity will usually hive inereased o aboat 0.2 or higher,
even at below freezing temperatures. Thesspecific gravity of old snow generadly ringes
fromt 0.2 to 0.4. Since maximum snow loads nearly ahways ocenr immediately afltee an un-
usually heavy snowlaland henee a lorge proportion of the suow has o low density, i miean
specific gravity of about 0.2 was used to calewdate the weight of the whale snow cover in
Supplement No. 1. The actual value used was 0.192, since it was (ound convenient to
assume that one inch of snow cover corresponds o a load of one paund per squire foot.
To this was added the weight of the maximum one day rainfall in the period of the year
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