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Foreword 
 
The manual  "Stabilisation by stressed skin diaphragm action"  has been compiled by Professor Torsten 
Höglund in cooperation with the Swedish Institute of Steel Construction. The aim has been to show how 
diaphragms of trapezoidal steel sheeting function in different types of buildings, to give recommendations 
for design calculations, and to give examples of the design and documentation of diaphragms. In this 
English version of the manual, reference is given to the relevant Eurocodes: EN 1990:2002E, Basis of 
structural design, EN 1991 Actions on structures - Part 1-3 Snow loads, - Part-1-4 Wind actions and EN1993-
1-3 Design of steel structures, supplementary rules for cold-formed thin gauge members and sheeting. 
 
A reference group, which gave its views and scrutinised the manual has been associated with the project. 
The members of the reference group were 
 
Jan-Inge Bengtsson    SFS Stadler AB 
Björn Gullbrandsson    Gasell Profil AB 
Per Hallgren     Tyréns Byggkonsult AB 
Bernt Johansson    Luleå Technical University 
Hans Larsson     Lindab Profil AB 
Jan Strömberg     Plannja AB 
Dagfinn Tynes     Europrofil AB 
Sven-Åke Wiking    Maku-Stål AB 
 
Bert Norlin, Department of Structural Engineering, Royal Institute of Technology, Stockholm and Bo Sjödahl, 
Bloms Ingenjörsbyrå, have made valuable observations. Most examples of roof diaphragms in different 
buildings have been taken from courses arranged by Björn Gullbrandsson, Gasell Profil AB. Sture Åkerlund 
has given information about the Eurocode Basis of structural design. 
 
Work on the manual has been financed by grants from 
 
Gasell Profil AB     Plåtslageriernas Riksförbund PLR 
Göinge Mekaniska AB    AB Ranaverken 
Lindab Profil AB     SFS Stadler AB 
AB Jacobson & Widmark    Tyréns Byggkonsult AB 
AB Maku-Stål AB    VBK Konsulterande Ingenjörer KB 
Plannja AB     Dept of Structural Engineering KTH 
 
 
Stockholm, April 2000 
 
 
THE SWEDISH INSTITUTE OF STEEL CONSTRUCTION
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Summary 
 
 
Metal roof decks are used in many residential, 
school and office buildings. Stressed skin diaphragm 
design which makes it possible for the roof to be 
constructed without bracing has become an 
accepted practice in many countries, e.g. the UK, 
Australia, Canada, France, Germany and Sweden. 
For structural and economic reasons, bracing of flat 
roofs is undesirable, and diaphragm design has 
become the most attractive solution to this problem. 
Significant savings in material and labour can be 
achieved. 
 
Many engineers have no knowledge of the detailed 
design of metal roof decks. Building contractors also 
have insufficient insight into the structural behaviour 
of diaphragms, and this might result in defective 
workmanship. Stressed skin design involves the total 
structural system of a building. It is therefore 
essential for responsibility concerning the stability of 
the structure to be made clear. In Chapter 1, this 
issue is discussed and a checklist is given for the 
transfer of information between the partners in the 
design process. Different types of structural 
systems, the cases where stressed skin action can 
be utilised, and stability during the erection of the 
building, are also discussed in Chapter 1.  
 
Chapter 2 discusses loads and actions, and the 
overall design process is outlined. This chapter is 
based on the Eurocodes. 
 
Chapter 3 presents the calculation of forces and 
deformations in simple rectangular flat roofs, as well 
as the influence of holes and local load transfer into 
the roof sheeting. 
 
Chapter 4 describes the detailed design of the 
sheeting and fasteners. 
 
In Chapter 5 the overall behaviour of the diaph-
ragms in different types of buildings is discussed. 
Shear flow in the sheeting and the forces in the 
rafters and purlins are shown graphically for 
rectangular and non-rectangular buildings, with wind 
bracing in three or four walls, roofs with stepwise 
varying width, different levels, continuous diaph-
ragms, complex diaphragms, stressed skin action in 
combination with portal frames, etc. 
 
 
 
 
 
 
 

 
 
 
 
Chapter 6 discusses the behaviour of diaphragms in 
buildings without thermal insulation in the external 
walls and roofs. Owing to the difficulties in resisting 
the forces and deformations due to the temperature 
difference between the structural frame and the 
sheeting, stressed skin design has usually been 
avoided in such buildings. However, by designing 
the joints in such a way that no forces occur due to 
temperature differences, or they are small, stressed 
design can also be used in non-insulated buildings 
such as storage buildings. 
 
Stressed skin design in walls and vertical wind 
bracing is discussed in Chapter 7. It is concluded 
that stressed skin design is rarely used in external 
walls. 
 
Tables for the strength of connections are given in 
Chapter 8. Values are given for self-drilling and self-
tapping screws and also for blind rivets and 
cartridge-fired pins. 
 
Chapter 9 gives examples of good practice in 
presenting sheeting and fasteners on drawings. In 
stressed skin design, fasteners are very important. 
 
Finally, four worked examples, showing the detailed 
design process, are presented. In practice, only a 
few of the design checks need be performed, as the 
designer will find after some experience. The 
examples are based on the Eurocodes and design 
practice in the Scandinavian countries. 
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Symbols 
 
a width of diaphragm perpendicular to the 

profile pattern 
A area of cross section of longitudinal edge 

beam 
Askpl area of cross section of shear connector 
b width of diaphragm parallel to the profile 

pattern 
bd pitch of profile 
bo crest of profile 
broof width of roof 
bu trough of profile 
bw projection of profile web onto the plane of 

the support 
c shear flexibility of the diaphragm 
craft rafter spacing 
cgp spacing of end columns 
d diameter of fastener ( ) 
E modulus of elasticity 
fty design value of yield stress 
fyk characteristic value of yield stress 
Fc2V factor which, multiplied by the shear force, 

gives the pull-out force in the fastener due 
diaphragm action 

Fg,Rd design value of resistance with respect to 
pull-through failure in the connection 

Fh,Rd design value of resistance with respect to 
sheet tearing in the connection 

Fs,Rd design value of resistance with respect to 
shear failure of fastener 

Ft.Rd design value of resistance with respect to 
tensile failure of fastener 

Fu,Rd design value of resistance with respect to 
failure due to pull-out from the parent 
material 

hb depth of beam at support on column 
hp height of column, long side 
ht height of ridge 
hw depth of profile 
Ief polar moment of inertia of effective cross 

section 
Ific notional polar moment of inertia 
k frame flexibility 
K, K1 constants 
k2 constant 
L length, span 
ls width of support 
lskpl length of shear connector 
Ltak length of roof 
M moment in the diaphragm 
Mf,Rd design value of moment capacity in the span 

(wide flange is normally in compression) 
Mf,Ed design value of moment capacity in the span 

with respect to transverse load 

 
 
Ms,Rd design value of moment capacity at the 

support (the narrow flange is normally in 
compression) 

Ms,Ed design value of support moment due to 
transverse load 

n number of panels within the length of the 
diaphragm 

n number of screws in a connection 
n1sc number of fasteners between sheet and 

shear connector in inner rafter 
nb number of sheet lengths within the length of 

the diaphragm 
nf number of fasteners between sheet and 

purlins per sheet width 
np number of purlins (edge purlins + 

intermediate purlins) 
ns number of fasteners per side overlap 

(excluding the fasteners which pass through 
both the sheets and underlying purlin) 

nsc number of fasteners between sheet and 
shear connector in end rafter 

nsh number of sheet widths per panel 
Nc,Rd normal force with respect to instability 
Ngg normal force in end rafter 
Nk normal force in edge beam 
NEd normal force due to design load 
p spacing of fasteners between sheet and 

purlin 
qself self weight of roof 
qk characteristic value of wind pressure 
qs1 design value of snow load + self weight 
qsuc characteristic value of wind suction on roof 
Qs load on long side of a roof diaphragm 
Qsg load on the end of a roof diaphragm 
Rg reaction force in the end due to load on the 

long side 
Rk reaction force in the long sides due to load 

at the end 
Rs,Rd design value of resistance of support 

reaction at intermediate support 
Rs,Ed design value of support reaction at 

intermediate support 
RvV factor which, multiplied by the shear force, 

gives the support reaction due to stressed 
skin action 

Rä,Rd design value of resistance of support 
reaction at the end of the sheet 

Rä,Ed design value of support reaction at outer 
support 

sk characteristic value of snow load on roof 
so snow load on the ground 
sk displacement per attachment between sheet 

and purlin per unit load 
ss displacement per attachment between 

sheets per unit load 
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ssc displacement per attachment between sheet 
and shear connector per unit load 

sw width of web 
susl usual value of snow load 
S shear flow (Chapters 3 and 5) 
t sheet thickness 
t1 largest sheet thickness, or parent material in 

a connection 
tf flange thickness in support beam or end 

rafter 
V shear flow (Chapter 4 and examples) 
V shear force 
Vf,Rd design value of resistance of shear flow with 

respect to flange buckling 
Vg maximum shear flow due to load at the end 
Vg,Rd design value of resistance of shear flow with 

respect to global buckling 
Vmax maximum shear flow (at the end) 
Vr,Rd design value of resistance of shear force 

with respect to bending at the profile corner 
vEd design value of shear flow in the plane of 

the diaphragm 
Vw,Rd design value of resistance of shear flow with 

respect to web buckling 
v deflection 
vskpl deformation of shear connector 
vskr shear lag in connection 
vtemp displacement due to temperature 

vtrp deformation of trapezoidal sheet 
 coefficient of linear expansion 
1, 2, 3 factors which take account of the influence 

of intermediate purlins 
4 factor which takes account of the number of 

sheet lengths 
1, 2 factors which take account of the number of 

fasteners between sheet and purlin 
3 factor which takes account of the placing of 

fasteners in a profile 
m partial factor which takes account of the 

uncertainty in determining resistance 
n.s partial factor with respect to the safety class 

for stressed skin action 
n.t partial factor with respect to the safety class 

for transverse load 
 shape factor for snow load on roof 
s,roof shape factor for wind suction on roof 
t shape factor for wind pressure on wall 
s shape factor for wind suction on wall 
int shape factor for internal suction 
 load reduction factor 
 deflection of diaphragm at midspan 
T temperature difference 
 diameter of fastener 
 Poisson's ratio 

 
Other symbols which are used are explained where 
they occur.
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1 General 
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Fig. 1.1.  Open plan building stabilised by wind 
bracing in the walls and diaphragm of trapezoidal 
sheeting in the roof 
 
 
1.1 Types of load bearing system 
 
The most common and most economical way of 
stabilising a open plan building is to insert wind 
bracing at the ends and in the long sides and to 
utilise the trapezoidal sheeting in the roof as a stiff 
stressed skin diaphragm which transfers wind forces 
to the wind bracing. See Fig. 1.1. The diaphragm 
may take the form of sheeting placed either directly 
on the main rafters or on purlins. This publication 
discusses stabilisation by stressed skin action. 
 

a)

b) d)c)
 
Fig. 1.2. a) Open plan building stabilised with portal 
frames, b) columns fixed at the base, c) two-hinged 
frame, d) rigid frame 
 
Another way of stabilising a large span building is by 
frame action. See the examples in Fig. 1.2. In 
Sweden this is usually done by using columns fixed 

at the base, and less usually by using two-hinged or 
rigid frames. 
 
In a frame system the columns may be fixed into 
base slabs and the rafters may be simply supported 
on the tops of the columns (Fig. 1.2b), or the 
columns and rafters may be rigidly connected so as 
to form a two-hinged frame (Fig. 1.2c). In the latter 
case, the columns are sometimes fully restrained at 
the base, and the frames are fully rigid (Fig. 1.2d). 
Particularly when the height of the frame is small in 
relation to its span, the horizontal forces, which 
arise at the column base, are of a completely 
different order of magnitude from those in the case 
of stressed skin action in the roof. 
 
Structural systems with frame action have certain 
advantages. They are used especially in smaller 
open plan buildings. Columns fixed at the base are 
also relatively common in concrete structures. Each 
frame resists that portion of the wind load, which 
acts on the bays adjacent to the frame. In such a 
case it is possible to extend the building 
longitudinally without affecting the stability of the 
existing part.  Large holes can also be made for 
doors and windows. 
 
Profiled sheeting used in roofs, floors and walls is 
very effective as regards stressed skin action. 
Provided that the sheeting is properly fastened to 
the secondary and primary structural elements, by 
mechanical fasteners or welding, it is very reliable 
and can be used with confidence as a structural 
element. Stressed skin action has also been verified 
by full-scale tests and confirmed by practical 
experience in many buildings. 
 
 

Fig. 1.3  Stressed skin action in building with a shallow
roof. The roof acts as a deep beam on its side which
transmits the loads to the ends.

force in
edge

beam
Reaction force
from the end

shear
panel in
sheet

 
Stressed skin action can be used in resisting 
horizontal forces and also vertical forces when the 
roof has a steep slope. In a building with a roof of 
shallow slope, each part of the roof diaphragm will 




