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STEP Article E3 - Purlins

Purlins

Objective

To show the design, verification, and detailing of purlins in compliance with
prEN 1995-1-1 DRAFT 20XX [EC5].

Summary

Purlins from round pole, solid or glued laminated timber, and built-up
sections of ‘I’ or Box beams are discussed. The basis of design is developed,
the ultimate and serviceability limit states are identified, typical design
values of actions and resulting load cases are explained.

Methods of verification or design conditions are addressed for members with
biaxial actions in relation to solid timber. Durability, structural detailing, and
control in relation to purlin members are discussed.

Prerequisites

Refer to STEP lecture B3 for basic beam bending considerations and STEP
lecture B4 for shear and torsion verification. Connections of various types
are covered STEP articles in group C.

Introduction

A purlin is a horizontal member in a roof supported on principal members
and supporting the common rafters.
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Figure 1; Examples of Purlin sections.

Figure I illustrates a range of typical section shapes used as purlins. (a)
Round solid timber or natural timber poles, (b) solid timber sections,
sometimes used in groups fixed together to act as a single unit, (c) glued
laminated sections, (d) Laminated Veneer Lumber, (e) I-beams, (f) box
beams, (g) trussed rafters with punched metal plate connectors, sometimes
fixed together and used in groups to form a multiple truss, (h) truss with
glued or nailed plywood gussets, bolted, pressed metal plate fasteners, or
toothed plate connections.

Purlins can be manufactured from a variety of materials and in many
configurations. The most commonly used shapes are those shown in Figure
1.

Purlins may be constructed as simply supported beams as shown in Figure
2a, or as continuous beams as shown in Figure 2b. If the timber element is
continuous over three or more spans the arrangement will reduce the design
moment and the effective deflection for a given section due to the continuity
over the support. The limit for this structural arrangement is the maximum
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STEP Article E3 - Purlins
continuous length which the timber can be purchased or transported to the
construction site.
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Figure 2: Typical purlin forces.

When the building length exceeds the maximum timber length one of several
structural forms may be adopted to simulate the properties of the continuous
beam by connecting together successive timber lengths to achieve continuity.
Two methods are shown in Figure 2c and 2d. In the first case the bolted
splice would occur at a point of contra-flexure and in the second case the
continuity is maintained by the moment of resistance in the plated or bolted
joint close to the support.

Trussed purlins, braced spans and reinforcement with tension steel are
shown in Figure 2e, 2f and 2g, respectively.

Design

In all but the simply supported span shown in Figure 2a critical points for the
design would contain combined stresses from bending, shear, tension and/or
compression forces. Care should be taken to evaluate the effect of the
geometrical orientation of the purlin and the interaction of the force vectors
which can combine to generate not only combined stresses but, in some
cases, biaxial combined stress coexisting at the same point on the purlin.

The structural design method is similar to that for a simple or continuous
beam except that the purlin is generally subject to biaxial bending and
torsional effects. Refer to STEP lecture B3 for basic beam bending
considerations and STEP lecture B4 for shear and torsion verification.

The normal loading arrangement on the purlin comes from the rafter and
consists of the self weight of the rafter, the permanent load from the roof
materials, transient load from snow or wind loads, and imposed load on the
surface of the roof.
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STEP Article E3 - Purlins
The imposed load is generally applied to the horizontal projected plan area
of the roof whereas the snow, weight of the roof materials and the self-weight
of the rafter are applied to the true area and true length respectively. These
loads have a line of action which is vertical. The wind loading is applied at
right angles to the true surface area of the roof as a pressure and can act in
an upwards (suction) or downwards (positive pressure) direction depending
on the prevailing wind direction and the geometric properties of the building
being designed. The loads supported by the purlin should be determined
from the structural action of the supported rafters. The loading patterns for
each case shall be investigated as defined by EN 1990. In the simple example
that follows, the rigorous action analysis has been omitted for brevity, but a
full action appraisal would be required to suit the design criteria for each
project.

Example

Continuous purlin over 6 spans of 6 m length (see Figure 3) : -
roof slope; o =100

purlin spacing; I-=1,15m

HHHHJ,HHHHHHHHH;
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Figure 3: Example purlin.

'y = Fv.cos'a

F2= Fvsina

Figure 4: Purlin section configuration
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STEP Article E3 - Purlins
prEN 1995-1-1:20XX

Roof pitch or slope; a = 10.00 °
Purlin spacing; I, = 1,15 m
Number of elements in member; n = 1.00
Element and section depth; h = 175.00 mm
Element breadth; b, = 148.00 mm
Section breadth; b =nb, = 148.00 mm

Table 3.1 | Rectangular structural timber is classed as ST
Area;A =bh= 19 200 mm?
Moment of inertia for Y; I, =bh®/12 = 6,61E+07 mm*
Moment of inertia for Z; I, =hb>/12 = 4,73E+07 mm*
Section modulus for Y; W, =bh®/6 = 7,55E+05 mm”
Section modulus for Z; W, =hb?/6 = 6,39E+05 mm?

Partial safety factors

EN 1990 Permanent actions; y; = 1,35

EN 1990 Variable actions; y = 1,50
Table 4.3 Material properties; vy = 1,3

EN 338 Timber strength class is C24
Table 4.2 Service class is 1
Table 4.1 Load duration classis  Short-term

Characteristic strength - EN338

EN 338 Bending stress; f,, , = 24 N/mm*
EN 338 Shear stress; f, , = 4 N/mmz
EN 338 Compression 90° to grain; f o, = 2,5 N/mm z
EN 338 Minimum modulus of elasticity; E s = 7 370 N/mmz
EN 338 Min density; p = 350 kg/m?
Modification factors - prEN 1995-1-1
Table 5.1 Duration and moisture content; k,,,,q = 0,9
Table 5.2 Deformation; k 4 = 0,60
T 53 Depth; k, = Min((h/150)°%1,3) = 1,03

(54) Ky vz = Max(Min((b/150)%%1,3);1) = 1,00

(8,29) forref= 2,30
8.1.11.1(4) Kyar= 1,00

Design bending stress;

17,14 N/mm?*
Fnd = Koo K foie/ 71 = /
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STEP Article E3 - Purlins
Characteristic values of actions

Permanent actions (self-weight)
Varies with the materials actually used: -

Roofingand rafters= 0,20 kN/m? (roof area)

Insulation= 0,06 kN/m? (roof area)

Ceiling= 0,10 kN/m? (roof area)

Purlins and bracing= 0,10  kN/m? (roof area)

2(gq)=_ 046  kN/m? (roof area)
g«=2(gq)/cos(a) = 0,47 KkN/m? (horizontal area)

Variable actions (snow and wind):
Depends upon the region and the altitude of the proposed structure: -

EN 1991 | Variable imposed; ¢, = 0,75 kN/m? (horizontal area)
Wind; w, = 0,00 kN/m? (roof area)
Snow; s, = 0,00 kN/m? (roof area)

EN 1990 and EN 1991 shall be consulted for combination of partial factors
on actions and allowance shall be made for the occurrence of other roofing
actions such as snow, rain, and wind. Snow would be possible but wind
action with such a low pitch means the pressure is suction only and not
governing.

A full action analysis would be normal at this stage to account for local and
national requirements; but this example considers only permanent and
variable imposed loading are ruling.
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Figure 5: Typical bending moment diagram
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Figure 6: Typical shear force diagram
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STEP Article E3 - Purlins
Design values of actions
Bay span; [, = 6,00 m
Number of bays; n), = 6
A more economical solution may be achieved by making the end bay spans =
0,8535 I, = 5,121m. This would reduce the design moment to about
4,54kNm; but that could not be accomplished here.
Vertical force from rafter to purlin.

Foa=l, (ve8tvqad = 2,02 kN/m

Fya=F,qcosa= 1,99 kN/m

F,e=F,qsina = 0,35 kN/m
Max moment; M ., 4 = 6,96 kNm
Min Moment; M ;s =  -4,54  kNm

Design moment;

M ; = max(abs(M y454); abS(M yina)) =
M, 4=M4cosa = 6,85 kNm
M,4=Mysina = 1,21 kNm

6,96 kNm

Verification

Bending
8.1.8 Bending stress
abouty; 6,4 =M, /W, = 9,07 N/mm®

aboutz; 6,,4=M,4/W, =189 N/mm2

k ..q accounts for the unlikely event that poor material

8.1.8.1(2)
will stretch the full width of the section.
for rectangular sections; k..q = 0,7
(8.19) U1 =Omyd/fmd * Krea Omza/ fma = 0,61 <1
(8.20) U2 = Kred Omy,d/fmd * Omza/ fma = 0,48 <1

Both utilisation factors are less than 1; this makes the
bending section adequate.
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STEP Article E3 - Purlins
Shear
8.1.11 |Shear

Max shear force; Vs = 6,814 kN
Min shear force; V ;s = -6,814 kN
Design shear force;
V4 =max(abs(V yaya); abs(V mina)) =
Vya=Vgqcosa= 6,71 kN
V,a=Vgsina= 1,18 kN

6,814 kN

Shear stress; 7, =3V,/2A = 0,53 N/mm?

Shear strength; f,; =f,x/7u = 3,08 N/mmz
Utilisation of strength; U, = z,/f,, = 0,17 <1

Shear stress; 7, 4 =3V,,,/2A = 0,52 N/mm?

Shear strength; f, , 4 =kp,, fux/vm = 3,17 N/mmz

Shearstress; 7, =3V, 4/2A= 009 N/mm?

Shear strength; f,, .4 =kp,, for/7u = 3,08 N/mmz

g (8.28) kv,y = rrlirl(kh,v kvar fv,k,ref/fv,k; 1!0) = 059
kv,Z = min(kh,v,z kVar fv,k,ref/fv,k; 110) = 0158
L
(8:27) Uv = (Tv.d/(kv.v fV.V.d))2 + (Tz,d/(kv,z fv,z,d))2 = 0'94 <1

Utilisation factor for shear is less than 1; making the
section adequate for shear forces but a check for
torsion may be appropriate; refer to STEP B4 for

current advice.
Bearing

8.1.6 Bearing strength

There are options available for the calculation of k4,
8.1.6.1(2)  |and k,,; otherwise, the values shall be taken as 1,0 for

each variable.

Shape factor; h/b = 1,18
Table 8.1 Case selected is B
Strain = 0,1
Kot = 2,1
" (88 Depth; h ., = min(0,4h;140mm) = 70 mm
End supports
End Reactions; R;; =F .99q = 530 kN
Minimum bearing length; I .y = 0,66 mm
Fig 8.3 Spreadinglength; I, =1 99+h = 70,66 mm
86) Spreading factor; k.o = (I;/1.59)*° = 10,35
Area of the applied force; A =199 b = 9,77E+01 mm z

78-5) Bearing stress; 6 .9pq = F 994/A = 54,26 mm

Bearing strength; .o g =Kmat Keoo feoox= 54,32 N/mm?
®.4) Uco0 =6c90,4/fco0a= 1,00  <=1; 0K
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STEP Article E3 - Purlins
Penultimate supports

Penultimate Reactions; R,, = 12,87 kN
Minimum bearing length; [ .oy = 2 mm
Fig 8.3 Spreading length; [ .c =1,99+2 h f = 142 mm

" (86) Spreading factor; k. gy = (Ie,c/lqgo)o'5 = 843

Area of the applied force; A =199 b = 2,96E+02 mm?
g (8.5) Bearing stress; o .99 =F 90a/A = 43,48 mm
Bearing strength;

4-4-,24 N mmz
fc,90,d =Kpmat kc,90 fc,90,k = /

" 84 Ucso = Geo0a/fesna= 098  <=1;0K
Internal supports
Internal Reactions; R;; = 12,11 kN

Minimum bearing length; [ .4y = 2 mm
Fig 8.3 Spreading length; I, =1,99+2 h = 142 ~mm
" (86) Spreading factor; k. gy = (Ief/lclgg)o'5 = 843

Area of the applied force; A =199 b = 2,96E+02 mm?
g (8.5) Bearing stress; 6 .9pq = F 99q/A = 40,92 mm
Bearing strength; {04 =Kmat Kcoo feoox= 44,24  N/mm?

" (84) Ucoo = Geooa/fes0a = 093 <=1; 0K

Deformation

EN 1990-1 | Purlins in roof structures would not normally be
checked for vibration sensitivity; therefore, the check
here is for deflection as a serviceability limit state.

Al8 The purlin would be part of an inaccessible rigid roof;
the plaster board ceiling and general appearance would
be the ruling criteria.

X.allj% Plastered ceiling; w,+w; <1/350= 17,1 mm
(NDP) Appearance; w;+w,-w, <1/250 = 24,0 mm
Action for defection; Fs=1, 1,(gr+q ) = 8,40 kN
Fsor=Fsgo/(gcta) = 3,22 kN
Fsor=Fs qi/(8tai) = 518 kN
k=1,>/(Egosl,)= 044 mm/N
(8.29-32) Span End Internal
di= 185 384
Precamber; w, = 0 0 mm
Initial actions; o 37 mm
wi=Fgg k/d; = ' '
Long-term actions;
-9.6 4,6 2,2 mm
W, =W;y kdef =
Variable actions; w3 = 12,4 6,0 mm
Wit = Wi +Wo+W3 = 24,8 11,9 mm
Plastered ceiling; w,+w 3 = 17,0 8,2 mm<=17,14
Appearance; w ;+w ,-w, = 12,4 6,0 mm <=24,00
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Connections

Contraflexure points
For this example, the timber of the chosen target size and grade is only
available in 4,80m lengths and the spans are 6,00m long. Splicing and
material extension points are best placed at points of contra flexure, where
both bending and shear actions are of a lower magnitude. Joints should not
be placed at maximum moment or shear action points. Joints should be
staggered on the structure; common practice is to place joints in
asymmetrical locations and reverse alternate members on the structure
layout. This reduces the chance of a line of weakness developing in the
structural form.

On this proposal the layout has points of contra-flexure at zero moment that
occur in the end bays at 764mm from the continuous support; and at the
internal spans they occur 900mm from a support.

There are five types of joint that could be used in this proposal; Finger,
Bolted scarf, lapped joint, metal plated splice, and dowel joint.

We have chosen the finger joint that is best made in factory conditions for the
material extensions and the dowel joint would be set up in the factory but
completed on site.
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Figure 7: Support and joint positions
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Figure 8: Enlarged centre detail

Finger joints

Finger joints are a method of lengthening timber by joining successive pieces
of similar sections of timber, end to end, with a machined finger like joint
profile provided with a proven adhesive in the joint line. The finished and
cured joint has been shown to have a similar strength to the base timber, so
the joined timber can be treated as a homogeneous unit from end to end. In
theory the 4,8-metre long C24 available to us could be made into a single unit
36 metres long, but this would of course be too long and unwieldy to handle
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STEP Article E3 - Purlins
in transit and on site. Lengths are available up to 13m long in the market
place, but we have limited ourselves to unit length less than or equal to 9,6
metre. This would be equivalent to two 4,8 metre lengths joined together.

1 =

175

!

Figure 9: Typical finger joint

Some commercial outlets in the market place can produce material units of
any size/length because the timber is joined on a continuous basis with cuts
made to suit the material order. This reduces timber waste to a minimum.

The reference standard is EN 15497 Structural finger jointed solid timber -
Performance requirements and minimum production requirement.

Dowel joint

The dowels used to connect parts of the purlin are placed at points of
contraflexure where they would be subject to mainly shear forces from the
structure. We are therefore interested in the performance in lateral
resistance.

The timber section is relatively small; we will try a hidden steel plate ; the
connection could also be made with external metal plates bolted for end-to-
end timber connection.
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STEP Article E3 - Purlins

plate

Dowel diameter; d =

Dowel area; Ay = ir’ =
Dowel inertia; I; = nd*/64 =
S275 steel plate; t, =

fy.k =

1:u.k =

ty = (b-d)/2=

Inner steel plates: k,; =
the=tz/2=

Embedment strength; f,, =k, =
Outer timber- predrilled holes

kmat=

fhix= fh,a,B,k =(0,082(1-0,01d)pi) /Kpmat =
B=fh2x/thix=

M, =0,3f,, d*° =

frixth d=

frzithy d =

fiijcthy d /(1+B) ((B+2P* (1+tyz/th +
(th2/th1)*)+B> (tha/tn1) )7 -B(1+th /t01) =
1,05 ((fh1x tha d)/(2+B)) ((2B(1+P)+
(4B(2+BIM,0 /(Fh1xc d th1))**-B) =
1,05 ((fuyx tz d)/(1+2B)) ((2B7(1+B)+
(4B(1+2B)My,) / (Fic d t27))*°-B) =
L15(2B/(1+))"° (2 My fry ) =
Dowel-effect; F ) =min[a;b;c;d;e;f] =
Kip 2 =

Rope-effect; F,,, ) =

Per shear face.F,, =Fp + Fyp =

Number of shear faces =

Resistance per dowel=n,f, /vy =

Shear at points of contra flexure

End span; Fv = 5,300-f, 4 (Ip-0,75) =
Internal span; Fv = 6,057-f, 4 (Ip-0,9) =
Design connection for; F,; =max F, =
Number of dowels required; n =F, 4/(2*F,,) =
n=

Force oneachdowel; F, =F, ;/n

7
38

118

275
390
70,5
1,00
2,50
600

1
26,691
0,044

18 426

13,17
10,50

2,20

1,84

0,77

0,88
0,77

0,00

0
0,77
2,00
1,18

-5,30
-4,24
5,30
3,45
6
0,88

N/mm?

N/mm?
Nmm

kN
kN

kN
kN

kN

kN
kN

failure mode is (e)

kN
kN

kN

kN
kN
kN

try 6

<=118
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AN

I;lbll;" Spacing for Predrilled dowels
With the grain; a ; =5d = 35 mm
Across the grain; a ; =4d = 28 mm
Leading edge with grain; a 3, =max(7d;80) = 80 mm
Trailing edge with grain; a 3. =7d = 49 mm
ay =7d= 49 mm
a,.=3d= 21 mm
280
25 35 80 140
| I |
A B AN o |
t‘ | h ™~ ||
——7—0 ° o |
L I :
21 I o— S R S P - _o_||_
T |
+H—+o0 o o o |
5 — II
| |
) | \2 |
g 1 I
N 3 \4
Factory fabrication ol Site execution o
Figure 10: Dowel plate connection
Tolerance between steel plate and slot in timber.
Outline of steel plate.
End of saw cut slot in timber parallel to grain.
Edge of timber member.
Six dowels inserted in factory.
Six dowels inserted during site execution.
Lever arm for dowel group; [, = 195 mm
Moment from connectiom; M =I4, F,; = 1033 kNmm
I, =4(14 +Aq 287+2(14+A4 0°) = 121395 mm*
I, =6(I, +A; 35°) = 283568 mm?*
Polar inertia of group; I, =1, +1, = 404963 mm *
o= (17,5%+28%)%° = 33,02 mm
Force from moment; F,,,, =M/, = 0,08 kN
Horizontal angle of F,, ,; a ;, =acos(15/1;)= 62,98 °
Resultant force;
Fr= (F,"+Fpn, +2F, Fyy cos(a))®® = 092 kN

Design is adequate - PASS <=1,18kN
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STEP Article E3 - Purlins

Lateral torsional buckling

A purlin in a roof system would normally be stabilised laterally by the rafters
and roof covering or the ceiling finish if rigid to form a restraining
diaphragm. The rafter and purlin system would normally also be stabilised
by a bracing, or in some instances a rigid timber system for the sarking under
the tiling battens. However, if the purlin cannot be stabilised in that way then
the following check should be applied.

2nd order methods are covered in 7.4 with lateral torsional buckling in 7,4,3.

Most designers will be satisfied with 1st order methods of linear analysis,
covered in 8.2 shown below:

8.2 Stability of members : simplified verification
8.2.2 Member buckling verifications by factors (k. — k,, methods)
8.2.2.2(1) |Flexural buckling
Characteristic compressive stress; f.ox = 21  N/mm®
Equivalent length factor
Table D.2 . )
[fixed - pinned]; cg =
Effectivelength; I=cp [, = 42 m
(D.5) Critical force; N/, e = w2 (Eq 05 Iy./1° )= 2,73E+05 N
Critical stress; 6y/, it = Ny/zaie/A= 14,20 N /mm2
(8'35) 7\‘c,v/z,rel = (fc,O,k/Gy/z,crit)O‘S = 1'22 > 0'3 OK
(8.46) and (8.47) can be used.
8.2.2.3(1) |Lateral torsional buckling
Characteristic bending stress; f, , , = 24 N/mm?
r (847) Critical moment; 9.42E+07 N
. , + mm
Mm,y,crit =TC/1 (EO,OS Iz G0,05 IX)O‘S =
Critical bending stress; Gy, it = My it/ Wy = 124,64 N /mm2
(846) A‘m,rel = (fm,y,k/o-m,y,crit)o‘s = 0'44
(8:47) (kc,z,re12+7\‘m,re14)0‘5 = 1'23 > 0'3 OK
8.2.2.3(1) (8.48) and (8.49) can be used.
h/b= 1,18 <=70K
Equivalent bow imperfection; e = £ , =1/400 = 0,0025
Equivalent twist imperfection; 6 =6, =¢&¢,1, /h = 0,086 radians
Bey = €07 (3 Eos/fe0id™ feor/Fnyi= 0,22
Bin=80h/bm/2 (Egs/Gos)"* = 0,02
Bo=6,h/b= 0,10
(I)c.v =0'5(1+BC.V(7\‘CV,I‘€1-O'3) +}Vc.v,re12) = 1,34
kc,v = 1/(¢c,V+(¢c,vz'kc,v,relz)o‘S) = 0'524
(I)m =015(1+B9 + Bm(}\'m,rel'OISS)-"?\'m,relz) = 0’65
h/b= 1,18 <=70K
L . . .
Equivalent bow imperfection;
(7.15) 0,0025
e=¢€,=1/400 =
Equivalent twist imperfection; i
(7.16) 0,086 radians
0:90 =6‘01b/h =
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Table 8.2

(8.42)
(8.41)
(851)

(8.5)
(8.49)

(8.48)

Imperfection factors
Bey=€0m (3 ]5305/fc,o,k)0'5 foox/fmy= 0,22
Bm=£0 /b 7/2 (Egs/Gos)"* = 0,02
Bo=6oh/b= 0,10
ey =0,5(1+Bey (heyre10,3) *heyra ) = 1,34
Koy =1/t (cy Aeyra) ) = 0,524
Om =0,5(1+Bg + Bi(Pmre-0,55) +Amre) = 0,65
ki =1/(@m+(@m Amra’)"?) = 0,893
There is no direct tensile force on this member
therefore (8.49) is not relevant in this case.

Geoq= 0,00 N/mm?’
Gc,O,d/(kc,z fC,Od) + 6m,y,d/(km fm,y,d) = 0159 <=10K

Design is adequate - PASS
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