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In the UK, the design procedure for calculating the racking strength of timber-framed walls is based on the rules

in Eurocode 5 and given in PD 6693-1. Currently, the PD method does not include a procedure for calculating racking
strength using the results from wall panel racking tests to BS EN 594. Under the Building Regulations (England
and Wales), BS 5268-6.1:1996, which was superseded by Eurocode 5, can still be used and this standard includes
a calculation method using test results from BS EN 594:1996. As BS EN 594:2011 uses a revised test procedure, it
has been found that the results are no longer compatible with the BS 5268-6.1 design procedure. This paper describes
an extensive experimental programme investigating the compatibility and suitability of the test method in
BS EN 594:2011 with the racking design method in BS 5268-6.1:1996. The test results have been analysed and

compared, and appropriate recommendations are made.

Notation

Frant racking strength load

F; racking load from the test cycle

Firr racking stiffness load

R racking stiffness of timber frame wall
Ry basic racking resistance

Vi racking displacement under F;

1. Introduction

Since the late 1980s the timber frame industry in the UK has
been designing wall panels using an empirical method largely
based on test results to derive the wall panel racking resistance.
Structural designers were provided, in the UK national stan-
dard BS 5268-6.1 (BSI, 1988; revised by BSI, 1996a), with a
permissible stress design procedure that was able be applied to
the design of wall panels constructed using particular sheathing
materials such that — providing the installation requirements
in the standard had been correctly followed — a basic racking
resistance value used to derive the panel racking strength could
be taken to apply. Where sheathing panels (wood based and

non-wood based) differed from those listed in the UK stan-
dard, testing was permitted to derive design data that then
enabled the racking resistance of such panels to be calculated
using the design procedure given in the standard. However, with
the introduction of the limit states Eurocodes, BS 5268-6.1
has been superseded and withdrawn by the British Standards
Institution (BSI) for structural timber design and replaced by
the requirements of Eurocode 5 (BSI, 2014).

Eurocode 5 provides two design methods for the determination
of the racking strength of timber-frame wall systems (referred
to in the code as wall diaphragms). The first (method A) was
developed to suit the construction procedure where racking
walls are fully anchored at their ends, which is a method com-
monly used in mainland Europe countries, but not in the UK.
The second (method B) was an attempt to convert the UK
racking procedure referred to in BS 5268-6.1, in which racking
walls are generally connected to support structure along their
lengths, to a limit states design procedure. However some im-
portant aspects of the UK method were omitted or incorrectly
interpreted by the codifiers in that process and this led to the
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development of a unified method by UK and European
researchers (Griffiths et al., 2005). The unified method was not
adopted for UK design but another method was developed
and included in PD 6693-1 (BSI, 2012a), and the UK
National Annex to Eurocode 5 (BSI, 2012b) requirement is
that the PD method should be used to derive racking resist-
ance rather than method B. This method models wall behav-
iour based on plastic theory, drawing on research by Kallsnér
and Girhammar (2004) as well as results from extensive wall
tests (Porteous and Kermani, 2013).

Independent of the development of the calculation method
in PD 6693-1 (BSI, 2012a), the standard used for the deri-
vation of racking strength and stiffness of timber frame wall
panels through testing, EN 594, was also revised and modified.
The test method was originally developed and included
in the timber structural design standard (BSI, 1988) and,
when the national standard was revised (BSI, 1996a), a specific
test standard, based on the original method, was adopted
as the European standard BS EN 594 (BSI, 1996b). This stan-
dard has since been further revised (BSI, 2011), introducing
significant changes in the test procedure. The loading cycle
requirement up to 40% of the failure load (which had been
introduced to be able to derive stiffness properties of the wall
panel at the stage when stability in load—-displacement behav-
iour under this load level would have been considered to have
been reached) has been removed and the overall test duration
has been greatly reduced. The revisions to this standard took
place at the time when BS 5268-6.1: 1996 was in the process
of being replaced by Eurocode 5 and it is to be questioned
that the linkage between the test procedure in BS EN 594:2011
and the racking design procedure in BS 5268-6.1:1996 was
considered in the revision process. It is also to be noted that
the racking strength method in PD 6693-1 is a design approach
that draws on the design rules in Eurocode 5 and, unlike the
racking procedure in BS 5268-6.1:1996, there is at present no
procedure for being able to use the results from racking wall
tests to BS EN 594 in the PD method to derive racking
strength. Where there is a requirement to derive the racking
strength of timber-framed wall panels from the results of rack-
ing tests, the only calculation method that will currently
permit this is the design procedure given in BS 5268-6.1 (BSI,
1988, 1996a).

The adoption of Eurocodes by the UK timber industry has
been slow, and, as BS 5268-6.1:1996 is still a design standard
accepted in England and Wales by the Building Regulations, it
is still acceptable to produce design calculations in accordance
with this standard. The timber frame industry is therefore in a
situation where, for various reasons, this standard is still being
used by designers to determine the racking strength of timber
frame wall systems. Consequently, design engineers request the
wood panel industry to test and categorise wall sheathing pro-
ducts to BS 5268-6.1:1996; however, because of the changes to
BS EN 594:2011, test results are consistently lower than those

obtained using the test procedure in BS EN 594:1996, leading
to panels failing to achieve the basic racking resistance values
given in BS 5268-6.1:1996.

To investigate this situation, an extensive experimental pro-
gramme was undertaken at the Centre for Timber Engineering
at Edinburgh Napier University to determine the compatibility
and suitability of the current racking test method given in
BS EN 594:2011 (BSI, 2011) with the structural design method
still used by engineers in the UK, detailed in BS 5268-6.1
(BSI, 1996a). The experimental programme included racking
tests on a variety of wood-based panels with different vertical
loadings, using both the 1996 and 2011 versions of BS EN 594
(BSI, 1996b, 2011). The test results are analysed, compared
and discussed in the following sections.

2. Test method evolution

The basic test panel used for a racking test has not changed
throughout the code revision and evolution process. It is a
2:40 m by 2-40 m timber frame with evenly spaced studs on
which typical 24 m by 12 m panels are fixed, as shown in
Figure 1. These dimensions were used as they were the stan-
dard wall panel dimensions when the test method was first
developed and allow the use of standard sheathing panels. The
racking deflection of the wall panel is calculated as the displace-
ment at position #1 minus the displacement at position #2.

The initial test method for the determination of the racking
strength and stiffness of a timber frame wall panel was devel-
oped by Griffiths (1987) at the University of Surrey as part
of his PhD work to derive a procedure for calculating a wall
panel racking strength. From his extensive research, the British
Standard test method and the design method for determining
racking resistance were derived. The test method was divided
into a stiffness test followed by a strength test. Following a
racking preload causing a deflection of 0-0005 x wall panel
height, the stiffness test included applying a racking load up to
a deflection of 0-002 x wall panel height, reaching the deflec-
tion within 4-10 min, and the racking load was then removed.
This loading cycle was repeated four times and on the fourth
cycle the racking load was increased until failure of the wall
system, ensuring that the racking deflection did not exceed
15 mm every 5 min. Each wall panel test required about
50-65 min to completion. From the test, a racking stiffness
load and a racking strength load were determined.

In the development of the stiffness behaviour of the wall
panel it was found that panel behaviour stiffened under cyclic
lateral loading and it was concluded that four load cycles
should be used for the standard test, by which time a stable
cycle would have been reached, or would be close to being
reached. It was also noted that the testing regime should con-
centrate on the initial stiffness of wall panels as this was likely
to be the governing factor in the majority of design cases
(Griffiths, 1987).
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Figure 1. Racking test timber frame panel with dimensions
(in mm) and setup with racking and vertical loads and
position of displacement measurements
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Figure 2. BS EN 594:1996 racking test load cycle

In the next revision of the British Standard, the racking test cycle required under this revision is shown in Figure 2.
method was detailed in a specific European standard, EN 594 The main change from 1988 was that an estimated racking
(BSI, 1996b). The principle of the test from the original test load (Fiaxest) Was required and the stiffness test was reduced
method was retained but the overall test cycle for a wall panel to effectively two load cycles as opposed to four in the original
was reduced in order to shorten the test duration. The full test test requirement. However, this change did not warrant any
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change to the procedure that was used to derive the racking
strength of the wall.

From the EN 594:1996 test procedure, a racking stiffness and
racking strength load is determined. The racking stiffness
(R, in N/mm) is determined from

1 (F04 —For | Fq — le)

Vo4 — Vo1 V24 — V21

where F; is the racking load from the test load cycle (in N) and
v; is the racking displacement under F; (in mm).

The 2011 revision of BS EN 594 (BSI, 2011) is stated to have
been undertaken to increase the scope for more types of panel
and to allow a more straightforward comparison between
results of different panels. It was considerably modified, result-
ing in the removal of the stiffness cycle procedure as well as a
significant reduction in the test duration. The requirement is
to undertake a stabilising load cycle, where a vertical load of
1 kN is applied to the studs for a period of 120 s, then, follow-
ing a recovery period of 600+ 300 s, the strength test is con-
ducted as shown in Figure 3.

The main modifications applied to the test method as
approved in 2011 were the exclusion of the stiffness load cycle
procedure as part the test and the method of calculation of the
racking stiffness (Equation 2). The racking stiffness is derived
from the strength test and calculated by taking load and
deflection results from the test between 20% and 40% of the
maximum load when it was previously between 10% and 40%
of the maximum load. Also, from the original test method to
the current procedure, the test duration was reduced from
about an hour to one requiring that 90% of the racking load

—~

v

Va Vg V1o v

Figure 3. BS EN 594:2011 load versus displacement test
procedure (adapted from BSI, 2011)

should be reached within 300 £ 120 s.
> R (F4 - Fz>
V4 — V2

In Equation 2, again, F; represents the racking load from the
test load cycle (in N) and v; is the racking displacement under
F; (in mm).

The modifications, including the exclusion of the stiffness load
cycle procedure and the changes in the stiffness calculation
method, have significantly altered the input values to be used
in the determination of the racking performance of the timber
frame panels and, as stated previously, it is to be questioned
that the effects of such changes on design values used to derive
racking strength have been fully evaluated.

3. Racking resistance of walls

From his investigations into the racking behaviour of timber
frame walls, Griffiths (1987) derived a method for calculating
the racking resistance of such walls, which was codified
and incorporated in BS 5268-6.1:1988. The codified procedure
enabled the racking resistance of a timber frame wall system
to be determined by either an ‘assessment method’, using a cal-
culation procedure incorporating strength behaviour derived
from test evidence, or by load testing. Both methods are
based on the use of a ‘basic racking resistance’ (Ry,), which is
modified by other factors to derive the racking strength value.

In the assessment method, the basic racking resistance values
of some materials had been derived by Griffiths from test
results and incorporated into the code, as shown in Table 1.
For a timber wall frame constructed using a board material
listed in Table 1, the associated basic racking resistance value
to be used to derive the design racking strength is modified
by various factors that include nail diameter, nail spacing,
sheathing thickness, wall height, openings in the frame and
wall length.

For the load testing method, the design racking strength is
derived as above but using a basic racking resistance obtained
from the results of a number of tests performed in accordance
with section 5 of BS 5268-6.1:1988, or, for the subsequent revi-
sion of this standard (BS 5268-6.1:1996), using BS EN 594 test
results. The basic racking resistance is calculated as follows.

Determination of the racking stiffness load (Fysr, in kN) is by
means of

3. Fyr = R x 0:002 x Hyp x 1:25 X Kjgo

where R is the average racking stiffness loads of similar panels
(in kN/mm), H,,, is the wall panel height (in mm) and K9 is
a modification factor to account for the number of similar
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Additional contribution of
secondary board on timber
frame wall: kN/m

Racking
resistance:  Category 2 or  Category 1

Primary board material Fixing kN/m 3 materials material
Category 1 materials 3-00 mm diameter wire nails at least 1-68 0-28 0-84

9-5 mm plywood 50 mm long, maximum spacing 150 mm

9-0 mm medium board on perimeter, 300 mm internal

12-0 mm chipboard (type

C3M, C4M or C5)

6-:0 mm tempered hardboard

9-0 mm OSB/3
Category 2 materials 3-00 mm diameter wire nails at least 0-9 0-45 1-06

12-5 mm bitumen-
impregnated insulation board
Separating wall of minimum
30 mm plasterboard
(in two or more layers)

50 mm long, maximum spacing
75 mm on perimeter, 150 mm internal
Each layer should be individually fixed with 0-9 0-45 1-06
2-65 mm diameter plasterboard nails at
150 mm spacings, nails for the outermost layer

should be at least 60 mm long

Category 3 materials
12-5 mm plasterboard

Table 1. Basic racking resistance for a range of materials and
combination of materials (BS 5268-6.1:1988 (BSI, 1988) and
BS 5268-6.1:1996 (BSI, 1996a))

2-65 mm diameter plasterboard nails at least 0-9 0-45 1-06
40 mm long, maximum spacing 150 mm

panels tested under the same conditions: for example, for
one test Kigo =0-8, for three tests Kjo9=0-93 and for five tests
Kl()g =1-0.

The racking strength load (Ff,;;, in kN) is determined from

Fmax,min X K109

4. Fpy= FoS

where Frax min 15 the lowest failure (or maximum) racking load
achieved during the tests of similar panels (in kN) and FoS
is a factor of safety for the type of sheathing or sheathing
combination: for any material or combination of two materials
that includes plasterboard, FoS =24, and for any material or
combination of two materials that excludes plasterboard,
FoS=1-6.

The basic racking resistance (Rp, in kKN/m) is then calculated
from

min{ Fyir; Frail }
5. Ry=—F+—1——
b 24K,

where K1, is a modification factor to account for vertical load-
ing on the studs: for example, for no vertical load K;;; =10,

for a load of 1 kN/stud K;;; =118, for 2-5 kN/stud K;;; =143
and for 5 kN/stud K, =1-77.

As can be seen from the above, the determination of the test
racking stiffness can have a direct effect on the determination
of the basic racking strength and consequently on the design
racking resistance of a timber frame wall. Therefore, any
modifications in the test method or calculation method of the
racking stiffness that will influence stiffness behaviour have the
potential to affect the racking design strength of a panel.

4. Experimental programme and results

4.1 Test setup and programme

An extensive experimental programme was conducted at the
Centre for Timber Engineering at Edinburgh Napier University
on a range of OSB/3 panels, manufactured by Smartply Europe
in Ireland, in order to evaluate the racking performance of
timber frame panels when tested to the 1996 and 2011 versions
of BS EN 594 (BSI, 1996b, 2011). The tests on timber frame
wall panels consisted of a series of predetermined geometri-
cally configured walls of 2-4 m x 2-4 m in size comprising a
range of OSB/3 panels of varying thicknesses, fixed to one side
only of the timber framing. The wall framing was studs/timber
sections of 45 x 90 mm or 38 x 89 mm C16 timbers (covering
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Table 2. Experimental test programme and results

the range of breadth used in wall construction) and the panels
were fixed using 3-0 mm round wire nails, 50 mm long, with
nailing density/patterns of 150/300 around the perimeter and
at internal studs, as detailed in Table 2.

The wall panels were tested in an upright position, as shown in
Figure 4. The bottom rail was connected to the test bed using
four M12 x 150 mm long bolts. Lateral restraints (to prevent
lateral distortion) were provided by means of two pairs of
rollers at the top plate (header level) which permitted free in-
plane movement of the wall both in the vertical and horizontal
directions.

Loads were applied using two separate loading systems.

m The racking load was applied by a horizontal jack
connected to an automatic/computerised loading and
data acquisition system that followed a pre-programmed
loading procedure based on either BS EN 594:1996 or
BS EN 594:2011, as appropriate.

m The vertical loading, when used, was applied through an
air bag pressurised to provide a constant 25 kN uniformly
distributed loading (UDL), which in turn was transferred
to the head binder at stud positions as point loads,
through rollers.

Displacement transducers were used to record the horizontal
movement of the walls at the leeward base (point #2) and the
header levels (point #1) and the vertical uplift of the lead
stud, including any movement of the sole plate at this position,
on the loaded side of the wall (point #3).

For tests to BS EN 594:2011 (BSI, 2011), a stabilising UDL
vertical load of 5 kN (in total) was applied through the air bag
to the head binder at the stud positions and maintained for
120 s. The load was then removed and the panel was allowed
to recover for a period of 600 s before the strength test was
carried out. For walls under vertical loading, a constant UDL
vertical load of 25 kN was applied through the air bag to the
head binder at the stud positions and maintained throughout
the racking test. The horizontal racking load was then applied
at a steady rate in which 90% of the maximum load was
reached within 300 + 120 s.

For tests to BS EN 594:1996 (BSI, 1996b), the test procedure
followed that described in section 6.4 of the standard, with the
test loading applied as illustrated in Figure 2.

4.2  Test results

The results of all the tests are presented in Table 2 and the
racking stiffness (R) was calculated as recommended for the
relevant test standard used. Guidance is given in BS 5268-6.1
(BSI, 1988, 1996a) on how to calculate the racking stiffness
load (Fg;r), racking strength load (Fp,;) and the basic racking
resistance (Rp) and the calculated values of these functions
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Figure 4. Racking test panel with vertical loads

Pressurised air bag

Displacement point #1
Point-load rollers

Racking load

Displacement point #3

Displacement point #2

are also given in Table 2 for the walls tested in accordance
with the requirements of BS EN 594:1996 (BSI, 1996b) or
BS EN 594:2011 (BSI, 2011) where appropriate. The failure
behaviour of all wall panels was recorded as recommended in
the test standard and ductile failure behaviour was observed in
all instances.

The results show that, for all tests undertaken in accordance
with BS EN 594:1996, R, for the sheathing panel material
used exceeds the value of 1-68 given in BS 5268-6.1 (BSI,
1996a). However, for the wall panels tested using the same
panel material type but in accordance with BS EN 594:2011
and analysed using the method given in BS 5268-6.1, no wall
panel achieved the category 1 requirements as defined in
BS 5268-6.1 and shown in Table 1. It is also to be noted that,
apart from test 2, the critical design condition was always due
to stiffness rather than strength behaviour.

5. Analysis and discussion

The results of the experimental programme show there is a
clear difference in the basic racking resistance for the same
wood-based panels when tested to the two different versions
of the European standard BS EN 594 (BSI, 1996b, 2011). As
stated in Section 2, with the reduction in the test duration from
about an hour to requiring the test to be completed within
300£ 120 s, as well as the exclusion of the stiffness load cycle
and the changes in the stiffness calculation method, when
using BS EN 594:2011 there are likely to be consequences on
panel behaviour and this was shown to be the case by the test
results.

From the test results, a comparison of the strength at failure
and stiffness at the serviceability condition between identical
wall panels tested to BS EN 594:1996 and to BS EN 594:2011
is shown in Figure 5. For strength behaviour, as shown in
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Figure 5. Comparison of racking stiffness (a) and load (b) for
identical wall panels tested under different test procedures
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BS EN 594:2011 BS EN 594:1996 Variation: %

Test 1 Test 2
Frax: kN 20-22 20-13 -0-4
R: N/mm 1252-40 228115 82-1
R1: N/mm — 1899-51 517
Ry: N/mm — 266278 1126
Test 3 Test 4
Frax: kN 13-41 13-60 1-5
R: N/mm 597-15 876-36 319
R1: N/mm — 706-02 182
Ry: N/mm — 1046-70 753
Test 5 Test 6
Frax: kN 20-40 21-89 6-8
R: N/mm 1068-17 182816 416
Ri: N/mm — 1556-68 457
Ry: N/mm — 2002-02 87-4
Test 7 Test 8
Frax: kN 20-78 20-76 -0-1
R: N/mm 1207-24 1975-96 389
R1: N/mm — 1539-96 276
Ry: N/mm — 2411-95 99-8
Test 9 Test 10
Frax: kN 12-76 10-52 =214
R: N/mm 650-60 1059-50 386
R1: N/mm — 959-68 475
Ry: N/mm — 1159-33 782

Table 3. Result variations between panels tested under different
test procedures

Figure 5(b), the racking strength load is similar for both test
procedures and for the walls tested there was an average vari-
ation between results of just —2-7%. The revised test procedure
appears to have no significant effect on the failure strength of
a wall panel.

For stiffness behaviour, however, shown in Figure 5(a), there is
a clear difference between the results of the wall panels tested
under the two procedures. Tests to BS EN 594:1996 consist-
ently resulted in stiffness values greater than those derived
from BS EN 594:2011; on average, the stiffness was over 46-6%
greater than the stiffness of identical wall panels tested to
BS EN 594:2011.

The results of wall panels tested under similar loading but to
the 1996 and the 2011 test procedures of BS EN 594 are com-
pared in Table 3. The variation, in percentage terms, between
the maximum racking loads (F.x) and between the racking
stiffness values (R) for the respective test procedures have been
calculated. In addition, for those panels tested in accordance
with the BS EN 594:1996 procedures, Table 3 also includes
the stiffness results for each of the two load cycles defined
in Figure 2. These are referred to as R, and R,, which were

calculated using

Fos — K
6. R — {u}
Vo4 — Vo1
oy —
7. Ry= { 24 le}
V4 — V21

Table 3 compares the strength and stiffness values of the
tests illustrated in Figure 5 and, in addition, also shows that
the stiffness calculated as part of the strength test described
in Figure 2 (R,) is consistently higher than the stiffness cal-
culated as part of the stiffness cycle (R,). The stiffness increase
ranges from 21% to 57% with an average value 39%. This
demonstrates that wall panels subjected to cyclic loading
up to 40% of the failure load (i.e. within the serviceability
limit state) will stiffen up under repeated racking loading
and this was the behaviour that Griffiths (1987) took into
account when developing the original test procedure for
racking walls incorporated into BS 5268-6.1:1996 (BSI,
1996a). By deleting the load cycling procedure, the stiffness
will be reduced and this is clearly demonstrated from the test
results.

However, the variation between stiffness results to
BS EN 594:1996 (BSI, 1996b) and BS EN 594:2011 (BSI,
2011) may not be fully attributed to the difference in the
number of test cycles. It is anticipated that the initial settling
vertical load of 1 kIN/stud does not eliminate any slack in the
plane of the wall panel and therefore has only limited effect
on the initial stiffness result. It is therefore considered that the
rate of loading and stiffness calculation method between 20%
and 40% of the maximum load play a part in reducing the
stiffness values compared with tests to BS EN 594:1996.
As the test programme did not include any tests with varying
loading rates, only the stiffness calculation method is evaluated
here.

To further compare the effect of the different procedures,
a stiffness value was calculated between 10% and 40% of
the maximum load for all tests to BS EN 594:2011 and, from
the initial stiffness, the new stiffness calculated was on average
11-5% greater. This is shown on Figure 5 as the ‘modified’
stiffness values. However, this method of calculation of the
stiffness according to BS EN 594:2011 still does not compare
with the results obtained when using BS EN 594:1996.

A significant issue affecting these results is how the value of
the racking stiffness load (F;er) is calculated. The stiffness test
procedure in BS EN 594:1996 involves more than one load
cycle and to convert this frequency of loading to an equivalent
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Test Ry Rip Increase: % Test Respective Ry, values  Ratio of respective Ry, values
1 1-49 1-78 19-6 2,1 2-49, 178 1-40
3 1-39 1-67 19-9 4,3 2-04, 1-67 1-22
5 14 1-68 20-3 6, 5 2-40, 1-68 1-43
7 1-58 1-9 204 8,7 2-60, 1-90 1-37
9 14 1-68 20-1 10, 9 2-46, 1-68 1-46

Table 4. Comparison of R, and Ry, values from Table 2

Table 5. Comparison of the ratio of Ry, values for similar tests

once in 50 year wind return period single cycle condition,
required for the derivation of the racking stiffness load, a
factor of 1-25 is applied. The 1-25 factor is shown in Equation 3
(Griftiths, 1987). In the BS EN 594:2011 test procedure there
is no stiffness load cycling and so for tests to this standard the
use of this factor is not appropriate. The racking stiffness load
at a deformation of 0-003 x the wall panel height (Fy;s) will be
derived from R x 0-003 x wall panel height and this relation-
ship was used to derive this load for the test results from
the BS EN 594:2011 test procedure. The racking stiffness load
calculated on this basis for these tests is given in the column
headed Figr in Table 2, together with the racking stiffness
loads for those tests undertaken using the BS EN 594:1996 test
procedure and calculated in accordance with the requirements
of BS 5268-6.1 (BSI, 1996a). The value of the basic racking
resistance derived from the Fp,; and Figir values calculated in
accordance with the requirements of Equation 5 are given in
the column headed R, in Table 2. A comparison of the basic
racking resistance values for the tests carried out using the
BS EN 594:2011 test procedure and derived using the above
approach with those derived using the BS 5268-6.1 (BSI,
1996a) requirement is given in Table 4 and this shows that the
average increase in the value is 20-1%.

To confirm the revised value derived for the racking stiff-
ness load would not exceed the deflection limit of 7-2 mm (i.e.
0-003 x 2-4 m), the deflection behaviour of each wall panel at
its racking stiffness load was checked and shown to be less
than this value. As a further check, the racking strength stift-
ness used in the derivation of R, for each test reference was
compared with the equivalent test stiffness derived on a conser-
vative basis by using the test load at a deformation of 7-2 mm;
in all instances the stiffness value was less than the equivalent
value obtained from the test.

Comparing the value of the basic racking resistance (R;p) for
wall panel tests having the same configuration but tested under
BS EN 594 2011 and 1996 regimes, the ratios of the respective
test values are listed in Table 5. From these results, the average
increase in value is approximately 37%, which gives an indi-
cation of the possible effect of the removal of the cyclic loading
regime and the overall test period reduction associated with
the 2011 procedure.

Downloaded by [ Edinburgh Napier University] on [11/07/16]. Copyright © ICE Publishing, all rights reserved.

6. Conclusions and recommendations

In the UK, the current design procedure for determining
the racking strength of timber-framed wall panels is based
on the design rules in Eurocode 5 and is given in PD 6693-1
(BSI, 2012a). However, there is currently no procedure for
being able to use the results from the racking strength and stiff-
ness test standard BS EN 594 to calculate racking strength by
the PD method.

BS 5268-6.1:1996 (BSI, 1996a), which has been superseded
by Eurocode 5 but is still permitted for use under Building
Regulations (England and Wales), is still able to be used and
is directly linked to BS EN 594, enabling racking strength to
be calculated from the results of wall panel tests. The timber
frame industry is therefore in a situation where BS 5268-6.1 is
still being used by designers to determine the racking strength
of timber frame wall systems. Consequently, design engineers
request the wood panel industry to test and categorise wall
sheathing products to this standard.

The test standard for the racking strength and stiffness of
timber-framed wall panels, BS EN 594, was originally devel-
oped from the test procedure in BS 5268-6.1 and published
as BS EN 594:1996 (BSI, 1996b). It was fully compatible with
the design procedure given in BS 5268-6.1 for calculating the
racking strength of wall panels using the results from racking
tests. In 2011, a revision of the test standard, BS EN 594:2011
(BSI, 2011), was published and it was stated that this was
undertaken to increase the scope for more types of panels and
to allow a more straightforward comparison between results of
different panels. However, the 2011 revision included signifi-
cant changes in the test procedure to be used. The loading
cycle requirement up to 40% of the failure load, which had
been introduced to be able to derive stiffness properties of the
wall panel at the stage when stability in load—displacement be-
haviour under this load level would have been considered to
have been reached, had been removed and the overall test dur-
ation had been greatly reduced.

It has been found by the industry that the basic racking resist-
ance values given in BS 5268-6.1 (BSI, 1988, 1996a), which
had been derived from tests in accordance with the 1996
version of BS EN 594 (BSI, 1996b), could not be achieved
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when the same types of sheathing panel were tested in accord-
ance with the requirements of the 2011 revision. This was
investigated by undertaking a number of wall tests to each
version of the BS EN 594 standard.

From a programme of wall panel tests undertaken on panels
formed using OSB/3 sheathing, incorporating variations in
panel thickness, vertical loadings and wall framing sections,
the results showed that the failure strength of walls tested to
BS EN 594:2011 and BS EN 594:1996 are comparable.
However, the stiffness values calculated for similar wall panels
showed that results to BS EN 594:1996 were over 46% greater
than the stiffness of panels tested to BS EN 594:2011. Because
of this difference, when applying the procedure given in
BS 5268-6.1 to calculate the value of the basic racking resist-
ance, it was always significantly lower under the procedure in
BS EN 594:2011 than in the procedure in BS EN 594:1996.
Furthermore, the basic racking resistance values derived from
the tests to BS EN 594:2011 were always less than the basic
resistance value given in Table 2 in BS 5268-6.1, confirming
the views being expressed by the industry.

The stiffness procedure in BS EN 594:1996 was based on the
application of four load cycles and, to convert to the equivalent
single annual load cycle load condition, a factor of 1:25 is incor-
porated in the BS 5268-6.1:1996 calculation procedure. As the
BS EN 594:2011 test procedure for stiffness behaviour only uses
the equivalent of one load cycle, use of this factor is inappropri-
ate and when it is not used the value of the basic racking resist-
ance is increased and, with the exception of one result (1-67 for
test 3) lower than the code value (1-68), the results from all other
tests equal or exceed the design value (Table 2).

Although the approach provides a method for calculating the
basic racking resistance that removes the effects of the stiffness
cycle procedure to account for the changed loading requirement
in the 2011 revision of BS EN 594, the results of the test pro-
gramme show there will still be a significant underestimation of
the value of the basic racking resistance from that which would
be achievable had testing to BS EN 594:1996 been used.

Whilst the Building Regulations permit the use of BS 5268-
6.1:1996 to derive the racking strength of timber frame walls,
it is recommended that the test procedure used to derive the
basic racking resistance value should remain as that given in
BS EN 594:1996.
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WHAT DO YOU THINK?

To discuss this paper, please email up to 500 words to the
editor at journals@ice.org.uk. Your contribution will be
forwarded to the author(s) for a reply and, if considered
appropriate by the editorial panel, will be published as
discussion in a future issue of the journal.

Proceedings journals rely entirely on contributions sent in
by civil engineering professionals, academics and stu-
dents. Papers should be 2000-5000 words long (briefing
papers should be 1000-2000 words long), with adequate
illustrations and references. You can submit your paper
online via www.icevirtuallibrary.com/content/journals,
where you will also find detailed author guidelines.
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