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Effective stiffness of nailed
multiple-ply timber members

Walter Burdzik

In timber roofs, multiple-ply trusses are placed next to each other and the web members
are held together with nails. This paper presents various methods, among which is a
simple spring model, whereby the effective stiffness of these composite web members
may be calculated, based on the stiffness of the connectors and the individual web
members. The spring model can be used for any number of connectors and members as
long as the members are loaded within the elastic range of both the members and the
connectors. Results from a limited number of finite element simulations show that this
method has merit. It makes it possible to determine the bending and axial stiffness to an
acceptable degree of accuracy. The paper also addresses the calculation of the stresses

in the individual members.

INTRODUCTION

Reference books such as Gere (2001) give
methods of calculating the stiffness and
stresses in composite members. They gen-
erally state that the elements are securely
fastened to one another. ‘Securely fastened’
would imply that there is enough shear
capacity in the connectors to transfer the
load equally to each ply. Gere does not
specify that the connection must be rigid
and no account is taken of the deformations
that occur when the shear connectors trans-
fer the load. This deformation would reduce
the section stiffness and must therefore be
taken into account. Loss of stiffness will also
reduce the section modulus and strength.

The loss in stiffness is important when
calculating the axial resistance of the com-
pression chords of multiple-ply timber
trusses. The strength of slender members
depends on the effective radius of gyra-
tion, which in turn depends on the effective
member geometry. Steel reinforced timber
beams where the steel is fixed to the timber
by means of flexible connectors would be
subject to the same conditions.

Sound prediction models can help to
restrict the number of tests that are required
to verify the model. A spring model, as
illustrated in this paper, gives one the ability
to ascertain how the stiffness changes with
changes in connector spacing and stiffness.
Furthermore, the method makes it possible
to limit the work to the testing of connector
stiffness. Connector stiffness may then be
used to predict the behaviour of the com-
posite member.

As strength is an ultimate condition and
because some connectors portray ductile
behaviour under ultimate loading, a spring
model for composite members must, of
necessity, be restricted to elastic behaviour.
The spring model may have an application,
where the members remain elastic, but the
connectors show ductile inelastic behaviour.

THEORETICAL MODEL

Prediction of the effective stiffness

of composite elements

The effective flexural stiffness of composite
members is a function of the stiffness of the
connecting medium that transfers the shear
and the elements that are being connected
to form the composite member. This con-
cept may be illustrated by considering two
extreme cases, a lower limit where the stiff-
ness of the connecting medium is too low to
limit slip at the interface and an upper limit
where the connecting medium has a relative
stiffness that effectively prevents any slip

at the interface. In the first case, the stiff-
ness of the composite member would tend
to the sum of the individual stiffnesses. In
the second case, the combined stiffness of
the system would approach the theoretical
stiffness of a fully composite member. The
stiffness of the connecting medium and

of the individual elements is significant
when predicting the deflection and bending
stresses in composite flexural members and
the slenderness and resistance of axially
loaded members.

Proposed theoretical model

Any prediction model should, of necessity,
reflect the interaction between the principal
parameters. In the case of rigid shear con-
nection, where no slip occurs at the inter-
face, the deformation at the interface of the
members will be the same and the stiffness
can be described as a series of springs in
parallel. The flexural stiffness of a simple
composite member may be expressed in
terms of the individual member bending
stiffness together with an axial stiffness
component multiplied by the square of

the distance away from the neutral axis.
This second term is often referred to as the
Steiner term and the combined stiffness can
be written as follows:
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Figure 1 Load-slip that defines the stiffness of a nailed
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Figure 2 Spring model for predicting the effective
stiffness of a composite member
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Figure 3 Expanded two-element spring model. In this
case both axial stiffnesses are transformed

El, =Y (El +EAy}) @
i=1

Where

El, is the effective stiffness of the compos-
ite member

El. s the individual stiffness of the jth
member

n is the number of elements

A is the area of the i member

y, is the distance from the centre of the
member to the neutral axis of the
composite

Ay’ is the second moment of area of i the
element about the neutral axis

In the case where the stiffness of the con-

nectors is low compared to the axial stiff-

ness of the individual elements, most of the

composite action will disappear and each

element will tend to bend about its own

neutral axis. The contribution of the E A y;

term of the equation will disappear and the

effective flexural stiffness will tend towards

the sum of the flexural stiffness of the indi-

vidual elements.

In the case of members that are con-
nected by flexible connectors, the axial force
in the member and the spring is the same
and the stiffness may then be modelled by
springs in series. The radius of curvature
of the individual members will be the same
and the bending stiffness may be described

El,
V V El
A A AEy}
(A _Els
qA K3y32

Figure 5 Equivalent spring system for three-member
composite

by springs in parallel. The definition of the
shear connector stiffness can be seen in
figure 1. The stiffness, k,, of the spring is
given by:

k==
é
Composite action may thus be represented
by a number of springs acting in series and
parallel, representing the stiffness of the
individual elements and the connectors. The
model is shown in figure 2.
E = modulus of elasticity
El, = effective stiffness
k, = spring constant
L = transfer length over which connectors
are placed, usually length divided by 2
A = Area of member that is connected by
the spring
o, = modification term that takes the force
distribution in the elements over the
length L, into account
A similar equation for composite
members with flexible connectors is
given in Eurocode 5 (1995) and can be
applied to for up to three members in
bending. The basic principles are difficult
to follow thus the reason in this paper
that basic principles are emphasised.
Inadequacies in the equations are then
easily identifiable.
The model shown in figure 3 represents
a composite system consisting of two ele-
ments connected with flexible shear con-
nectors. The same principle may be used for
the case of composite members consisting of
three or more elements. The combined stiff-
ness of the system is reflected as the sum of
the flexural stiffness in parallel with the sum
of the Steiner term in series with the connec-
tor stiffness. In effect, the individual cross-
sectional axial stiffness, AE, is transformed
into an equivalent axial stiffness by the

springs. The greater the spring stiffness the
more the transformed section tends towards
the full section and visa versa.

Using the simple two-element model
shown in figure 3, the effective stiffness El,
may be expressed as equation 2:

ok L AFE, yi

EI, =FI, +FL, +
(o/k L, +AE))
a)fksL{AE2 y: @)
(o/k L +AE,))
This can be written as follows:
EI, =EI, +EL, +K,y; +K,y’ 3)

Where

AE = the axial stiffness of material above or
below the connector

L = the shear transfer length, normally
the clear span/2 for simply supported
beams

k. = the connector stiffness of all connec-
tions in the transfer length

El. = modulus of elasticity of the i
member

K. = the effective axial stiffness of the i
member in series with the spring

y, = distance from the transformed section
centroidal axis to the centre of the
individual member

The distance to the neutral axis now

depends on the combined stiffness of the

spring and the stiffness of the members.

Axial stiffness of a member is give by AE

L
and the stiffness of the spring by k.. As the
members are in series the combined stiff

ok L AE

ness is give by . If one calls the

kL +AE
individual stiffnesses K, it is relatively easy
to calculate the distance to the transformed
section centroidal axis. This can be calcu-
lated as follows:

Ky, +K,y,

4
K, +K, @

)_/ =
Equation 2 clearly illustrates the influence of
the shear connection stiffness on the effec-
tive flexural stiffness of the composite mem-
ber. In order to obtain some appreciation

of the sensitivity of equation 2 to the ratio
between spring stiffness and element stiff-
ness, a simple composite member consisting
of two rectangular sections of dimensions b
by h/2, with constant E, may be considered.
Substituting the appropriate values into
equation 2, will yield the following expres-
sion for the effective stiffness:

_ Ebh’ bl [ ok.L, ]
¢ 48 16 loklL +AE

As k L, tends towards 0, the second term
tends towards 0 with the resultant EI_

being the same as two unconnected mem-
bers lying on top of one another. As k L,

El

Q)
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Figure 6 Equivalent spring system for four-member
composite

tends towards infinity the expession in
the brackets of the second term will tend
towards 1 with the effective El, tending
towards two members that are rigidly con-
nected, that is,

3
g = B
12

This spring model can be expanded to
three- and four-member composite sec-
tions, with the three member being repre-
sented by figure 5 and a four member by
figure 6.

NAIL STIFFNESS

So as not to do unnecessary testing, it

was decided to use the Eurocode 5 (1995)
nail-stiffness formulation, Section 7,
Serviceability limit-states. The nail stiff-
ness is written in terms of the diameter of
the nail and the density of the timber. This
formulation takes creep of the joint into
account and can be seen as a long duration
loaded stiffness. For nails without pre-drill-
ing, k, is given by:

I.SdO.S
po=Pal

30
Where

k, = nail stiffness in KN/m or N/mm

d = diameter of the nail in mm

p,, = the density of the timber in kg/m?
The South African timber truss indus-
try generally uses two nail lengths and
diameters which are in accordance with

SANS 1082(2002), namely 75 mm long by

3,5 mm diameter and 100 mm long by 4 mm
diameter. The density of the timber used lies

Journal of the South African Institution of Civil Engineering

—5 83 MPa

+2,27 MPa

-2,27 MPa\

+5, 83 MPa

Figure 7 Stress distribution for two-ply member example
with full shear transfer

between 360 kg/m?® and 500 kg/m?*. A den-
sity of 450 kg/m® was assumed in this paper.
The long-term stiffness of the nails can be
taken as 866 kN/m and 965 kN/m for the
75 mm and 100 mm long nails respectively.

Sample calculations

Two-ply member

Assume that two 36 x 111 mm grade 5
members, spanning 1,5 m, are nailed
together with 75 mm nails spaced so that
full shear is transferred. A central point
load of 1,2 kN is applied to the beam so
that a bending stress of 4,69 MPa is induced
in the outer fibres of the full theoretical
solid section. A 3,5 mm diameter nail can
transfer 0,26 kN in shear and as the shear
flow is 12,5 N/mm the spacing of the nails
will be about 20 mm for full shear transfer.
The bending moment = 0,45 kN.m. The
modulus of elasticity of the timber is given
as 7 800 MPa in SANS 10163 (2004). The
transfer length is span/2, that is, 750 mm,
and there will be 38 nails in the transfer
length, L,. e, is the factor for the force
transfer. The force transfer is assumed to
be triangular and w, will, in that case, be
0,5. The nail stiffness is k. = 866 KN/m.

As the members are going to move in
opposite directions and one is working on
the interface, the nail stiffness doubles to
1732 kKN/m.

AE, =31,17 MN

1

AE, =31,17 MN

2

El,  =3,366 kN.m?

El, =3,366 kN.m?
Y, =54 mm
Y, =18 mm

okl =05x38x1732x0,75
= 24,681 MN

The transformed axial stiffness of the mem-
bers is given by K, and K,
kL XAE
K, =Lt
! ok L +AE
_ 24,681x31,17
24,681 +31,17
= 13,774 MN

ok L XAE
z okL, +AE
_ 24,681x31,17

24,681 +31,17
= 13,774 MN

y _ Ky, +K,y,
K, +K,
13,774%54 +13,774 X18
C 13,774+13774
=36 mm

The effective stiffness of the composite
member, El_ is:

El, =EL+EL+Ky +K,y;

El, =2x3366+13,774x10’
x (0,054 — 0,036)*+13,774x10°
% (0,018 —0,036)*

El, =15,66 kN.m?

A finite element analysis, which will be dis-
cussed later, gives a stiffness of 15,19 kN.m?2,

The bending moment carried by the top
member is then:

Mx(EL +K,y)
EI

_ 0,45%(3,366 +13,774x10°x 0,018”)
15,66

Mtop = 0,225 kN.m. The moment carried

Mm XEII
—~L—— =0,097 kN.m.

in bending = -
El +K )y,

The moment carried in axial force
=0,225-0,097 = 0,128 kN.m. The

a)ual

. M
axial force, P = —24 =7 111 kN .

N
The stress in the top member:

P M
c = —*—
A Z

_ =7,111x10° . 0,097 x10° x6

36111~ 111x36*

= -1,780 +4,046 MPa

Even though one has designed for full
shear transfer, the bending stress in the top
member will be -5,83 MPa at the top and
+2,27 MPa at the bottom (compression nega-
tive, tension positive). This stress distribu-
tion is shown in figure 7.

The effective stiffness of the composite
section, El, = 15,66 kN.m?, that is con-
nected by means of flexible connectors
is substantially lower than that of a full
111 mm x 72 mm section, which is equal to
26,93 kN.m2.

The highest stiffness that the nails can
achieve in the long term is 15,66 kN.m?2,
which is 58 % of that of the full section.
For short term loading the stiffness of the
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nail is in the region of 1 443 kN/m and the
effective EI will in that case be equal to
18,21 KN.m?, which still falls short of the
full section stiffness.

An alternative method of calculating the
effective El of a two-ply member, as in the
example above is as follows.

Add the spring to the one member
only and transform the stiffness of the
member accordingly. The nail has a stiffness
of 866 kN/m.

AE, =3117 MN
AE, =3117 MN
El,  =3,366 kN.m?

EIl,  =3366 kN.m?

Y, =54 mm
Y, =18 mm

okL, =05x38x866x0,75
= 12,340 MN

_ ok L XAE

L okl +AE
12,340x31,17
12,340 +31,17

= 8,8405 MN

_ Ky, +AEy,
K, +K,
_ 8,8405x54 +31,17 x18
8,8405+31,17

= 25,95 mm

El, =EL+EL+Ky; +K,y)

El, =2x3,366+8,8405x10°
% (0,054 —0,02595)" + 31,17 x10°
% (0,018 —=0,02595)

El, =15,66 kN.m?

Three-ply member

Assume that three 36 mm x 111 mm grade 5
members, spanning 1,8 m, are nailed togeth-
er with 75 mm nails spaced at 150 mm apart
on the one side and at 75 mm apart on the
other. The transfer length is 0,9 m and there
will be six nails in the transfer length, L,
and 12 on the other. w, is the factor for the
force transfer and is equal to 0,5. As the top
member and the top of the central member
move in the same direction, the nail stiffness
k, remains equal to 866 kN/m.

AE, =31,17 MN

1

AE, =31,17 MN

2

AE, =31,17 MN

El, =3,366 kN.m?
El, =3,366 kN.m?
El, =3,366 kN.m?
A =90 mm,
Y, =54 mm,
A =18 mm

okl

st

=0,5x6x866 x0,90
= 2,338 MN

okl

fisTt2

=0,5x12x 866 x 0,90
= 4,676 MN
ok L, XAE

K - stl
kL, +AE
_ 2,338x3L17
2,338 +31,17

2,175 MN

_ kL, XAE

okL, +AE
_ 4,676x31,17
467643117
= 4,066 MN
_ Ky, +AEy, +Kyy,

K, + AE, +K,
2,175%90 +31,17%x54 +4,066x18
2,175+ 31,17 +4,066

=52,18 mm

The effective stiffness of the composite
member El, is:

El, = Elzl +El, 2+E13+ K,y + AE,x
¥y +Kyy;

El, =3%3,366+2,175x10’
% (0,090 —0,0522)* + 31,17 x10°
% (0,054 —0,0522)* + 4,066x 10°
x (0,018—-0,0522)

El, =186 kN.m?

A finite element analysis, which will be dis-
cussed later, gives a stiffness of 17,53 kN.m2.

El of the equivalent solid section =
90,89 kN.m2which is five times the stiffness
of the nailed-together section.

Four-ply member

When analysing four-ply members one
should first analyse the outer members as
two connected plies and then analyse the
connection of these two members to give the
result for the four-ply member.

The current method of connecting mul-
tiple-ply trusses together is by means of
100 mm nails and the following will be used
to illustrate the method. Assume four 36 x
111 mm members that are nailed together
with 100 mm long nails and which will
span 3,0 m.

The first two are nailed together and the
nails clinched. The next ply is added and the
nail would then penetrate all three members.
The last ply is added and the nails would
penetrate the top three plies. If the nails are
spaced at 150 mm, then between plies 1
and 2 and 2 and 3, the spacing is effectively
75 mm and between 3 and 4, 150 mm.

The nail stiffness k. = 965 KN/m.o, is
the factor for the force transfer and is equal
to 0,5. The transfer length is 1,500 m and

there will be 20 and 10 nails when spaced at
75 mm and 150 mm respectively.

AE, =31,17 MN

AE: = 31,17 MN

AE, =31,17 MN

AE, =31,17 MN

El, =3,366kN.m?

El, =3,366 kN.m?

El, =3,366 kN.m?

El, =3,366 kN.m?

okL,,=05x20x965x 1,5
= 14,475 MN

oklL,.=05x20x965x1,5
= 14,475 MN

okL,=05x10x965x 1,5
= 7,237 MN

Members 1 and 2 combined:
_ cojksLllz X AE
b wkl, +AE
_ 14,475x31,17
14,475+ 31,17
=9,885 MN
_okL,XAE
kL, +AE
_ 14,475x3117
14,475+ 31,17
=9,885 MN
_ Ky +Ky,
K, +K,
_9,885%126 +9,885 x90

9,885 +9,885
=108 mm

K

~

El, =EI +EL +Ky; +K,y)

El, =2Xx3366+9,885x10’
% (0,126 —0,108)* + 9,885x10°
% (0,90 —0,108)*

El,, =13,137 kN.m? (about the neutral axis
of 1 and 2 combined)

Members 3 and 4 combined:
_ okl XAE
kL, +AE
_ 7,237x3117
723743117
= 5,873 MN

_ ok L., XAE
okl +AE
_ 7,237x3117
723743117
= 5,873 MN

K

3

- Ky +Kyy,

K, +K,
_9,885x54 +9,885 x18
©9,885+9,885
=36 mm
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Table 1 Comparison between the various methods for a two-ply web member

Effective stiffness of two-ply member, kN.m?

1,5 m length 1,8 m length 2,4 m length 3,0 m length
Nails at 150 mm Nails at 300 mm Nails at 150 mm Nails at 300 mm Nails at 150 mm Nails at 300 mm Nails at 150 mm Nails at 300 mm
Spring 8,64 7,73 9,37 8,14 10,99 9,11 12,67 10,22
Shell 8,63 7,87 9,25 8,25 10,64 9,10 12,11 10,07
Beam 8,51 7,75 9,15 8,17 10,55 9,03 12,02 9,99

Table 2 Individual nail stiffness values Table 3 Individual modulus of elasticity for test specimens

Specimen Stiffness kN/m Specimen MOE (MPa)

= 215,44 kKN.m?

rigid connection

1 172148 1 16 256 The highest section stiffness that one could
2 985,06 ) 13 963 expect with the currently proposed method
3 118349 of nailing multiple-ply trusses together is
2 176804 8 8 081 20 % of the full section stiffness.
4 13 839
5 1740,89 e .
Structural software verification
6 151754 S 17871 :
' of spring model
8 1764,09 6 12912 Prokon is a suite of structural engineering
9 1 049,13 7 4820 programs that is available in South Africa
11 165847 3 11 923 at a reasonable price and has shown to give
13 787,80 reliable solutions when used to solve struc-
, 9 9286 . .
tural systems. The possible methods of veri-
15 1174,73 . . .
10 6484 fying the spring model using Prokon were
16 1319,82 11 7824 considered:
v 556,27 » 12908 | Solid timber elements connected by
18 1 395,59 means of springs with the same stiffness
19 1853,12 13 11139 as the connectors
20 1 243,07 14 5960 B Timber shell elements connected by
P 135741 15 9259 means of springs with the same stiffness
- - as the connectors
AR RS s 16 11894 m Timber beam elements connected by
17 6733 beams with the same stiffness as the
El,, = EIL +EL +K;y; +K,y; 18 7693 connectors _
Of the three available methods the solid
El,, =2x3,366+5,873x10’ 19 8274 elements proved unacceptable as they gave
x (0,054 —0,036)* +5,873x10° 20 17 295 incorrect stiffness for a single member in
%(0,018-0,036)" Mean 10 721 bending. For instance, the solid elements
Standard deviation e overestimated the stiffness of a 1,5 m long,
El,, =10,54 KN.m? 36 mm x 111 mm grade 5 plank, subjected
Koy +K to central point loading by 36 %. This may
The two sections are now connected by y = LYo T 500 be due to the author using the incorrect

Klz +K34
_ 11747x108,+8 356 36
11,747 +8,356
= 78,07

dimensional ratios for the elements. Beam
and shell elements, however, gave the
correct stiffness for single boards and it
was decided to use the shell elements as

the spring 2 to 3. The transformed axial
stiffness of the members 1 and 2 is K, + K,
=(9,885 + 9,885) MN = 19,770 MN. The
transformed axial stiffness of the members

3and 4is K, + K, = (5,873 + 5,873) MN =
11,746 kN.

Because of the spring between members
2 and 3 the axial stiffness of the combined

The effective stiffness of the composite

member, El_ is:

a method of verifying the spring model,
as the input is acceptably simple and the
results show how the individual plies
move relative to one another. The shell

member 1,2 is transformed once again. El  =EI, +EL, +K,,yi, +K,, v,
Remember that the two sections move in

opposite directions as in the case of the two- | El
ply member, so the stiffness of the connec-

tion should be doubled:

elements may also be used to illustrate
the distribution of the stresses in the
individual plies.

When using solid beam elements to
determine the stiffness of a composite mem-
ber, the stiffness of the nail can be modelled

=13,137+10,538 +11,747 x10’
x (0,108 —0,07807)* + 8,356 x10°
x (0,036 —0,07807)°

ok Ly, x(K, +K,)
kL, +(K, +K,)

_28,950%19,770

28,950 +19,770

= 11,747 MN

12

_ ok L, X(K; +K,)
B kL, +(K; +K,)
_28,950%11,746
28,950 +11746

= 8,356 MN

34

El, =4899 kN.m?
The finite element method gives a stiffness
of 45,84 kN.m?, which differs from the
spring model value by 7 %.

Compare this to the effective stiffness if
no nails are present and when a rigid con-
nection is assumed.

El =4 x 3,366

no nails

= 13,46 KN.m?

by using an equivalent beam element, which
is fixed at both ends, with a bending stiff-

ness that is calculated as follows:

12E1

——0 =k-§ so that the equivalent beam

L
stiffness EI

3

Where L is the distance between the cen-
trelines of the members, that is, 36 mm in

this case.
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Table 4 Stiffness of combined members that have been joined by means of nails
Theoretical El (kN.m?) with

Theoretical El (kN.m?) with

Specimen combination Meif\j”r:ﬂ = average nail stiffness, that high nail stiffness, that is, With rigiiﬁlcrg?nection
: is, 1 357 kN/m 1 853 kKN/m :
1&16 22,34 17,89 19,70 32,2
2&9 20,90 15,62 17,09 26,3
3&13 14,50 13,73 14,95 22,0
4 & 20 23,53 19,25 21,26 39,6
5&6 21,92 19,00 20,96 352
11 & 18 12,80 11,87 12,86 18,1
7&17 9,57 9,42 10,07 13,6
8&19 16,99 14,18 15,47 25,0
15& 14 12,97 11,50 12,41 171
10 & 12 19,47 13,42 14,54 20,8

Table 1 was drawn up assuming 111 mm
x 36 mm grade 5 members with 75 mm
nails and compares the spring model stiff-
ness with the shell element and the beam
element values for a two ply member.

Similar tables can be obtained for three-
and four-ply members with the maximum
difference in stiffness between the spring
model and the finite element shell analysis
being in the region of 7 %.

Comparison with spaced column

design in Ozelton and Baird (1982)
Ozelton and Baird (1982) describe a method
whereby a nailed spaced column may be
designed. For a nailed column without spac-
er blocks the effective width is give as 2B
and the effective length must be multiplied
by a factor of 1,8. The force that is trans-
ferred by the nails must be a minimum of
1,5P/n, where n is the number of plies. For a
1,5 m long two-ply 36 mm x 111 mm grade
5 member that is to carry the maximum
load, 1,8 x L/b = 37,5 with a permissible
stress of 1,89 MPa and a resultant load of
15,104 kN. The force to be carried by

the nails is = =11,328 kN. The

1,5%15,104
2

number of nails required = 51 with a

spacing of 30 mm. The effective stiffness

El = 8,31 kN.m?and the effective b = 48 mm.

The spring model gives an effective
El = 13,65 kN.m? which is equal to an
effective b = 57 mm. The Le/b ratio is then
1500/57 = 26,3. The Euler buckling force
is 59,9 kN or if one calculates the allowable
force, effective b = 57 mm, Le/b = 26,3 with
an allowable stress of 3,57 MPa. The allow-
able force is = 28,53 kN.

A buckling analysis using beam elements
gives a buckling load of 59,6 kN, which
translates into an effective EI = 13,59 kN.m?
with an effective b of 57 mm. It appears that
the method in Ozelton and Baird (1982) may
be conservative in the design approach of
nailed together members.

EXPERIMENTAL VERIFICATION OF THE
NAIL STIFFNESS AND THE COMPOSITE
MODEL STIFFNESS PREDICTION

Nail stiffness tests

Test setup
Twenty specimens, using 75 mm long nails,
were tested in shear using timber with a
similar density profile to the timber used
in the bending tests. Load versus deflection
curves were obtained and the stiffness of the
nail was determined from the linear portion
of the curve. Table 3 gives the individual test
results, which can then be compared to the
Eurocode 5 (1995) values. The Eurocode 5
(1995) values are long-duration values and
if the average value in table 3 is divided by
1,5 one obtains a value very similar to the
866 kN/m given in the Eurocode 5 (1995).
High stiffness values were found in the
more dense timber and one must bear this
in mind when comparing test values to
theoretical values.

Individual board stiffness

Test setup
Twenty grade 5 SA pine 75 mm x 36 mm x
2 500 mm long members, with an estimated
mean modulus of elasticity of 7 800 MPa,
were used. These were measured for density
and modulus of elasticity.

Modulus of elasticity was determined
by applying static loads. All members were
tested for bending on flat. A pre-load was
applied to eliminate any twisting of the
timber and to ensure that the supports were
properly seated. The load was increased and
the deflection measured at the centre. All
members were loaded and unloaded five
times and the average of the five measure-
ments was used to determine the modulus
of elasticity.

The following values were obtained for
the modulus of elasticity of each specimen.
These values were used to determine the

stiffness of a combined section. Note that
the mean modulus of elasticity is signifi-
cantly higher than the estimated value for
grade 5 SA pine.

It is recognised that the shear deflection
plays a small part in determining the stiff-
ness of the member. The loss in apparent
stiffness as a result of the shear deflection is
small when members are tested on flat and
is insignificant when one looks at the lack of
repeatability when measuring the MOE of a
given specimen.

Composite member tests

Test setup

The single members were combined by
nailing them together with 75 mm nails.
These were placed in a row along the cen-
tre of the members. It was estimated that
the nails have a short duration strength of
500 N and the timber a bending strength
of 5,1 MPa.

To calculate the number of nails, the
combined profile was estimated to be able to
carry a point load that would induce a stress
of 5,1 MPa. Total point load on the bending
member is equal to 615 N. The shear force

is equal to 308 N. Shear flow = q = L5V

= 6,406 N/mm. Spacing of the nails,
s= Strength of the nail _ 500 _ 78.1 mm
q 6,406
Nails were placed at 80 mm to simplify the
placing. Members were subjected to central
point loading and the modulus of elastic-
ity was determined in the same way as for
the single specimen. As was expected, the
apparent modulus of elasticity was less
than would be obtained if the two single
members were joined by means of a rigid
connection. The spring model was used to
predict the stiffness of the combined mem-
ber and the average nail stiffness as well as
the maximum nail stiffness was used in the
prediction model. Table 4 gives a summary
of the test values and the predicted values.
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The theoretical stiffness of members
joined with infinitely stiff connectors was
calculated using the stiffness of the indi-
vidual members.

The tests have been limited to deter-
mining nail stiffness and the stiffness of a
composite bending member comprising two
equally sized elements connected by nails,
firstly to see how the nail stiffness compares
to the nail stiffness values given in the
Eurocode 5 (1995) and secondly to verify
the prediction model.

CONCLUSION
Results from the theoretical spring model
and the finite element model compare well.
The test values and predicted values in table
4 show a larger difference. This could be
attributed to the friction at the interface of
the boards which would increase the stiff-
ness of the composite member. Under long-
term loading the friction would reduce as a
result of timber shrinkage and expansion.
The movement at the interface would reduce
the effective stiffness.

The stiffness predictions show that it is
extremely dangerous to assume full section

stiffness when flexible connectors are used
to obtain composite action. Not only can the
stiffness be much less than assumed, but the
stress in the individual elements can also be
higher than assumed. Even when the design
caters for full shear transfer, the stiffness of
nailed composite members, in the long term,
may be as low as 60 % of the solid section
stiffness. Further research and testing is
required to determine whether composite
compression members lose as much stiff-
ness as a result of slip between the elements
when compared to flexural members.

The method described in Ozelton and
Baird (1982), although giving conservative
stiffness values, does not give the option of
reducing the number of nails as one has to
design the nails for 75 % of the axial load.
The spring model and the finite element
beam model show that it is possible to use
less nails to obtain a similar stiffness com-
pared to that given in Ozelton and Baird
(1982).

The author suspects that the spring
model may be conservative when estimat-
ing the stiffness of composite compression
members. However, it is possible to use
the spring model to determine a conserva-

tive effective slenderness of compression
members that have been nailed together
using the standard nailing pattern used

by the truss industry in South Africa. This
would certainly ensure that the slenderness
is not underestimated and that the designs
should be safer.
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