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Foreword

ISO—the—nternationat—Orgamization—for—Stamndardization)—s
federation of national standards bodies (ISO member bogdies
preparing International Standards is normally carriedyout
technical committees. Each member body interested-in~a sul
a technical committee has been established has the right to b
on that committee. International organizations, Jgovernmer
governmental, in liaison with 1SO, alsotake part in th
collaborates closely with the Internatiopal-Electrotechnica
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical co

ISO 4355:1998(E)

a worldwide
. The work of
through 1SO
ject for which
e represented
tal and non-
e work. 1SO
Commission

mmittees are

circulated to the member bodies fer voting. Publication as anf International

Standard requires approval by at least 75 % of the member K
a vote.

International Standard\ISO 4355 was prepared by Technic
ISO/TC 98, Bases.for design of structures, Subcommittee
forces and othef-actions.

This second‘edition cancels and replaces the first edition (IS
which has;been technically revised.

The first edition was based on knowledge available up to 197

Snow loads specified in the first edition were mainly based or]
of experience and national standards. Consequently, the s

odies casting

al Committee
SC 3, Loads,

D 4355:1981),

~I

a wide range
becified snow

loads in some cases were rather high in order to be on the safe side. In this

second edition, later investigations (e.g. field measureme
theoretical and statistical analyses) have also been taken ir
order to improve the level of accuracy and to extend th
standardized specifications of snow loads.

Although this second edition has more detailed specification
a need for judgement by experts in practical snow load desig

nts, physical,
to account in
e domain of

5, there is still
h as the data-

base is still very limited for many types of roof.

In national design standards for loads, load coefficients are normally used
to take into account the uncertainty in calculated design load values.

Annexes A to F of this International Standard are for informati

on only.
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Introduction

The intensity
functions of
heat flow thro|
some of thes
Standard it w

The characte
ground which
Standard def

limate, topography, shape of building, roof surface material,
gh the roof, and time. Only limited and local data describing
functions are available. Consequently, for this International
s decided to treat the problem in a semi-probabilistic way.

ristic snow load on a roof area, or any other area above
is subject to snow accumulation, is in this International
ned as the product of the characteristic snow load on the

ground, s, specified for the region considered, and a shape coefficient u

which is defi
parameters a

hed as a product function, in which the various physical
e introduced as nominal coefficients.

The shape coefficients will depend on climate, especially the duration of

the snow sed
surrounding K
snow may be
flow into local

The format f
Standard con
first edition (i
text) for the

ison, wind, local topography, geometry of the building and
uildings, roof surface material, building insulation; etc. The
redistributed as a result of wind action; melted-water may
areas and refreeze; snow may slide or may be'fémoved.

br the snow load on roofs presented inthis International
ains a number of additional parameters;as compared with the
h which such additional parameters-were discussed in the
lesigner to decide upon. In essence, however, the general

format has ngt been changed. The effect«of exposure may, with the new

format, be tre
slope of thg

hted in a more elaborate way than earlier. A variation with the
roof is introduced in_order to improve the physical

representation and to make the_format easily applicable to computer

interpretation.

In order to &
establish mal
distribution of
treatment of n

pply this International Standard, each country will have to
ps and/or ‘other information concerning the geographical
ground show load in that country. Procedures for a statistical
heteorological data are described in annex A.
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Bases

for design of structures — Determination of snow

loads on roofs

1 Scops

This International Standard specifies methods for the determination of snow load gh00fs.

It will serve
National cg

The shape
be directly

For examir
dealt with |
tunnel espe

The annex
thermal co

documentation and available scientific results.

In some re
account by

Specificatig
Standard.

2 Defini

as a basis for the development of national codes for the determinatioh of snow load on roo
des should supply statistical data of the ground snow load inthe’form of zone maps, tables

coefficients presented in this International Standard are. prepared for design application,
hdopted for use in national codes, unless justificationfar other values is available.

ing the effect of the wind on the distribution of;show loads on roofs of unusual shapes
h this International Standard or in national standards, suitable models (e.g. tests carried
cially equipped for reproducing accumulation phenomena) may give significant results.

bs describing methods for determining.the characteristic snow load on the ground, exposu
pfficient and loads on snow fence§ are for information only as a consequence of the limi
pgions, single winters with-unusual weather conditions may cause severe load conditions

this International Standard:

n of standard precedures and instrumentation for measurements is not dealt with in this

ions

fs.
or formulae.

and may thus

br shapes not
out in a wind

re coefficient,
ed amount of

not taken into

5 International

For the pur

2.1

£l 1ot 4 [ =y ! () £l H (P ] 1
USTS U UHS TMETTaturidal otariudaru, tre TOnowintyg UcTitimiuris apgpty.

characteristic snow load on the ground

S0

load with accepted probability of not being exceeded during some reference period, T, years

NOTE 1 Itis expressed in kilonewtons per square metre (KN/m2).

NOTE 2 In

meteorology the term “weight of the ground snow cover” is also used.
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2.2

value of snow load on roofs

s
product of the

characteristic snow load on the ground and an appropriate nominal shape coefficient

©1SO

NOTE 1 The value of sis also dependent on the exposure of the roof and the thermal characteristics of the building.

NOTE 2

It refers to a horizontal projection of the area of the roof.

NOTE 3 It is expressed in kilonewtons per square metre (kN/m?2).

nominal shape coefficient

2.3

L

shape coeffic
NOTE Itis din
2.4

slope reductig
Uy

coefficient de
coefficient
2.5

drift load coef
Hd

coefficient wh
a roof, depen

2.6
slide load coe

Hs
coefficient def

2.7

ent with primary dependence on the geometry of the roof, in particular the roof slope

hensionless.

n coefficient

ining the reduction of the snow load on the roof due to a slope of the\roof, 3, and the surfg

ficient

ch, multiplied by uy,, defines the amount and distribution of additional load on a leeward sid
ling on the exposure of the roof and the geometrical configurations of the roof

fficient

ining the amount and distribution of the slide load on a lower part of a roof, or a lower level

exposure rediiction coefficient

Ce
coefficient de
snow load on

NOTE 1 The
the temperatur

NOTE 2 Itis g

ining the balanced.load on a flat horizontal roof of a cold building, as a fraction of the cH
the ground

pxposure coeffiient includes the effect of snow being removed from flat roofs by wind. This effect
b and the ¢orresponding wind of the region.

imensionless.

ce material

e or part of

roof

aracteristic

depends on

2.8

thermal reduction coefficient

coefficient defining the reduction of the snow load on the roof as a function of the heat flux through the roof, causing

snow melting

NOTE

2.9

It is dimensionless.

surface material coefficient

Cm

coefficient defining a reduction of the snow load on roofs made of surface materials with low surface roughness
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3 Snow

ISO 4355:1998(E)

load on roofs

3.1 General function describing intensity and distribution of the snow load on roofs

Formally, the snow load on roofs may be defined as a function, F, of several parameters. Thus

s=F (so, Ce: Ct, Crn, py Mai» Hs)

where the symbols are as defined in clause 2.

. (1)

Since the functional form and relative dependence of the various parameters of the function F of equation (1) are
not documented yet, the determination of snow load on roofs must be obtained through approximations of the
function F of equation (1).

While Cg, ¢; and C,,, are assumed constant for a roof or a roof surface, uy, ug and ug will generallyyvary throughout
the roof.
3.2 Apprpximate formats for the determination of the snow load on roofs
The assumpption that the snow load on the roof will be proportional to the characterjstie¢’snow load on the ground has
led to the widely used format:

s=so it (Ce Gt Gy Hpy My Hs) = So - (2)
NOTE For palues of C, different from unity, C; is defined as a function alsoof 5. This is due to the lack of datg for short-term
snowfall intgnsity. Moreover, in cases when the g and ug coefficients are.dependent on the amount of snow on a higher level

roof, these d@

The functid
illustrations

oefficients are defined as functions of ;. This is also the case when geometrical edge values are deg

ns u of equation (2) depend on a number of parameters, and require extensive sped
for various kinds of roof configurations, roof exposure, roof temperature, roof material, etc.

This Interngtional Standard defines the snow load on. the roof as the sum of a balanced load, s,, a drif

fined.

ifications and

[ load part, s,

and a slide|load part, s5. Thus, for the most unfavourable condition (lower roof on leeward side):
S=%H 4t )
Effects of the various parameters are simgplified by the introduction of product functions. Thus,
S = Sofe Ct o - (4)
i = Sobe Ct M Hd - (5)
Ss = So[Ce G lis .. (6)
The balanced load, s5;\is uniformly distributed in all cases, except for curved roofs, where the distribution varies with
the slope f[(see 5:4.575).
The balanged-load defines the load on a horizontal roof, and the load on the windward side of a pitchpd roof. Since
any directign“may be the wind direction, the balanced load is treated as a symmetrical load on a symmetrical roof,

thus defining a major part of the total load on the leeward side as well.

The drift load is the additional load that may accumulate on the leeward side due to drifting.

The slide load is the load that can slide from an upper roof onto a lower roof, or a lower part of a roof.

3.3 Partial loading due to melting, sliding, snow redistribution and snow removal

A load case corresponding to severe imbalances resulting from snow removal, redistribution, sliding, melting, etc.
(e.g. zero snow load on specific parts of the roof) should always be considered.

Such considerations are important for structures which are sensitive to the form of the load distribution (e.g. curved
roofs, arches, domes or other structures).
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4 Characteristic snow load on the ground

The character

istic snow load on the ground, s,, is determined by statistical treatment of snow data.

Snow load measurements on the ground should be taken in a well-sheltered area.

©1SO

Methods for the determination of the characteristic snow load on the ground, s,, are described in annex A.

For practical application, the characteristic snow load on the ground will be defined in standard step values, which
will yield basic values for the preparation of zone maps as described in annex A.

5 Snow lo

5.1 Exposy

The exposur
temperature.

Methods for the determination of C, are given in annex B.

For regions W
However, the
season might

5.2 Therms
The thermal
thermal trans

such cases C

Bases for the

ad coefficients

re coefficient

a)

coefficient, Co (see 2.7), depends on the topography, the intensity of,Winter win

here there are not sufficient winter climatological data available, it.is recommended to s
designer should always assess whether calm weather condijtions (i.e. Co =1,0) during t
yield more severe conditions for the structure.

| coefficient

coefficient, C; (see 2.8), is introduced to account\for the reduction of snow load on roof
Mittance, in particular glass-covered roofs, from melting caused by heat loss through th
may take values less than unity. For all othercases, C; = 1,0 applies.

determination of C; are the thermal transmittance of the roof, U, and the lowest temperatu

expected for

NOTE The infensity of snowfall for short periods, approximately 1 to 5 days, is often a more relevant paramete
roofs with congiderable heat loss, since the mielting is too rapid to allow accumulation throughout the winter. S
however, is available, it has been used with.the/ modifications given in annex D.

Methods for thhe determination of C; for roofs with high thermal transmittance are described in annex D.

5.3 Surfacq

The amount d
5.4.2.

The surface

e space under the roof, and the snew-oad on the ground, s,.

material coefficient

material coefficient, C,, (see 2.9), is defined to vary between unity and 1,333, and takeg

i, and the

bt Co = 0,8.
he snowfall

s with high

e roof. For

e, 6, to be

r than s for
nce only ,

f snow whieh slides off the roof will, to some extent, depend on the surface material of the foofing; see

s the fixed

values:

Cm=1,333 for slippery, unobstructed surfaces for which the thermal coefficient C; < 0,9%) (e.g. glass roofs);

for slippery, unobstructed surfaces for which the thermal coefficient C; > 0,91 (e.g.
over partially climatic conditioned space, metal roofs, etc.);

corresponds to all other surfaces.

Ch=12
Ch=10
1) Ch,=12co

uld also be applied for C; < 0,9 if this is assumed to be more reasonable.

glass roofs


https://standardsiso.com/api/?name=a097230eddbad07bf9a7945572d1d642

©1SO

ISO 4355:1998(E)

5.4 Shape coefficients

5.4.1 General principles

The shape coefficients define distribution of the snow load over a cross-section of the building complex, and depend
primarily on the geometrical properties of the roof.

For buildings of rectangular plan form, the distribution of the snow load in the direction parallel to the eaves is
assumed to be uniform, corresponding to an assumed wind direction normal to the eaves.

The shape coefficients presented for selected types of roof are illustrated for one specific wind direction. Since
prevailing wind directions may not correspond to the wind directions during heavy snow falls, all roofs should be

designed fq

For monop
to correspo

NOTE The
physically Ig
the fact that

Figures 1t

[eﬂh

1,2
11

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

") (H' Yy | . (] H £l 1 (H e o) £ )
e CUTTUTUUTT Uat uic Wit uuring Stiovw Talr Tfiay Tiave ally UlTTCUUTT WILIT TTTTTTTILTE U 1T 1

tch roofs and multispan roofs consisting of parallel monopitch roofs, a drift load part has-be
nd to half the additional load on a pitched roof.

subdivision of the shape coefficients into balanced load, drift load and slide load coefficients
pical in all cases (e.g. multiple pitched roofs). However, the system has been applied*for all roof sh
the most unfavourable load conditions are taken care of by this subdivision.

D 4 are included to illustrate the function variations.

of location.

PN assumed

may not seem
apes in view of

TS
\\ C,=10
N
NN
\(m =12
N\ AN
€, =1333 \ \ \
\ \

Figure 1 — Cguy, values for defined values of C,, with C,=1,0
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Figure 2 — Cg(uy + 1y Hg) values for defined C, values with, C, = 1,0
2
A [ 10
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Figure 3 — C.(uy + uy, uy) values for defined C, values with C,, =12
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fficient, C,, is

. (7)

pitched roofs

s
3 12
£ C.-10
S S
0.9 — L .02 _— T~
0,8 ‘/ — \\
0.7 7{ 08— \\
0.6 o —T \\\
0.5 - \\\
SN\
NN
U,3 ‘\\
0,2
0
0 20 40 60
7 (%)
Figure 4 — Cq(up + Up Ug) Values for defined  Cg values withvC,,, = 1,333
5.4.2 Slope reduction coefficient
The reductjon of the snow load on the roof due to the slope, ,*0f the roof and the surface material cog
defined by fhe shape coefficient, u, (see 2.4), which is givenby the function:
Up =4[c0S(Cy 1,5 B) (for G 1,5 B <90°)
Up =Q (for C,1,5 B = 90°)
For roofs with snow rails or obstructions_preventing the snow from sliding off, u, =1,0. For multiple
and inner bays of multispan roofs, sliding may lead to redistribution of the snow load.

5.4.3 Dirift

load coefficient

The geometrical influence ef the shape on the drift load accumulating on the leeward side of a g

defined by

Hy Hg F

Hy Hg F

the shape coefficient uy, 1y, which for a roof with roof angle f is defined by the function:
Up(2:2€¢ — 2,1Cg2) sin(3p) (for 0° < B < 60°)

0Z(for B> 60°)

itched roof is

.. (8)

Equation (8) includes the effects of loss of snow being blown away from the roof by wind, and is scaled to yield total

loads corre

sponding to measured loads on ordinary pitched roofs.

NOTE The form of the drift load coefficient ensures that a certain drift load part must always be checked even for regions with
very calm weather; i.e. C; = 1,0.

5.4.4 Slide load coefficient

Slide load from an upper part of a roof onto a lower part of a roof, or onto a lower roof of a multilevel roof, will

depend on

the amount of snow that may slide down, and on the geometrical configuration of the roof.
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The distribution of the slide load and the spreading out of the load will, in addition to the geometrical shape of the
roof, depend on the properties of the sliding snow and on the friction on the upper roof from which the snow is
sliding.

The slide load magnitude and distribution is incorporated in the shape coefficient ug.
An approximate slide load model is presented in 5.4.5.6, in which the slide load distribution is assumed to be linear,
where it is assumed that 50 % of the maximum load on the upper roof will slide down (and that the coefficient of

friction of the upper roof is zero) and that snow will slide from the top of the upper roof.

The impact loading on multilevel roofs due to slide load should be considered.

5.4.5 Snow lpad distribution on selected types of roof

NOTE A discyssion of 5 is given in clause 4, and Cg, C; and C,,, are discussed in 5.1, 5.2 and 5.3 respectjvely.
5.4.5.1 Simple pitched roofs (positive roof slope)

See figure 5] For asymmetrical simple pitched roofs, each side of the roof shall be, treated as one-half of a

corresponding symmetrical roof.

1 Windward side: s=s
. Leeward side: s=g+ g

Balanced load part
S = S0CeCt Up

I Up =+/€08(Cr 1,5 B) (for G, 1,5 B <90°)

Up =0 (for C,1,5 B> 90°)

Drifted load part
S = SoCeCilp Ha)

Ug = (2,2Ce — 2,1Cg2) sin(3P) (for B < 60°)
Lo Ug=0 (for B >60°)

Key
1 Wind direction
Figure 5 — Snow load distribution on a simple pitched roof
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5.4.5.2 Simple flat and monopitched roofs

See figure 6.

1 Leeward slope situation: s= s, + &

Balanced load part
S = $0CeCt up

Uy =,/cos(Cpn1,58) (for Gy1,5 B<90°)
Up =0 (for €31,5 B> 90°)

Drifted load part 2

Sd = S0CeCt 0,5(up ug)
Ug = (2,2 Ce — 2,1C¢2) sin(3pB) (for B < 60°)
£0.5 Ay ug =0 (for B> 60°)

Key
1 Wind direftion

a) 50 % of the drift load for corfesponding simple pitched roof.

Figure 6 — Snow load distribution on a monopitched roof
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5.4.5.3 Simple or multipitched roofs, and hanging roofs (inner bay negative roof slope)

See figure 7. For hanging roofs of circular or oval plan form, the u values for the basic and sliding load may be
considered as load values along a chorde, whereas the drift load may be assumed to refer to the wind direction

chord.

N~

Windward side: s=g,
Leeward side: S=%+ 5y
Slide distributed: s=g,+ 53+ S

J Hp1H g1

Hs

Key
1 Wind d

NOTE 1

irection

Fof ‘'shape coefficient, see figure 8.

NOTE 2

S=/; or B,

Balanced load part
% =5CeCt up

Uy =4+/c0s(Cn1,58) (forG,1,58 <90°)

Uy =0 (for C, 1,58 90°)

Drifted load\part

sa = S0CeCi(tp M)

Ug = (22Ce — 2,1C¢2) sin(3p) (for B < 60°)
Ug=0 (for B = 60°)

Sliding load part (redistributed) &)
Ss = 59CeCt s

s =2,0 [1 - tp1) (1 + pgr) Ip + (L — pp) 12)/(11 + 1) 8
us =2 (for Cy 1,58 = 90°) ©)

a) The slide load part may partly be redistributed snow and partly drifted snow.

b) Forly=lyand f; = Bt pis = (1 — pp) (2 + ug)
¢) Since snow cannot slide away from the roof.

10

Figure 7 — Snow load distribution for a multipitched roof

~
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5.4.5.4 Two-span or multispan roofs

See figure 8.

ISO 4355:1998(E)

Windward side: s=g,
Leeward side: S=%H+ Yy
Slide distributed: s=g,+ 4+ S

Hy

$O5 HoHd

Hs

Key
1 Wind direftion

a) 50 % of the drift load for corresponding simple pitched roof.
b) The slidg load part may partly be redistributed snow and partly drifted snow.

c) Since snpw cannot slide‘away from roof.

Figure 8 — Snow distribution load for a multispan roof

Doiatrrce oot

S = $0CeCt tp

Up =4/c0S(Cy 1,508) (for Gy, 1,58 <90°)

Up =0 (for Cm 1,58 > 90°)

Drifted load part 2
sd = S0CeCt (0,5up Hq)

Ug = (2,2Ce — 2,1C¢2) siri(3p) (for B < 60°)
ug =0 (for B> 60°)

Sliding loadpart (redistributed) b)
Ss = S0CeCt s

L= [1— cos(Cr, 1,5[3)] [2+(22C - 21G2) sin(3p
1s = 2 (for Cyy 1,58 = 90°) ©)

——

11
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5.4.5.5 Simple curved roofs, pointed arches and domes
See figure 9.

For domes of circular plan form, an axially symmetrical balanced load may be given as the corresponding balanced
arch load. The drift load may likewise be given by the corresponding arch drift load, along the plan diameter being
parallel to the wind direction multiplied by a reduction factor (1 - a/r) where r is the plan radius and a is the
horizontal distance from the wind direction diameter to any parallel plan chord. However, for large domes it is
recommended to perform wind tunnel tests.

According to 3.3, partial loading should always be considered. For arches it is recommended, unless more
unfavourable conditions are foreseen, to consider half of the balanced load on the windward side as a moveable
part of the totaHead-

1 Windward side: s=g,

[ Leeward side: s=g,+&
AN
N\

AN

Balanced {oad part

S = 9CGeCt Uy
U= 4/cos(Cn1,58) (for G,1,58 <90°)
Ho Uy =0 (for C1,58>90°)

Drifted load part
Sd = S0CeCiltp Ha)

Ug =(2,2Ce — 2,1Co2) sin(3P) (for < 60°)

ug =0 (for B> 60°)
Key

1 Wind direction
Figure 9 — Snow load distribution on a curved roof

12
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5.4.5.6 Multilevel roofs (Lower roof with slope f3)

For lower roofs with slopes normal to the cross-section of figure 10, the basic load is determined from figures 5
to 9. The total drift load is equal to the load reduction on the upper roof due to exposure, i.e. 5 (1-0,95C)l1.
Alternative formulae for iy are described in annex C.

If 14 > 15, the trapezoidal form of figure 10 applies. If I > |5, the trapezoidal form of figure 10 applies.

Windward side: s=g,
Leeward side: s=g,+g
Slide: S=5

L RN

Balanced load part
So = S0CeCt U

Up = +/€0S(Cn1,58)) (for 0° <G, 1,58, < 90°)
up =1,0 (for B <0)?
Up =0 (for Cy,1,58:>.90°)

Drifting load part
S = S0CeCilitp Ma)

1.73/0,5(1- 0,95Ce) (hpg/ %)

17 <10 m, I; = 10 m applies.
[fl; <0,5 15, |1 shall be replaced by 0,5 I>.

Up Hd < (p9/CeCt s0) h —

where |4, h are in metres, g is in kKN/m2, pg (p is the
density of the snow and g is acceleration due to gray
is in KN/m3, and may be set to 3,0 kN/m3

Key
1 Wind direction

a) Sloping towards taller part of building.
b) Impact effects shall be considered.

HpHg
lg =4 (Upita)(so/PQ)
. lg<15m
d
Sliding load part
Ss = S0CeCt Uplls
us = (hy/ls tanf3,,) ©)
Us < (pdCeCt sp)h — tp Hg
s ls = 2h, cospy B/(h/h) + 7 - 1

p = sinf, —tanf, cos B,
For h < 3 (sp/pQg): us = 1,0

Figure 10 — Snow load distribution on a multilevel roof

ity)
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For multilevel flat roofs, the drifting load part, sy, is shown in figures 11 to 13.

14

NE
2 6
J;:' so - 4/5 //
5 =35
/ L So=25
A el ’/
4// S,=15 [
3 = = —
?/// //50 =10 ———
5 A///// |
T [sezo0s]
1 — /
0
10 20 30 40 50 60 70 80 90 100

Figure 11 — Drifting load part,

12

54, kN/m?

10

S, for multilevel flat roofs with

{4, m

Ci=1,0and Ce=1,0

Se=h5|_—
- So=35 _——
///
/////50 _ 1’5 ///
~ _— | |So=10]
—
; — — |
//
10 20 30 40 50 60 70 80 90 100

{4y, m

Figure 12 — Drifting load part,

s, for multilevel flat roofs with

Ci=1,0and C,=0,8
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NE
~
Z 10
w 9 ]
Sp=45_—"]
s | _—"1S0=35 —"]
7 —
/ So - 2’5/
6 -
: ,/// — So=15] _—
Sy =10
L ,///// —| .
3 // /// SO =05
/ [
2 —
/
1
0
0 10 20 30 40 50 60 70 80 90 100

{4, m

Figure 13 — Drifting load part, sy, for multilevel flat roofs with  €=1,0 and C,=0,5

5.4.5.7 Additional drift load and sliding load accumulated on ground or_én)lower level roof, acting against
the upper grch or pitched roof

See figure [L4.

A lower leyel roof should be checked for the sliding load as ‘an alternative load case as compared|with the load
cases of 5.#1.5.6. Impact effects shall be considered.

s=59 (Ug + }p)

On ground: |up = 1,0
hy

A L m ha = aso/(p) (g = 3,0)
hy = upso/(p)
lg = 6s0/(pg
where

So isin kN/m2,
g is in kNI/m3.

s=59 (Ug + fip)

2 L m On ground: jup = 1,0

hg = aso/(p9) (g = 3,0)
hp = 1pSo/(p9)

lg = 6s0/(pQ)

where

S isin kN/m2,
pg is in KN/m3.

Figure 14 — Additional drift load and sliding load acting on upper arch or pitched roof
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5.4.5.8 Pointed arches
See figure 15.

Depending on the size of the roof slope at the peak, S, pointed arches are treated as pitched roofs or as arches as
follows:

Bt = 15°: use figure 5 for pitched roofs;
B < 15°: use figure 9 for arches.

P
e

Figure 15 — Pointed arch
5.4.5.9 Roofp with local projections and obstructions
See figure 16

For obstructigns on roofs, drift loads will often occur on both sides of the obstruction irrespective ¢f the wind
direction. Thefefore an unbalanced drift situation is not shown.

Balanced load part

S = 0CeCt up
Mp=1,0

Drifted load part
S = S0CeCt g
Hd = pgh/CiCe — up < 1,5

lg = 411450CeCt /(p9)
S5m=<lg=<15m

where

his in metres,
So is in kN/m2,
pg s in KN/m3,

Figure 16 — Snow load distribution for a roof with local projections and obstructions
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Annex A
(informative)

Methods for determination of the characteristic snow load on the ground

A.1 Snow zones and maps

The characteristic snow load on the ground, sy, preferably with a return period of 50 years?2), should be available in
national standards.

NOTE1l A
Due to the
related to 4
since a spe

Investigatig
influence th

NOTE 2 In
carried out g

A subdivis
Recommer

0,25 -

A.2 Use
To determi
basis of re
observatior

Preferably,
scarce, ava

A.2.1 Sn
In the USA

S50 =1

eturn period is the average interval, in years, between events which equal or exceed a given magni
hature of the variation of snow load, a snow zone mapping with basic values throughoeut th
| fixed altitude, is preferred rather than a continuous field with isolines. This appreach is

cific snow load variation with altitude can often be developed within climatologically defined

ns have shown that near the coasts, not only the altitude but also the-distance from t
e snow load.

the USA and Canada, important studies on defining the characteristic.snow load on the ground havi
nd are discussed in references [1] and [2].

on of a country into zones of basic s values should*be constructed in a logical
ded interval values, in kilopascals, are:

05-0,75-10-15-20-25-3,5-4,5..

of basic meteorological data
he ), a sequence of maximum yearly snow loads is used. This parameter can be dete
procedure should be in accordance with WMO recommendations [3].

snow courses with records of water equivalents should be used. However, if water equiv
ilable data on snow@epth can be used.

pw load relatedto snow depth
[4] the follewing relationship between snow load and snow depth is used:

94 (ds) 133

ude.

b zones, often
ecommended
zones.

he coast may

P recently been

set of steps.

mined on the

cordings of water equivalents, snow depths, precipitation, etc. Snow sampling equipent and the

alent data are

. (A1)

where

S50

dso

is the snow load (kPa) on the ground with a return period of 50 years;

is the snow depth (m) on the ground with a return period of 50 years.

Equation (A.1) takes into account that the maximum ground load does not necessarily occur on the same day as
the maximum ground snow depth.

2) When more appropriate, a return period greater than 50 years can apply.
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A.2.2 Density of snow

The average density of snow layer is still an important parameter for determining snow load, since the snow depth
at many stations has more recordings than the water equivalent at many stations.

When determining annual maximum snow load by means of snow depth and density, it should be considered that
these two parameters usually have a significant positive correlation before the occurrence of a year's snow depth
maximum, and negative afterwards.

In the USSR [5] the following expression has been proposed:

p=(90+130/d)(15+017IT)(1+01V) .. (A2)

where
p is thé snow density (kg/m3);
d isthe¢ snow depth (m);
T is the average temperature (°C) over the period of snow accumulation (assumed'to be not below — 25 °C);
v is thg average wind speed (m/s) over the same period.

Another formyla derived from empirical investigations in Japan is:
p=A+d+B .. (A.3)

where
p is thé snow density (kg/m3);
d isthe¢ snow depth (m);

A and B are constants influenced by the mean.témperature of the snow zone during the accumulatiop season.

A.2.4 Snow intensities for short peripds*of time

For roofs withl high values of heat loss, the snow fall intensity for short periods of time, 24 h or even shofter, can be
of particular interest of design.

Normally, only recordings from,various kinds of rain gauges can be obtained for this purpose. Such data on snow
fall should nejer be used without corrections. The data must be corrected for errors caused by wind effects at the
gauge. Reconmendations~on such adjustments of the data, based on observations in Nordic codntries, are
available in rgference {6]

A.3 Statistical tTreaiment of basic data

When applying statistical methods to basic snow measurement data, is should generally be noted that the regional
significance of such data are highly dependent on the method of observation and the sheltering of the observation
area. Whether or not a meteorological station typifies a region must therefore be carefully considered in snow load
calculations.

A.3.1 Statistical distributions

Unless analyses of the data indicate otherwise, it is recommended that either the Lognormal or the Gumbel
distribution Type 1 be used as distribution curve for annual maximum snow load.

NOTE Statistical literature on extreme values, for example references [7], [8] and [9], is recommended.
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In regions with few measurements, mean and variance (parameters of the distributions) can often be calculated
from regression models. It will be advantageous, under these circumstances, to consider only one distribution

throughout

the whole climatic region.

In regions not having snow every year, a mixed probability function formed by climatological series of zero and non-
zero snow load values can be constructed. Such methods have been developed for the Lognormal distribution [10].

A.3.2 Possible climatic dependence in choice of distribution

Research indicates that the best fit of local data to the Lognormal or the Type 1 distribution is governed by certain
climatic conditions of the region [2].

If detailed
annual ext
be selecte
distribution

The conser
Type 1 is
period load

The standard error of estimate for the return period considered can b€, used comparing differe

estimation

Often the return period considered is greater than the number of maximum snow load recordings

degree of
extrapolate
the decisio

nalyses comparing different distributions are not available, it is recommended that incrg
eme snow load resulting from accumulation during a long part of the winter season,-the |
. In other regions with extreme load as a result of only one, or a few, snowfalls, t
applies.

vatism of the two distributions depends on the magnitude of the coefficient ofvariation, i.e.
more conservative, and for high values Lognormal is most conservative when calculatir
S.

methods.

goodness of fit for a theoretical distribution to the sample data cannot always be rg
d values corresponding to long return periods. It is reCcommended also to consider climatig
N making.

gions with an
'ype 1 should
ne Lognormal

for low values
g long return

nt parameter

hvailable. The
lied upon for
conditions in

19


https://standardsiso.com/api/?name=a097230eddbad07bf9a7945572d1d642

ISO 4355:1998(E)

Annex B
(informative)

Determination of the exposure coefficient

B.1 General

©1SO

The exposure coefficient, Cg, is a general coefficient reflecting the effect of snow removal at a roof location
independent of the roof shape. The definition of Cg is given in 2.7.

In this annex
temperature (¢

The effect fro local topography is determined from B.3.

Wind during 4

snow load on the ground. However, the local maximum of a non-uniform snow load ‘caused by w
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Strong wind, i
the roof. This
threshold win
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studies in this
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are described
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provide a gen
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speed as the
old snow de
accompanied
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. Ce is determined as described in B.5, after the characteristics of the regional winte
limates have been considered. These characteristics are outlined under B.2 and B4, r{

snow fall may cause a reduction in the uniformly distributed snow load on a roof as comg
higher than the ground load.

n the absence of snow fall, may also cause a uniform decrease or aredistribution of existi
is highly dependent on the air temperature and the temperaturehistory of the snow layer
H speed, no transport occurs. This threshold wind speed increases with the air temperat
bs between snow particles are observed to increase with the temperature.

scribed effects are well known both from observations and analytical studies. Importa
field are described in reference [11], and analyses«of observation projects concerning snd
b been carried out by several researchers (see references [12] to [14]). Water flume studie
in reference [15], and wind tunnel studies in references [16] and [17].

alues of the main variables involved in drifting are not yet available to such an extent th

buld be regarded as nominal. Althaugh the range of C is 0,5 to 1,0, only C¢ = 1,0, 0,8, 0,6
sequence of the limited accuracy inthe practical determination of Cs.

wind climate

fuency of wind speed above a threshold value (10 m/s) is used rather than the monthly m
main parameter for drifting. This is due to the fact that the effectiveness of drifting of both
bends on thel occurrence of relatively strong wind during snow falls, and snow fallg
by strong winds.
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Table B.1 — Winter wind categories

Average monthly number of days, N, with occurrence of

10 min aver age wind speed exceeding 10 m/s Winter wind category

N<1 |

1=<N=<10 Il

N> 10 1]
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Data on wind frequency are available for meteorological stations recording the wind speed in open terrain 10 m
above ground level.

B.3 Local topography

If the local topography at a site indicates a significantly lower wind speed than that recorded by the most
representative nearby meteorological station, a change in category under B.2 shall be considered as follows.

When the recorded wind frequency is within the lowest half of the interval defined by the range of Category Il given
from table B.1, Category | applies. For frequencies between 10 and 15 for Category Ill, Category Il applies.

B.4 Win

In regions

falls are ac
€COMmMmon V3
practical re]
this parame

The month

ter temperature climate

Table B.2 — Winter temperature categories

vith a relatively warm winter climate, only drifting of falling snow is usually possiblée. In such
companied by the lowest temperature of the winter. This is normally not the case in cold regions. A
iriable reflecting the temperature during snow falls for different climates is . therefore difficult
asons the parameter used in this annex is the lowest monthly mean temiperature of the |
ter has lower values than the winter mean temperature being referred.to in B.6.

y mean temperatures, 6, for the coldest month of the year given in table B.2 should be cons

Monthly mean temperature,

0, for the caldest month

Winter temperature

of the year category
°C
0>25 A
-25s6=<25
#<—-2,5 C

B.5 Exppsure coefficient

When the
adjusted du

vinter wind and-temperature categories have been determined from tables B.1 and B.2 res
e to localtopography according to B.3, the exposure coefficient can be determined from ta

regions snow

to obtain. For
par. Note that

idered.

pectively, and
ble B.3.

Table B.3 — Exposure coefficient, Cg

Winter wind category

Winter
temperature
category

A 1,0 1,0 0,8
B 1,0 0,8 0,6
C 0,8 0,8 0,5

The value C. = 0,5 (i.e. Category C Ill) applies only to buildings in open terrain extremely exposed in all directions.
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B.6 Alternative determination of the exposure coefficient
In the Soviet Union [12] the following formulae for the exposure coefficient have been derived for regions having
mean winter temperature (average temperature for the three coldest month of the year) less than -5 °C:

Ce=1,0 forv=2mis
Ce=12-0,1v for2<v<8m/s
Ce=04 forv=8m/s

where v is the mean wind speed (m/s) at 10 m above ground level for the snow fall season.

For winter temperatures higher than -5 °C, no drifting is considered.
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Annex C
(informative)

Shape coefficients for multilevel roofs

C.1 General

The shape coefficients for multilevel roofs, as given in 5.4.5.6, are derived from a study comparing similar formulae
commonly used in Canada, USA and USSR (see [18] and [19]).

C.2 Basdic formulae

In the USSR the procedure determining the drift load coefficient for multilevel roofs, uy, is (see figure ¢.1):
Ly = 1|+ [l + mp (Io = 2h)]/h ..(C.1)

where

I, isfthe length of the upper roof (m);
lo isfthe length of the lower roof (m);
h; isfthe roof height difference (m);
my; and my, are coefficients;

my = v = 0,5 for plane roofs with slopes 8 < 20° and-vaulted roofs with f/I; < 1/8; otherwise, mj =m, =0,3;

f is[the rise of the vault.

oS, f
N
hy | P
/72
Hw
Hi
ZS

Snow disfribution

Load distribution

Figure C.1 — Parameters related to typical multilevel roof
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The coefficients m; and mp may be adjusted to take into account conditions for transfer of snow on the roof surface
(i.e. wind, temperature, etc.).

The value u; = 0,8 shall be used.
I3 is determined by:

l3=2h;
Restrictions:

I3 <15 mand uy < khy/sg

where

k=2 kN/m3;
5o is the gnow load (kPa).

In the USA the depth, in metres, of the additional drift accumulation, hg, is determined by (see figure C.1)
hg =0,415 %/E Y(sp +0,479) - 0,457 ..(C.2)

where
I1 is the upper roof length (m);
so is the gnow load on the ground (kPa).

Restriction:

=

h3<h1— )

where

h, is the foof height difference;

h, is the depth of the uniformly distributed snowlayer on the roof.
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