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SumARV

ThU pAoje.cE wa* -LnctiaXud to dztQAminz tkz z”e-ct ofi Aooj,
i>lopu and Aoo™thg matZAtaJU on tkz Aztzntton oa azlzoaz ofi 6ncw.

A Snow SimiatoA oa laboAatoAy tzzh.niquz weuw> iuzd loa tkz
maj'oA paAt o tkz azazoacli and pAovzd to bz z~zcttvz In anazyt>U>
o™ rnodzl* 4zalzd to pAototypz Aoofa.

Static tZAU wzaz u-t>zd to dztZAminz tkz z~zct ofi Aoofitng
matzAtali, at well at dzgAzz ofi tlopz on ~tiding tnow. Somz fitzld

ttu&Lz* wzaz caAAlzd oat to con”tim laboAatoAy AZtultt.

A
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OBJECTIVES OF RESEARCH

1. To dut&timinz cAiticaZ tlopu Koofa houbut, and baitcdinQi,,

iNn geneAat, which, retain ok dupeAtc 6now by QKaviXy.

2. To dctCKminz the e”ect o> common Kooning mcrfcsUats on Kztzntion

ok duApcKbaz o™ know on Koofa ofi vokloua 6lopC6 by gKavlity.
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IntnoductLon

F.H. Theak™ton and A660cC”-i, Consulting EnglmoAS, Guzlpk, OntaAlo,
wane, commisslomd by Canada \koKZgag<L and Housing Corporation to conduct
research In determining roo” slopes and types ofi rooming material with
respect to sliding or retention o” snow on buildings In Canada.

There Is a widespread variation ofi show accumulation on the roo”*s
o{ houses and other buildings In Canada throughout the winter months .
There are many factors relaxed to this occurrence such as the
geographical location ofi the house or building, the snow belt location
In which the house or building Is sited, orientation, the prevailing
wind, e”ect of> other structures, type ofi terrain, trees and other
objects. However, the retention o” snow on roofis Is mostly due to the
slope o" the roo{s and the material used ”~or the roofi surface. Other
factors wvill certainly add to the cause ofi retention such as sudden
changes In the roo” slope, dormer windows, overhangs, canopies and
building appurtenances and the longer snow remains In situ the greater
the density ofi the snow.

Most snow loads can be calculated tfrom national Building Code
criteria and by using a practical snow density value. However, snow
which tends to slide makes It dI™lcult to assess since the duration
ofi the loading Is dI™lcult to compute.

In some parts o” Canada house and other building owners wish to
retain snow on the roo” ”~or Insulation purposes and In some Instances
the owners have added devices to the roo{, to assist In retention o"

snow. SStill others wish to remove snow as quickly as possible to
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dzcAzaAn 4now load on tkz aoo™ QJXhza by gravity oa othza mzan*.

Omefit> o™ mihl A.Z40/U-6, co-btagz* and kotzl* 4 omztAjnz dz/if/iz 6 now
accumulation on the aoofa fioa aesthetic acaAont and convoAAZly,

otkoAA wli>k to have the inow azmoved oa quickly oa poAtiblz fioA
AtAucX.uh.aJl Aanzty AzaAonA. It haA bzzn obAzZhvzd that ovzhhanging

Anow oh cohnicZA at hz60ht ahzaA, dwelling*, hotel*, aihpoht building*
*uch a* tzhminal*, hangaAA, etc., *chool*, chuhche* and public bounding*
orften cheate human hazahd*.

Genehally, *now wvill hemain on the hoo£* ofi building* ”~oh a time
the duhation o” which i* dependent upon the *lope and the hooding
matehial. The *now accumulation will occuh, to the gheate*t depth, on
the lee*ide, which i* due to wind cuhhent*. In photected ahea* *now
will accumulate in depth on both *ide* and may helea*e *imultaneou*ly.
Thehe 1* a *thiking *imilahXty between the helea*e o{, *now £hom a
hoof£ and the occuhhence o”" avalanche* though, o" couh*e, the latteh i*
o™ gheateh extent. Some orf the in~ohmation belated to the helea*e o*
avalanche *now ha* been u*e”ul in thi* *tudy.

In cehtain building* whehe metal cladding on the hoo{* ha* been
u*ed and whehe heat la than*&ehhed thhough the matehial fihom within
it iA expected that feezing and thawing thhough the night and day,
hZApectively, cheate* globule* o” ice which accelehate* the avalanche
eifiect. Howeveh, even with thi* po**ibility the *lope ofi the hoofi
and the hooding matehial will be mo*t dominant in the helea*e oh

hetention o" the *now.
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Some buildings, particularly Agrliculiural buildings, have a
"racking" effect as wind pressure {4 applied to the building. This
has a tendency o "spring" sncw free of the roof especially Lif the
rhooging maternial is metallic.

While design information {8 availlable to architects and engineerns
through several sounces £t 44 not sufficient to provide builderns with
sound information regarding proper slopes of roogs for prescribed
situations and, indeed, some of the slopes commonly used on houses
encourage accumulation and subsequent retention which, of cocurse,

increases zthe snow Load.

A Laboratory Procedure for Analysis

A Laboratorny procedure which utilizes "The Snow Simulator", (Figure 1) has
has been most useful in studying slopes and accumulated snow. This
device has been used forn many years and was pioneered by the principal
neseancher in this study. The apparatus uses fLowing water to simulate
wind and silica sand to simulate snow. Medels were used in studying
varlous slopes of roogs and resulting accumulated snow and point of
nelease of snow. 1L has proved £o be effective Lin this study since
a Lange numben of undits were tested in a relatively short period and
without the necessity for winter conditions, (Figure 2).

The "Snow Simulator" s basically an open channel with glass
sides for observation and measurement purposes. 1t 4is 9.2 m. Long,

1.0 m. wide and 0.5 m. high. A wide range of simulated wind

L1 A b b |
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FIGURE |

SNOW SIMULATOR
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velocities can be used by raising or Lowering an end gate.

The models are made of plexiglass and are scaled to give
comparative results with that of prototypes. The models are easily
notated to enable the nesearchen to siudy the effect of snow
accumulation from varying wind directions. Silica sand 4is 4injected
into the fLowing water at the fLume entrance and falls cut at the
medel £in the same manner as in a prototype situation. Maximum snow
accumulation is Ldentical to that cbiained in protoiype conditions.
Because the model analysis is quite exacting in comparison with
prototypes Lt 48 possible to siudy various roof pitches to determine
ernitical slopes at which snow 48 retained on released. Field studies
were made of several noogs and valuable information was obtained,
(Figures 3 & 4), However, due to the period in which the study was
made (Apnil to August) it was not possible to cbtain data for maximum
snow conditions. 1t 48 recommended that §ollow-up §Lield studies be
made in the winter of 1984.
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FIGURE 2

TYPICAL ROOF SLOPES
MODEL SIMULATION
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FIGURE 3
SNOW ACCUMULATION ON ROOFS
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FIGURE 4

FIELD OBSERVATIONS OF SNOW ACCUMULATIONS
ON VARIOUS ROOFS
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Static Test of Rooging Materials

The situdy of hooging materials and thein effect on retention
on s0Ading of snow was most sultably carnied out by using small
scale roof Ahapes and actual roofing materials, (Figure 5). Snow,
which had a density of 0.4 (the maximum density recommended by zhe
National Building Code fon design purposes) was used in the static
tests. The nhooging materials ztested were those most commordy used
in Canada and ranged §rom smooth to rough §inishes. They were plywood,
pre-painted sheet steel, pre-painted sheet aluminum, asphalt shingles,
§ibreglass, and cedar shingles. Tne angle o4 the slopes of the roofs
varied gaom 25 degrees to 70 degrees at 5 degree intervals.

Observations were made of the reaction by the snow at each roof
shape and noofing material. While this was being carredld cut in the
Laboratory field studies were being made of prototype roofs of similar
slopes and materials, (Figure 4). Although snow deposition in 1983
was minimal it was possible to do some field analysis and the comparison
between field nesulits and Laboratory results was very favourable.
Photographs were Zaken and some are {ncluded in the report. Tables
Showing the results of both Snow Simulation szudies and Static Tesits

are included in the repont, (Figures 6 o 11),
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FIBREGLASS, ASPHALT SHINGLE AND PAINTED STEEL MODELS

CEDAR SHINGLE, PAINTED PLYWOOD AND PAINTED ALUMINUM MODELS

FIGURE 5
STATIC MODELS OF VARIOUS ROOFING MATERIALS
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Conclusions and Discussion of Resulits

This study has enabled the reseanchers o analyse quickly and
efficiently the effect of sLopes of roofs and the roofing material
cn s8iding snow. This has been possible, p&imanizg, by the use of
the "Snow Simulaton" which has been developed by the principal
neseanchen in this profect.

In preparation of standards for snow Loads on roogs Lin various

countries with particular neference to the U.S.S.R. and Canada,

Schnieven and Ostavnov state "Mone research on the relationship between

inelination and snew Load fon various conditicns is required befonre

much refinement can be developed." The results of the project {ndicate

there is an opportunity fon further investigation ,primariily in the
area of 4ield studies ko support the results of the model analysis.
The nesults of the profect indicate that architects, engineers,
designens and builders can put confidence in the model technique
in planning roofs of usual orn unusual s€opes.

The static test of roofing materials indicates that all roos,
with either smooth or nrough sunfaces, will accumulate snow on both
sLopes Lf the building 44 enclosed by trees orn other buildings.
However, the snow will s&ide sLowly under increases of accumulation
up Zo an angle of sLope of 30 degrees. From 30 degrees of slope Lo
50 degrees of sLope the snow will accumulate Zo a maximum depth and
as the density increases it will suddenly release similar to an

avalanche. Funther wornk should be carrnied out to determine the
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precise density at various sLopes though in this sztudy zhe
necommended density of 0.4 by the N.B.C. was used in all cases.
From an angle of sLope o4 55 degrees and greater there was Little,
if any, netention as the snow immediately s&id from the roof,
(Figurnes 6 & 7).

The model astudies in the "Snow Simulator" peamitzed the
neseanchen to study the effect of various wind directions refative
to aceumulation areas and retention. Cornering winds result in
the gneatest concentration of snow in one Location of the roof (on
the Leeside) but no matter which ordientation of wind used a maximum
accumulation occcuwrned. This was eithern netained or released on the
same basis as the static test and was dependent on the degree of
slope and textune of the surface, (Figures & %o 10),

Six roofing materials were used {in the study and, as may be
expected, the rough textured sunfaces retained snow for Longen
periods up to 50 degrees of sLope but in every case there was a
sdmilarity of netention on nelease depending on the surface and

sope, (Figure 11),
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Recommendations

1t i85 hecommended that this profect be a gudide for fuiture
investigations of roof snow slide since Lt can be carrnied cut in
the Laboratony.

However, corroboration should be obtained by field analysis
under winten conditions. The nresearchers have already established
a base fon field analysis.

Some closern measurements of density should be made <in the gield

and comparison made with initiation of a€iding orn avalanche §ecw.

Respectfully submitted,

45£?Z/¢7§ii14,é2¢77ﬁ1

F.H. Theakszton, P. Eng.
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ROOF SMOOTH ROUGH
25°  (1/4) NS NS
30°  (1/3) SS Ss
35°  (1/3) A A
40°  (5/12) A A
45°  (1/2) A A
50°  (3/5) A A
55°  (3/4) S| Si
60° (3/4) sl S|
70°  (11/2) sl sl

KEY:

—

A — AVALANCHES
NS — DOES NOT SLIDE

S| — SLIDES IMMEDIATELY
SS—SLIDES SLOWLY

FIGURE 6
RESULTS OF STATIC TESTS

COMPARISON OF ROOF SLOPE, ROOF FINISH
AND SLIDING OF SNOW
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ROOF SMOOTH ROUGH
SLOPE FINISH FINISH
(PITCH)
25° (1/74) A A
30° (1/3) A A
35° (173) A A
40° (5712 MA MA
45°  (1/2) MA MA
50° (3/5) MA MA
55° (374) NA NA
60° (3/4) NA NA
70° (11/2) NA NA
KEY:
A — ACCUMULATION
NA— NO ACCUMULATION
MA — MINIMAL ACCUMUL ATION
FIGURE 7

RESULTS OF STATIC TESTS

COMPARISON OF ROOF SLOPE, ROOF FINISH

QE_SNQW
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TYPICAL ACCUMULATION FOR 400f45° 8 50° SLOPES

* WIND DIRECTION
ALL WIND DIRECTIONS

TYPICAL ACCUMULATION FOR 55°. 60° 8 70° SLOPES

FIGURE 8
TYPICAL SNOW SIMULATOR TEST RESULTS
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WIND DIRECTION *
ROOF SMOOTH FINISH ROUGH FINISH
SLOPE
(PITCH) 0° 45° 90° 0° 45° 90°
25° (1/4) NS NS NS NS NS NS
30° (1/3) SS NS NS SS NS NS
35° (1/3) SS SS SS SS Ss SS
40° (5/12) SS SS SS SS SS A
45° (1/2) SS SS SS SS A A
50° (3/5) Sl SS S| Sl SS SS
55° (3/4) S SS S Sl Ss SS
60° (3/4) S Sl Sl Sl 8S SS
70° (11/2) Si Sl Sl St Si S|
KEY: % WIND DIRECTION

A — AVALANCHES
NS — DOES NOT SLIDE ° o

S| — SLIDES IMMEDIATELY
SS— SLIDES SLOWLY O/‘

FIGURE 9
SNOW SIMULATOR TEST RESULTS

COMPARISON OF ROOF SLOPE, ROOF FINISH
SLIDING OF SNOW AND WIND DIRECTION
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WIND DIRECTION *
SMOOTH FINISH ROUGH FINISH
ROOF
SLOPE
(PITCH) 0° 45° 90° o° 45° 90°
25° (1/4) A A A A A A
30° (1/3) A A A A A A
35° (1/3) A A A A A A
40° (5/12) MA MA MA A A A
45° (1/2) MA MA MA A A A
50° (3/5) MA MA MA A MA MA
558° (3/4) MA MA MA MA MA MA
60° (3/4) NA NA NA MA MA MA
70° (11r2) NA NA NA NA NA NA
KEY: % WIND DIRECTION
A — ACCUMULATION
NA— NO ACCUMULATION o° >
MA— MINIMAL ACCUMULATION
o plan
2] o
A A
FIGURE IO

SNOW SIMULATOR TEST RESULTS
COMPARISON OF ROOF SLOPE, ROOF FINISH

ACCUMUIATION QF SNOW AND WIND DIRECTION
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2] o
u %) o 3
® 1 w 1% Z
s | Bl g | | 2
ROOF o 5 = 2 i 3
SLOPE 2 - ® z a =4
(PITCH) o 0 a a a
) 3 - o - -
T <
x o Z a Z =
— 1)) W
v < & O a &
25°  (1/4) ss NS sS NS NS ss
30°  (1/3) SS NS Ss NS Ss SS
35°  (1/3) SsS NS Ss NS ss SS
40°  (5/12) sI NS ssS { Ns ss ss
q5°  (1/2) S| NS ss NS SS SS
50°  (3/5) sl NS ss NS S| S|
55°  (3/4) sl SS Sl Ss S| st
60° (3/4) S| SS Si s S| Sl
70°  (11/2) Sl sl Si s sl si
KEY:
NS — DOES NOT SLIDE
Si— SLIDES IMMEDIATELY
S5 — SLIDES SLOWLY
FIGURE Il

TEST RESULTS COMPARING VARIOUS ROOFING MATERIALS
ROOF SLOPE AND SLIDING OF SNOW
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