
DETERMINATION OF ROOF SLOPES AND 
ROOFING



Ill'H
F.H. THEAKSTON & ASSOCIATES
Consulting Enginssrs (A division of Guelph Manufacturing Group Ltd )

1 94 Speedvale Avenue West,
Guelph, Ontario N1H 1C3 519-824-7656

VETEmiNATlON OF ROOF SLOPES ANV ROOFING

MATERIAL RE SNOU RETENTION

A Report 

by

F.H. Theak^ton and Ai{,ocU.atu 

Guelph, Ontario

A ph.oje.cA 6u.ppoh.ted by Canada Mohtgage and Houutng Coh.pohatAon, Ottawa, Canada 

Repoht No. 83159 Augu6t 15, 1983

Newt W. Clayton
President

Frank H. Theakston P. Eng
Vice-President

Harry A. Baker C.E.T.
Technical Director AN INTERNATIONAL REPUTATION FOR EXCELLENCE



- I-

F^tguAe. 1 
Fi.guA.e 2 
Figusie. 3 
FiguAe. 4

FiguAZ 5 
Fi.gu.AZ 6 
FiguAZ 7 
Fi.gu.AZ S 
FiguAz 9 
FiguAZ 10 
FiguAZ 11

TABLE OF CONTENTS

Pagz

SummaAy
0bjzc£i.vzt> RzazoacIi 
IntAoduction
LaboAcrtoAy PAoczduAz ^oa Analy^it,
Static TzAt oh Roohi-ng UatZAlati, 12
Conciu.-6i.on-i and ViACuA-iion oh RziuiXi 14
RzcormzndationA 16
RzhzAznczA IF

LIST OF FIGURES

Snow S-imulatoA 7
Typical Rooh Slopzi Uodzl Simlation 9
Snow Accumulation on Rooh* 10
Fizld ObiZAuationA oh Snow Accumulation 
on \JoaIoua Rooh-s 11
Static Modzti oh VoaIoua Roohlng MatzAiali 13
Rziulti oh Static Tziti IS
RzAulti oh Static Tziti 19
Typical Snow SimulatoA Tzit Rz-iult-i 20
Snow SimulatoA Tzst Rziulti 21
Snow SimulatoA TzAt Rziulti 22
Tzit Rziulti Computing \JaAioui Roohing 
MatZAiali , Rooh Slopzi and Sliding Snow 23

■111
An International Reputation for Excellence

O
n
 -u

. O
o r

o



-2-

SumARV

ThU pAoje.c£ wa* -LnctiaXud to dztQAminz tkz z^e-ct ofi Aooj, 

i>lopu and Aoo^tng matZAtaJU on tkz Aztzntton oa azIzoaz ofi 6ncw.

A Snow SimiatoA oa laboAatoAy tzzh.niquz wcu> iuzd Ioa tkz 

maj'oA paAt o^ tkz azazoacJi and pAovzd to bz z^zcttvz In anaZyt>U> 

o^ rnodzl* 4 zalzd to pAototypz Aoofa.

Static tZAU wzaz u-t>zd to dztZAmlnz 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.

■ ■ ^ 
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OBJECTIVES OF RESEARCH

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

in geneAat, which, retain ok dupeAtc 6now by QKavlXy.

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

ok duApcKbaZ o^ know on Koofa ofi vokIoua 6lopC6 by gKavlty.
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IntnoductLon

F.H. Theak^'ton and A66ocC^-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 snow 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 o{> 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 will 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 dl^lcult to assess since the duration 

ofi the loading Is dl^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. Still others wish to remove snow as quickly as possible to

■111
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dzcAzaAn 4now load on tkz aoo^ QJXhza by gravity oa othza mzan*.

Ome.fit> o^ ■ihl A.Z40/U-6, co-btagz* and kotzl* 4 omztAjnz dz^i/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 Aa^zty AzaAonA. It haA bzzn obAZhvzd that ovzhhanging 

A now 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 will 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 i* a *thiking *imilahXty between the helea*e o{, *now £hom a 

hoo£ 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.

■■'I'V
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Some btUZcUng*, pafUlcuta/ity Agsu.culluA.cLl buildings, have a 

"AaefUng" c^cct oa Mind pACMuAC li applied to the building. Thlt> 

hat a tendency to "ApAlng" 6new face otf the Aootf especially 1$ the 

Aoo^lng mateAlal Is metallic.

While design IntfoAmatlon Is available to architects and engineers 

through several sources It Is not su^lclent to provide builders with 

sound Information regarding proper slopes of roofs for prescribed 

situations and, Indeed, some of the slopes commonly used on houses 

encourage accumulation and subsequent retention which, of course,

Increases the snow load.

A Laboratory Procedure for Analysis

A laboratory procedure which utilizes "The Snow Simulator", (Figure 1) has 

has been most useful In studying slopes and accumulated snow. This 

device has been used for many years and was pioneered by the principal 

researcher In this study. The apparatus uses flowing water to simulate 

wind and silica sand to simulate snow. Models were used In studying 

various slopes of roofs and resulting accumulated snow and point of 

release of snow, it has proved to be effective In this study since 

a large number of units were tested In a relatively short period and 

without the necessity for winter conditions, (Figure 2).

The "Snow Simulator" Is basically an open channel with glass 

sides for observation and measurement purposes. It Is 9.2 m. long,

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

■ID
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FIGURE I
__________________________________ SNOW SIMULATOR
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valoCsUtioA tan 6e uAtd by acU^Zng on. iou)tnU.ng an and gatz.

Tkz modal* ant madt o£ plaxlgla** and aAt 6talzd to give, 

companatlve nemlt* with that prototype*. The model* one ea*lty 

rotated to enable the n.e*eancheA to *tudy the e&iect o^ *nm 

accumulation ^aom varying wind dlnectlon*. Sltlca * and l* Injected 

Into the flowing waten at the filume entrance and fiall* out at the 

model In the *ame mannen. a* In a prototype *ltuatlon. Maximum *now 

accumulation l* Identical to that obtained In prototype condition*. 

Becau*e the model analy*l* l* quite exacting In companl*on with 

phototype* It l* po**lble to *tudy vanlou* noo^ pltche* to determine 

cnltlcal *lope* at which *now l* hetalned on. nelea*ed. Field *tudle* 

wehe made o£ *even.al n.oo£* and valuable In^ohmatlon wa* obtained, 

(Flguhe* 3 & 4). Howeven., due to the penlod In which the *tudy wa* 

made [kpnll to Augu*t] It wa* not po**lble to obtain data ^on. maximum 

*now condition*. It l* hecommended that follow-up fileld *tudle* be 

made In the wlnten. o^ 1984.

An International Reputation for Excellence
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25° 30° 35°

40° 45° 50°

FIGURE 2
TYPICAL ROOF SLOPES 

MODEL SIMULATION
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FIGURE 3
SNOW ACCUMULATION ON ROOFS
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FI6URE 4
FIELD OBSERVATIONS OF SNOW ACCUMULATIONS 

ON VARIOUS ROOFS
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S-totcc Tut o& Ropj-ing Ma£&UaLt>

Thz 6tudy noofanQ matSAlal.6 and thoJji e^ect on KztzntLon 

on. ^tiding o{ 6nou> ujoa mo6t suitably c.aAKi.Q.d oat by aiding mall 

icale. n.ooh t>kap<L6 and actual Kooning matzKial4t [flguAZ 5). Snow, 

which, had a density ofi 0.4 [the. maximum density Kzcomme.nded by the 

National BuHding Code fioa design puKpoAeA) woa ut>ed In the static 

tetU. The Kooning mateAlal6 totted wene thorn mo6t commonly cited 

In Canada and Kanged tfKom mooth to fiough ^Inxthet. They wete plywood, 

pAe-painted 6heet 6teel, pAe-painted 6heet aluminum, asphalt 6hlnglet, 

^IbAeglati,, and cedaA 6hlngle6. The angle ofi the Alope* ofi the Aoofa 

vaAled £Aom 25 degAeet to TO degAeet at 5 degAee InteAvalt .

ObteAvatlonA weae made o£ the Aeactlon by the 6 now at each aoo^ 

iihape and Kooning mateAlal. While thit wot being caAAeld out In the 

laboAatoAy £leld 6tudlet wete being made o^ pAototype Aoofa o£ itmUaA 

Alope* and mateAlalt, [TlguAe 4). Although 6now deposition In 19S3 

was minimal It was possible to do some ^leld analysis and the compaAiton 

between ^leld Aesults and laboAatoAy Aesults was veAy fiavouAable. 

PhotogAaphs weAe taken and some ate Included In the AepoAt. Tables 

showing the Aesults o^ both Snow Simulation studies and Static Tests 

one Included In the AepoAt, [FlguAes 6 to 11).

An International Reputation for Excellence
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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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ConcZuAi.oM> and V'Ucu.-66'Lon ofi Ruult^

Tltti 6tudy ha6 znablzd the. n.eAzaAckzAA to analyte qutakly and 

evidently the z^zct otf tlopzt Aoofa and the Aoofitng matzAtal 

on ttiding tnow. Tklt hat been potttblz, pAtmarUly, by the ate 

the "Snow StnulatoA" which hat been developed by the pnincipal 

tietetiAcheti in thit project.

In pAepaAation o£ ttanda/idt {oa tnow loadt on Aoo^t in vaAiout 

countAiet with paAticuZaA AefieAence to the U.S.S.R. and Canada, 

SchAieveA and Ottavnov ttate "UoAe AeteaAch on the Aelationthip between 

inclination and tnow load £oa vaAiout conditiont it AequiAed befioAe 

much Ae^inement can be developed." The Aetultt o^ the pAoject indicate 

theAe it an oppoAtunity ^oa fiuAtheA invettigation ,pAimaAily in the 

aAea ofi fiield ttudiet ,to tuppoAt the Aetultt oi the model analytit.

The Aetultt oi the pAoject indicate that oAchitectt, engineeAt, 

detigneAt and buildent can put confidence in the model technique 

in planning Aooft of utual oa unutual tlopet .

The ttatic tett of Aoofing mateAialt indicatet that ail Aooft, 

with eitheA tmooth oa Aough tuAfacet, will accumulate tnow on both 

tlopet if the building it encioted by tAeet oa otheA buildingt.

HoweveA, the tnow will tlide tlowly undeA incAeatet of accumulation 

up to an angle of tlope of 30 degAeet. FAom 30 degaeet of tlope to 

50 degAeet of tlope the tnow will accumulate to a maximum depth and 

at the dentity incAeatet it will tuddenly Aeleate timilaA to an 

avalanche. FuAtheA woAk thould be caAAied out to deteAmine the

\M\rr
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pA.ecl6e. damlty at vantouA 6lopz6 though tn thtt> 6tudy the. 

recommended denAtty o^ 0.4 by the N.B.C. 0/04 u6ed tn all coaqa.

From an angle o£ *lope o£ 55 degree* and greater there uia* Little, 

any, retention a* the *now immediately *ltd firom the roofi, 

[Figure* 6 & 7).

The model *tudie* In the "Snow Simulator" permitted the 

re*earcher to *tudy the e^ect o£ varlou* wind direction* relative 

to accumulation area* and retention. Cornering wind* re*ult In 

the greate*t concentration 0^ *now In one location otf the roo^ (on 

the lee*lde) but no matter which orientation ofi wind u*ed a maximum 

accumulation occurred. Thl* wa* either retained or released on the 

*ame ba*l* a* the *tatlc tut and wa* dependent on the degree orf 

*lope and texture o£ the *ur^acef [Figure* 8 to 10),

Six rooming material* were u*ed In the *tudy and, a* may be 

expected, the rough textured mrfiace* retained *now £or longer 

period* up to 50 degree* ofi *lope but In every ca*e there wa* a 

*lmilarity ofi retention or relea*e depending on the *ur^ace and 

*lope, (Figure 77).

An International Reputation for Excellence



-16-

RzcommndcUZoni

It it> Kzc.ormzn.dzd that thib pKojzct bz a gutdz fioK fiutuKZ 

tnvzAttgattonA koo£ 6new tttdz 6tncz tt can bz caKKtzd oat tn 

thz taboKatoKy.

Hcmzvzk, coKKoboKatton should bz obtalnzd by ^tztd anatyAtA 

undzK uitntZK condtttonA. Thz KZAzaAckzKA havz aVizady ZAtabttAhzd 

a baAZ £ ok ^tzld analyAtA.

Somz cIoazk mzaAuKzmzntA o{ dznAtty Ahoatd bz madz tn thz ^Izld 

and compaKtAon madz ivtth tnttlation otf a tiding ok avalanchz ^Zcw.

RzApzct^alty Aubmittzd,

F.H. ThzakAton, P. Eng.
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ROOF
SLOPE
(PITCH)

SMOOTH
FINISH

ROUSH
FINISH

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) SI SI

60° (3/4) SI SI

70° (1 1/2) SI SI

KEY:

A — AVALANCHES 
NS— DOES NOT SLIDE 

SI—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
SLOPE

(PITCH)

SMOOTH
FINISH

ROUGH
FINISH

25° (1/4) A A

30° (1/3) A A

35° (1/3) A A

40° (5/12) MA M A

45° (1/2) MA MA

50° (3/5) M A MA

55° (3/4) NA NA

60° (3/4) N A NA

70° ( 1 1/2) NA NA

KEY’

A ACCUMULATION 
NA— NO ACCUMULATION 

MA —MINIMAL ACCUMULATION

FIGURE 7
RESULTS OF STATIC TESTS 

COMPARISON OF ROOF SLOPE, ROOF FINISH
------------------------------------------------ANP. ACCUMULATION-OF SNOW______
An International Reputation for Excellence



-20-

TYPICAL ACCUMULATION FOR 40of45° 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
SLOPE

(PITCH)

SMOOTH FINISH ROUGH FINISH

0°

0to 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) SI s s S 1 S 1 SS SS

55° (3/4) SI SS SI SI SS SS

60° (3/4) S 1 SI S 1 SI SS SS

70° (1 1/2) SI SI SI S 1 Si SI

KEY :

A — AVALANCHES 
NS- DOES NOT SLIDE 

SI —SLIDES IMMEDIATELY 

SS— SLIDES SLOWLY

* WIND DIRECTION

it

plan

FIGURE 9
SNOW SIMULATOR TEST RESULTS

COMPARISON OF ROOF SLOPE. ROOF FINISH 
SLIDING OF SNOW AND WIND DIRECTION
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WIND DIRECTION *

ROOF
SMOOTH FINISH ROUGH FINISH

SLOPE
(PITCH) 0°

0to 90° 0° 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

55° (3/4) MA MA MA MA MA MA

0OC
O (3/4) NA NA NA MA MA MA

0O
(1 1/2) NA NA NA NA NA NA

KEYr

A - ACCUMULATION 
NA— NO ACCUMULATION

MA—MINIMAL ACCUMULATION

* WIND DIRECTION

pla n

FIGURE 10
SNOW SIMULATOR TEST RESULTS 

COMPARISON OF ROOF SLOPE, ROOF FINISH 
______________________ ACCUMULATION OF SNOW AND WIND DIRFCTIOM
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ROOF
SLOPE

(PITCH)

FI
B

R
EG

LA
SS

A
SP

H
A

LT
 SH

IN
G

LE
S

PA
IN

TE
D

 ST
EE

L

C
ED

A
R

 SH
IN

G
LE

S

PA
IN

TE
D

 PL
YW

O
O

D

PA
IN

TE
D

 A
LU

M
IN

U
M

25° (1/4) SS NS SS NS NS SS

30° (1/3) SS NS SS NS SS SS

35° (1/3) SS NS SS NS SS SS

40° (5/12) SI NS SS • NS SS SS

45° (1/2) SI NS SS NS SS SS

50° (3/5) SI NS SS NS SI SI

55° (3/4) SI SS Si SS SI SI

60° (3/4) SI SS SI SI SI SI

70° (11/2) SI SI SI Si SI SI

KEY!
NS— does not slide

si—SLIDES IMMEDIATELY 

SS—SLIDES SLOWLY

FIGURE II
TEST RESULTS COMPARING VARIOUS ROOFING MATERIALS 

______________________ ROOF SLOPE AND SLIDING OF SNOW_________ _
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