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Abstract:

The Limit States Australian/New Zealand Standard AS/NZS 4600:2005 and the
North American Specification for the Design of Cold-Formed Steel Structural
Members 2001 (2004 Supplement) include the newly developed Direct Strength
Method of Design (DSM). In both Standards, the method presented (Chapter 7
of AS/NZS 4600:2005, Appendix 1 of NAS) is limited to pure compression and
pure bending. The situation of combined bending and shear as occurs in a
continuous purlin system is not considered.

In order to extend the DSM to purlin systems, it is necessary to prescribe and
calibrate a method for combined bending and shear. Eight different test series
on purlin sheeting systems with single, double and triple spans and both uplift
and downwards load cases as well as screw and concealed sheeting have been
performed at the University of Sydney over a 10 year period. As many of these
tests consisted of continuous lapped purlins where combined bending and shear
occurred at the purlin section just outside the end of the lap, it is possible to use
this test data to propose an extension to the DSM. Furthermore, calibration of
the proposals using the limit states design methodology is included in the report

This report makes two proposals for combined bending and shear, and calibrates
them both for the full sets of vacuum rig test data.

Keywords:
Cold-formed; High strength steel; Direct strength method; Effective width
method; Vacuum test; Combined bending and shear; Reliability


http://www.civil.usyd.edu.au/

Direct Strength Design of Cold-Formed Purlins May 2007

Copyright Notice
School of Civil Engineering, Research Report R882

Direct Strength Design of Cold-Formed Purlins

© 2007 Cao H. Pham & Gregory J. Hancock

Email: C.Pham@usyd.edu.au
hancock@eng.usyd.edu.au

ISSN 1833-2781

This publication may be redistributed freely in its entirety and in its original
form without the consent of the copyright owner.

Use of material contained in this publication in any other published works must
be appropriately referenced, and, if necessary, permission sought from the
author.

Published by:

School of Civil Engineering
The University of Sydney
Sydney NSW 2006
AUSTRALIA

May 2007

This report and other Research Reports published by the School of Civil
Engineering are available on the Internet:

http://www.civil.usyd.edu.au

School of Civil Engineering 2 =3
Research Report No R882 ago The University of Sydney



mailto:C.Pham@usyd.edu.au
mailto:hancock@eng.usyd.edu.au
http://www.civil.usyd.edu.au/

Direct Strength Design of Cold-Formed Purlins May 2007

TABLE OF CONTENTS

TABLE OF CONTENTS ..ottt sttt bbb sneeneas 3

1. INTRODUGCTION ...ttt e e e et e e et e e e s e e aneeesnnaeeannneens 5

2.  SUMMARY OF TEST DATA ON PURLIN-SHEETING SYSTEMS ........c.ccocvvn. 6

3. DSM DESIGN CRITERIA FOR PURLINS SYSTEMS ..., 8

3.1 Lateral-Torsional Buckling Moment Capacity...........cccocvevververesriesieenesieseesiesnee e 8

3.1.1. C-factor approach for elastic buckling moment................ccooeeiiiiiiieieceenee, 8

3.1.2. FELB approach for elastic buckling moment..............ccccoovevinieiiecieieieene, 9

3.1.3. Nominal member moment Capacity. ............coceevueeeeireeciieiececeeeeee e 9

3.2 Local Buckling Moment Capacity (Mpp).....ccoveeverrerieiieresieseesesee e esie e e see e e 9

3.3 Distortional Buckling Moment Capacity (Mpg).........eoererereeiieiienienienesiesesieseeneas 10

3.4 Combined Bending and SNEAT..........cccccoiiieie i 11

3.4.1  Nominal Shear CapacCity.........c.ccceevuieiierieirieieeeeeeeeeee et 11

3.4.2  Nominal Section Moment CapaCity ..........ccccceevvierieeieriieieeeesie e 11

3.4.2.1 Proposal 1: (Local Buckling and Distortional Buckling for Bending)....11

3.4.2.2 Proposal 2: (Local Buckling alone for Bending) ............cccccveveeeeveennnnne. 12

3.4.3 Combined Bending and SNEar..............cc.coeeiieiicieieeteeceeeeeeee e 12

4.  COMPARISONS OF DESIGN LOADS WITH TESTS......coooiiiiiieie e 13

T O A I | 1 o N I O N SRR 16

5.1  Reliability ANGIYSIS......ccviieiieieiieciee et e e e nee s 16

511 Forthe Wind UPHft teStS .......oiiiiiiieceeeeeeee e 18

5.1.2  For the downwards 10ading tESES .........cceevuieieriieriieieieeeeeee e 19

5.2 Results of Reliability ANAIYSES........ccooiiiiiiiieiieiere e 20

6. CONGCLUSION ...ttt bbbt b bbb ne e 20

[ = N[ O TR STS 21

APPENDICES ... .ottt bbb bbb ettt be bt beene s 23
School of Civil Engineering 3

=3 L.
Research Report No R882 ugn The University of Sydney



Direct Strength Design of Cold-Formed Purlins May 2007

School of Civil Engineering 4 %
S

Research Report No R882 The University of Sydney



Direct Strength Design of Cold-Formed Purlins May 2007

1. INTRODUCTION

The Direct Strength Method (DSM) (Schafer and Pekoz, 1998) was formally
adopted in the North American Design Specification in 2004 (AISI, 2004) and
in AS/NZS 4600:2005 (Standards Australia, 2005) as an alternative to the
traditional Effective Width Method (EWM). It uses elastic buckling solutions
for the entire member cross section to give the direct strength rather than for
elements in isolation. The first advantage of the DSM is that it allows direct
computation of the capacity of cold-formed thin walled members of complex
section shape (eg. with intermediate stiffeners). Secondly, the interaction
between local and overall modes and distortional and overall modes is taken
into account. The DSM uses numerical solutions for elastic buckling and
requires computer software such as THIN-WALL (CASE, 2006a) or CUFSM
(Cornell University, 2001) to evaluate elastic buckling stresses. There is no
need to calculate cumbersome effective sections especially with intermediate
stiffeners.

In roof systems, high strength steel profiled sheeting fastened to high strength
steel cold-formed purlins of lipped C or Z-section are commonly used
throughout the world. The design of such systems in Australia is performed
according to the provisions of the limit states Australia/ New Zealand Standard
AS/NZS 4600:2005. The design procedures using the effective width method in
the standard have been developed and verified (Clarke and Hancock, 1999,
2000) using an extensive database of test data obtained from more than 10 years
of testing in the vacuum testing rig at the University of Sydney. These tests
have covered a wide range of parameters including: single, double and triple
spans; inwards and outwards loading; zero, one and two rows of bridging per
span; screw fastened and concealed fixed sheeting systems; and cleat and flange
bolting of purlins to rafters (Hancock et al., 1990, 1992, 1994, 1996)

The purpose of this report is to describe the basis of purlin design using an
extension to the DSM in Section 7 of AS/NZS 4600:2005, and to evaluate the
effectiveness of the design provisions against tests performed at the University
of Sydney since the late 1980s. The comparisons between the DSM and the
EWM are also included in this report. Moreover, two approaches for combined
bending and shear are proposed and the calibration of the full set of vacuum rig
test data as well as combined bending and shear controlling the design are made
to determine the limit states safety index. A recommendation for combined
bending and shear in the DSM is given in the report.
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2. SUMMARY OF TEST DATA ON PURLIN-SHEETING
SYSTEMS

In 1988, a large vacuum test rig was commissioned in the Centre for Advanced
Structural Engineering (CASE) at the University of Sydney using funds
provided by the Metal Building Products Manufacturers Association (MBPMA)
for the purpose of provided test data on metal roofing systems. The test rig uses
a conventional vacuum box to simulate wind uplift or inwards load. While the
early series of tests were “generic” by virtue of their funding through the
MBPMA, later test programs have been performed specifically for individual
companies who have nevertheless made their results available in the public
domain. All test series included cleats. The bridging provides a lateral and
torsional restraint at the point of attachment to the purlin. The test programs
which have been conducted are summarized in Table 1.

Table 1. Purlin-Sheeting Test Programs Performed at the University of Sydney

Series Loading Spans* Bridging Sheeting Type Rafter Fixing
S1 Uplift 3-span lapped 0,1,2 Screw fastened Cleats
S2 Uplift 2-span lapped 0,1,2 Screw fastened Cleats
S3 Uplift Simply supported 0,1,2 Screw fastened Cleats
S4 Downwards 3-span lapped 0,1 Screw fastened Cleats
S5 Uplift Simply supported 0,1,2 Concealed fixed Cleats
S6 Uplift 3-span lapped 1 Concealed fixed Cleats
S7 Uplift Simply supported 0,1,2 Screw fastened Cleats
S8 Uplift Si;I_l Sézrflf:gggfd 1,2 Screw fastened Cleats

* 3x7.0 m spans with 900 mm laps between bolt centres for 3-span lapped configuration
2x10.5 m spans with 1500 mm laps between bolt centres for 2-span lapped configuration
1x7.0 m span for simply supported configuration.

1 0: Zero rows of bridging in each span
1: One row of bridging in each span
2: Single and double spans: Two rows of bridging in each span
Triple spans: Two rows of bridging in the end spans, one row in the central span

The bending moment distribution (BMD) and shear force distribution (SFD) for
uplift loading are shown in Figures 1,2 and 3 for the single, double and triple
spans at a uniform distributed load of w = 1 kN/m
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w=1LkN/m
(a) Geometry . .

and r
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(b) Bending
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Distribution
3.50kN
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Figure 1. Single Span Z and C Section Purlin
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Figure 2. Double Span Lapped Z and C Section Purlin
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Figure 3. Triple Span Lapped Z and C Section Purlin

3. DSM DESIGN CRITERIA FOR PURLINS SYSTEMS
3.1 Lateral-Torsional Buckling Moment Capacity
3.1.1. C-factor approach for elastic buckling moment.

The so-called C-factor approach is outlined in Clause 3.3.3.2 of AS/NZS
4600:2005. For each segment of the purlin system between brace positions, a Cy,
factor based on the shape of the bending moment diagram is determined. This
Cy factor is then used in conjunction with beam effective lengths (I, l¢y) to
determine the elastic buckling moment (M,) of the segment. The advantage of
the C-factor approach is that it is universally applicable to all purlin systems,
including all section shapes, loading types, sheeting types and bridging layouts.
It does not, however, consider the effect of load height or the lateral and
torsional restraint provided by sheeting on the buckling moment. This latter
aspect can be a source of considerable conservatism when it is applied to purlin
systems as demonstrated later for purlins without bridging.

School of Civil Engineering 8 =3
Research Report No R882 ugn The University of Sydney



Direct Strength Design of Cold-Formed Purlins May 2007

3.1.2. FELB approach for elastic buckling moment.

In the so called FELB approach, a Finite Element Lateral Buckling (FELB)
analysis (CASE, 2006b) of the purlin system is performed to obtain the elastic
buckling moment (M,). The advantages of the FELB approach are that the load
height and sheeting restraint effects can be accounted for in the buckling
analysis, and the whole purlin system is analyzed at the same time accounting
for interaction between the segments.

3.1.3. Nominal member moment capacity.

The nominal member moment capacity (Mpe) for lateral-torsional buckling of
the full section is calculated from Section 7.2.2.2 of AS/NZS 4600:2005
(Appendix 1, Section 1.2.2.1 of NAS (2004)) as follows:

For M, <0.56M: M, =M, (1)
10M
For 2.78M, > M, 20.56M : MbE:EMy 1- ! (2)
9 36M,
For M, >2.78M: M =M, (3)
where

M, = elastic lateral-torsional buckling moment as defined above
M, =Z,f,
Z, = section modulus about a horizontal axis of the full section

3.2 Local Buckling Moment Capacity (My))
The Direct Strength accounting for the interaction of Local with Lateral-
Torsional buckling is computed using the appropriate Direct Strength equation.

The nominal member moment capacity (My) for local buckling is calculated
from Section 7.2.2.3 of AS/NZS 4600:2005 (Appendix 1, Section 1.2.2.2 of
NAS (2004)) as follows:

For 4, <0.776: My =M, 4)

0.4 0.4
For 4, >0.776: M, =[10.15(%] ](M"'] M,, (5)
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where

4, = non-dimensional slenderness used to determine M,,

= JM,. /M,

= elastic local buckling moment of the section

= Zf fol

Z, =section modulus about a horizontal axis of the full section

M

ol

f,, = elastic local buckling stress of the section in bending

3.3 Distortional Buckling Moment Capacity (Myq)

The Direct Strength accounting for the interaction of distortional buckling with
yielding is computed using the appropriate Direct Strength equation.

The nominal member moment capacity (Myg) for distortional buckling is
calculated from Section 7.2.2.4 of AS/NZS 4600:2005 (Appendix 1, Section
1.2.2.3 of NAS (2004)) as follows:

For 2, <0.673: My =M, (6)

M

y

0.5 0.5
M M
For 4, >0.673: M., {10.22[ M°“] ][ °d] M, (7)

where

4, =non-dimensional slenderness used to determine M,

M, = elastic distortional buckling moment of the section

= Z; fy
Z, = section modulus about a horizontal axis of the full section
f,, = elastic distortional buckling stress of the section in bending

From the above limiting strengths the nominal member capacity (M) is
determined as:

M, = the lesser of (M,,,M,,) (8)
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3.4 Combined Bending and Shear
3.4.1 Nominal Shear Capacity

The nominal shear capacity (V) of a web is calculated from Section 3.3.4.1 of
AS/NZS 4600:2005 in DSM format as follows:

For 1,<0.841: V, =V, 9)
For 0.841< 4, <1.191: V, =0.841,V,V, (10)
For 4, >1.191: V, =V, (11)
where
A, =V, IV,

V, =yieldload of web=0.64A, f,
k7 EA,

2
12(1-v2 {le
tW
d, = depth of the flat portion of the web measured along the plane of the web
t, = thickness of web

V., = elastic shear buckling force of web =

A,= area of web = d, xt,
k, = shear buckling coefficient: k, =5.34 for unstiffened webs

3.4.2 Nominal Section Moment Capacity
3.4.2.1 Proposal 1: (Local Buckling and Distortional Buckling for Bending)
The nominal section moment capacity at local buckling (M) is determined by

M, =M for 2, <0.776 (12)

sl y

0.4 0.4
Ms,{l_m{% ]m_J M, for 40 )

y y

School of Civil Engineering 11 =3
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where 4, = |—

ol

The nominal section moment capacity at distortional buckling (Mgg) equals Myq
in Equation (6) and (7)

From the above limiting strengths the nominal section moment capacity (M) is
determined as:

M, = the lesser of (M,,M,) (14)

3.4.2.2 Proposal 2: (Local Buckling alone for Bending)

The nominal moment section moment capacity (M) equals My in Equation (12)

and (13) and distortional buckling is ignored

3.4.3 Combined Bending and Shear

The combined bending and shear limit state interaction equation is given in
3.3.5 of AS/NZS 4600:2005 as follows:

[ M- ] +(V* j <10 (15)
¢bMS ¢VVV

When the term on the left hand side of this equation is greater than one for a
purlin design controlled previously by lateral buckling, local buckling and/or
distortional buckling, then combined bending and shear controls the design. In
order to obtain the reduced design load, the interaction equation is divided by a
factor that will bring the left hand side of this equation to one, and a reduced
design load us computed.
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4. COMPARISONS OF DESIGN LOADS WITH TESTS
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Figure 4. Comparison of DSM (Proposal 1) and EWM — FELB Approach
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Figure 5. Comparison of DSM (Proposal 1) and EWM — C-Factor Approach
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Figure 6. Comparison of DSM (Proposal 2) and EWM — FELB Approach
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Figure 7. Comparison of DSM (Proposal 2) and EWM — C-Factor Approach
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The results of the tests for all cleat-fastened systems compared with both the
EWM and DSM are shown in Tables 2 and 3 respectively. The FELB approach
is outlined in Table 2a and 2b and the C-factor approach in Table 3a and 3b.
With respect to determination of the nominal section bending capacity (M;) for
use in Equation (15), the results of the two proposals are summarized in Tables
2 and 3 for each approach. Proposal 1 uses the lesser of the local buckling and
distortional buckling moments (See 3.4.2.1), whereas Proposal 2 uses the local
buckling moments alone (See 3.4.2.2). Tables have been partitioned into single
span, double span and triple span tests, and further subdivided in the case of
single spans to 0, 1 and 2 rows of bridging. All calculations have been based on
the test values of yield stress (f,) and the measured dimensions to provide a true
measure of design model accuracy. The EWM values are taken from the papers
by Clarke and Hancock (1999, 2000). The comparisons of DSM (Proposal 1&
Proposal 2) and EWM with both C-factor and FELB approaches are graphically
reproduced in Figs 4 to 7 where they are plotted against the span and bridging
cases.

The DSM strengths (Qpsm) are the minimum of the combined bending and shear
strengths (Quy) based on Equation (15) and the direct strengths (g,) based on
Equation (8). The elastic lateral-torsional buckling moments (M,), elastic local
buckling stresses (f,) and distortional buckling stresses (f,q) are given in
Appendices 1-4 along with the calculation for My, My, and Myg. With EWM,
the EWM strengths (Qewwm) are the minimum of the distortional buckling
strengths (Op), the combined bending and shear strengths (Qumy) and the effective
width strengths (qc or Qrep).

In the FELB approach, the laps over internal supports and the load height were
modelled, and a minor axis rotational restraint (K,y) of 1000 kN (representing the
elastic restraint provided by the sheeting to the purlins as diaphragm shear
stiffness) was employed.

As can be seen in Fig 4 which compares the EWM with the DSM for Proposal 1
using the FELB approach as summarised in Tables 2a, 2b, the DSM values
(91/qpsm) are comparable with the EWM values (01/gewwm) over the full range of
test configurations. It is interesting to note that on average, the DSM values are
slightly lower and slightly less scattered. However, the DSM values are slightly
above the EWM values for the double span with one and two rows of bridging.
Only in the case of the triple span with single bridging, some values of qr/Qpsm
or gr/gewm lie below 1.0. The tests without bridging are also predicted very
conservatively for both methods due mainly to the effects of the sheeting which
restrains twisting of the purlins and is not adequately accounted for in the FELB
approach. However, when one or two rows of bridging are included, the
predictions are much more accurate especially for the DSM single span with
two rows of bridging and the DSM triple span with both one and two rows of
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bridging. It is also interesting to note that the downwards loading cases marked
with the triangles (A) are more accurate than the uplift loading cases by either
the EWM or DSM especially for the triple span without bridging.

Figure 5 shows similar comparisons to Figure 4 except that it applies to the C-
factor approach as summarised in Tables 3a, 3b. The C-factor is generally less
accurate and more variable than the FELB approach except for the downwards
loading cases marked with the triangles (A). For the single and triple spans with
one and two rows of bridging, the EWM and DSM are quite similar. However,
for the double spans, the DSM is a lot more conservative than the EWM mainly
because the elastic buckling moments predicted by the C-factor approach are so
much lower than those predicted by the FELB approach, and possible
differences in assumption between the EWM paper (Clarke & Hancock) and
this paper.

By comparison of the values in Figure 6 and Figure 4, Figure 6 shows the same
values as Figure 4 except that they apply to Proposal 2 for Tables 2a, 2b. The
DSM values for Proposal 1 and Proposal 2 with the FELB approach are
identical over the full range of test configurations except the double spans and
triple spans with one and two rows of bridging and the downwards loading
cases marked with the triangles (A). The explanation for this fact is that in
Proposal 1, the majority of cases in double and triple span series are controlled
by combined bending and shear. The nominal section bending capacity (M) is
then governed by the distortional buckling moment (Msd) only. However, when
the Local Buckling is only used for the nominal section capacity (M) in
Proposal 2, the failure mode is controlled by the other effects such as
distortional buckling or interaction of local buckling and lateral-torsional
buckling. By comparison of the values in Figure 7 and Figure 5, Figure 7 shows
the same values as Figure 5 except they apply to Proposal 2 for Tables 3a, 3b.
The DSM values for Proposal 1 and Proposal 2 with the C-factor approach are
only different in the triple spans with two row of bridging and the downwards
loading cases marked with the triangles (A).

5. CALIBRATION

5.1 Reliability Analysis

The reliability or safety index, f, is a relative measure of the reliability or safety
of a structure or structural element. When two designs are compared, the one
with the larger £ is the more reliable. The reliability index accounts for the
uncertainties and variabilities inherent in the design parameters, such as the
material properties, geometry, and applied load.
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In order to calculate the reliability index, a First Order Second Moment (FOSM)
method, described by Ellingwood et al (1980), can be used. This method is
outlined in the AIST Commentary (2004) and AS/NZS 4600:1996 Commentary
(1998). Because of the uncertainties and variabilities in the applied load, Q, and
resistance, R, the exact probability distributions of Q and R (both assumed to
have lognormal distributions) are not known. However, the mean applied load,
Qm, and the mean resistance, Ry, and the corresponding variances Vg and Vg,
can be used to calculate the reliability index, £

5 Ry /Qy) (16)

JVR +Vg

The mean resistance, Ry, is given by the equation
R,=R,.(P,.M_.F.) (17)

Where R, is the nominal resistance, and

Pn = mean ratio of the experimentally determined failure load to the
predicted failure load for the actual material and cross-sectional
properties

M, = mean ratio of the actual yield stress to the minimum specified
(nominal) yield stress

Fm = mean ratio of the actual specimen thickness to the nominal

thickness

The variance Vy is given by the equation

Vg =V2+V2 +V] (18)

where Vp, V\y and Vg are the variances of P, M and F respectively

The nominal resistance, R,, for a screw-fastened purlin under wind uplift
loading must satisfy the equation

Q<¢R, (19)

where ¢ is the capacity reduction (resistance) factor
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5.1.1 For the wind uplift tests

Q=W, —0.9G (20)

W, and G are the applied wind uplift and dead loads respectively. The load
combination Q =W, -0.9G is given in the Australian loading code, AS 1170.0

(Standards Association of Australia, 2002).

The exact probability distributions of Q, and hence of W, and G, are not known.
However, the mean load, Qp,, can be expressed as

Qm :Wu,n _Gm (21)

where W, and Gy, are the mean wind uplift and dead loads respectively. The
corresponding variance, Vg is given by the equation (AISI Commentary, 1991b)

R A R .

u,

where Vy and Vg are the variances of W, and G respectively. Ellingwood et al
analyzed load statistics to show that G, = 1.05G and Vg = 0.1. The value of 1.05
indicates that dead loads are, on average, underestimated. Holmes (1995)
derived the W, = 0.42W, and Vy = 0.37 by application of the Australian wind

loading code, AS 1170.2 (1989)

By assuming that G, = 1.05G, W, = 0.42W,, and G/W,= 0.1
Q. <0.346.4R. (23)

By substituting V=0.1 and V\y = 0.37 into Eq , Vo =0.494

_In((P,.M,,.F,)/(0.346.4))
WVZ+V2 +V7 +0.494°

(24)
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5.1.2 For the downwards loading tests

Q=12G+W, (25)

W, and G are the applied wind uplift and dead loads respectively. The load
combination Q =1.2G +W, is given in the Australian loading code, AS 1170.0

(Standards Association of Australia, 2002)

The exact probability distributions of Q, and hence of W, and G, are not known.
However, the mean load, Qp, can be expressed as

Q. =G, +W, (26)

where W, and Gy, are the mean downwards wind and dead loads respectively.

The corresponding variance, Vg is given by the equation (AISI Commentary,
1991)

- J(vvzv ) . éemvc,) o7

Un m

V,

where Vy and V¢ are the variances of W, and G respectively. Gp, = 1.05G, W, =
0.42W,, and G/W,=0.1

Q, <0.468. 4R, (28)

By substituting V=0.1 and V\y = 0.37 into Eq , Vo =0.297

In((P,.M,,.F,)) /(0.468.4))

= (29)
\/VPZ +Vg +VZ2 +0.297°

The reliability index, f, can be calculated for a fixed value of the resistance
factor ¢ = 0.9.

School of Civil Engineering 19 =3
Research Report No R882 ago The University of Sydney



Direct Strength Design of Cold-Formed Purlins May 2007

5.2 Results of Reliability Analyses

The results of the reliability analyses performed according to Section 5.1 are
given using the FELB approach in Table 4 and the C-factor approach in Table
5. Both tables included the DSM by Proposals 1 and 2, and the EWM. The
reliability analyses have been grouped according to the number of spans (1, 2 or
3), uplift or downwards loading, and number of rows of bridging (0, 1 or 2). All
of the parameters used for each case are shown in Tables 4 and 5 and the
resulting safety indices [ are also shown.

The safety indices B in Table 4 for the FELB approach vary from 2.844 to 4.684
for DSM Proposal 1 and 2.764 to 4.684 for DSM Proposal 2. By comparison,
the EWM values vary from 2.906 to 4.645. The lowest values correspond to
Triple Span Uplift tests with one row of bridging where combined bending and
shear controlled in some cases. All of the cases with no bridging have high
safety indices and those with one or two rows of bridging have lower safety
indices as expected. On the basis that a target safety index of 2.5 is required
(AISI Commentary 2004 and AS/NZS 4600:1996 Commentary 1998), then both
the DSM by either Proposals 1 and 2 and the EWM give acceptable values
when the FELB approach is used.

The safety indices B in Table 5 for the C-factor approach vary from 2.967 to
6.169 for DSM Proposal 1 and 2.967 to 6.169 for DSM Proposal 2. By
comparison, the EWM values vary from 2.883 to 5.899. The lowest values
correspond to Double Span Uplift tests where the high variability of predictions
leads to lower safety indices. Excluding the double span cases, then the Triple
Spans with 1 and 2 rows of bridging and the Single Spans with two rows of
bridging give the lowest safety indices. As for the FELB approach, all of the
cases with no bridging have high safety indices and those with one or two rows
of bridging have lower safety indices as expected. On the basis that a target
safety index of 2.5 is required (AISI Commentary 2004 and AS/NZS 4600:1996
Commentary 1998), then both the DSM by either Proposals 1 and 2 and the
EWM give acceptable values when the C-factor approach is used.

6. CONCLUSION

This paper has outlined two current approaches to the design of purlin systems
using an extension to the Direct Strength Method (DSM) in Section 7 of
AS/NZS 4600:2005 which are referred to herein as C,-factor and FELB
approaches. The results are compared with the Effective Width Method (EWM)
as well as the ones from purlins test results which was implemented at the
University of Sydney by using the vacuum testing rig more than 10 years.
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This report has also made two proposals for the bending and shear failure mode
for use in the Direct Strength Method. Proposal 1 uses the lesser of the local
buckling and distortional buckling section strengths in the combined bending
and shear interaction equation, and Proposal 2 uses only the local buckling
section strength in the interaction equation. All methods produce acceptable
safety indices including those test cases where combined bending and shear
dominated such as the triple spans under uplift loading with one and two rows
of bridging. It therefore appears that Proposal 2 is an acceptable method for
safe design even though it ignores the distortional buckling strength.
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Table 2a. Purlin Test Results and Comparison with DSM (Proposal 1 & Proposal 2) and EWM with FELB Approach

DSM EWM
Proposal 1 Proposal 2
Test Section Bridging ar
(kN/m) Bending/Shear DSM Bending/Shear DSM Distort.  Bending/Shear EWM
Omvi o] Oosm1 Qr/Opsm1 amv2 [°]) Opsm2 Gr/dosmz [*s) qmv QreLs Jewm gr/Jewm
(KN/m) (KN/m)  (kN/m) (KN/m) (KN/m) (KN/m) (KN/m) (KN/m) (KN/m)  (kN/m)

S3S1 Z200-24 0 3.28 3.84 1.14 1.14 2.88 4.83 1.14 1.14 2.88 3.84 4.25 1.17 1.17 2.80
S3T4 C200-24 0 3.63 3.89 1.13 1.13 3.21 4.78 1.13 1.13 3.21 3.89 4.23 1.16 1.16 3.13
S5L1 Z200-25/1L 0 2.57 3.95 1.14 1.14 2.26 4.95 1.14 1.14 2.26 3.95 4.35 1.19 1.19 2.16
S5S1 Z200-19/S1 0 2.17 2.57 0.78 0.78 2.80 3.10 0.78 0.78 2.80 2.57 3.05 0.81 0.81 2.68
S7T1 Z20015/1 0 1.85 1.97 0.62 0.62 2.98 2.16 0.62 0.62 2.98 1.97 2.06 0.57 0.57 3.25
S7T2 C20015/2 0 1.70 2.00 0.62 0.62 2.76 2.23 0.62 0.62 2.76 2.00 1.99 0.55 0.55 3.09
Mean 2.81 Mean 2.81 Mean 2.85

SD 0.32 SD 0.32 SD 0.40

S3T2 Z200-24 1 3.69 3.84 2.92 2.92 1.27 4.83 2.92 2.92 1.27 3.84 4.25 2.69 2.69 1.37
S3T5 C200-24 1 3.63 3.89 2.90 2.90 1.25 4.78 2.90 2.90 1.25 3.89 4.23 2.84 2.84 1.28
S5L2 Z200-25/2L 1 4.19 4.03 2.95 2.95 1.42 5.06 2.95 2.95 1.42 4.03 4.35 2.82 2.82 1.49
S5S2  Z200-19/S2R 1 2.28 2.60 2.12 2.12 1.08 3.15 2.12 2.12 1.08 2.60 3.05 191 1.91 1.19
S7T3 C20015/3 1 1.77 1.92 1.47 1.47 1.20 2.13 1.47 1.47 1.20 1.92 1.91 1.28 1.28 1.38
S8T2 C200-15/2 1 1.71 1.82 1.42 1.42 1.21 2.03 1.42 1.42 1.21 1.82 1.84 1.28 1.28 1.34
S8T3 C150-12/3 1 0.83 1.00 0.56 0.56 1.48 1.12 0.56 0.56 1.48 1.00 1.05 0.49 0.49 1.69
Mean 1.27 Mean 1.27 Mean 1.39

SD 0.14 SD 0.14 SD 0.16

S3T3 Z200-24 2 4.76 3.84 3.84 3.84 1.24 4.83 3.84 3.84 1.24 3.84 4.25 3.72 3.72 1.28
S3T6 C200-24 2 4.71 3.89 3.89 3.89 1.21 4.78 3.89 3.89 1.21 3.89 4.23 3.67 3.67 1.28
S5L3 Z200-25/2L 2 4.90 4.01 4.01 4.01 1.22 5.00 4.01 4.01 1.22 4.01 4.35 3.69 3.69 1.33
S5S3 Z200-19/S3 2 2.74 2.60 2.60 2.60 1.05 3.13 2.60 2.60 1.05 2.60 3.05 2.54 2.54 1.08
S7T5 C20015/5 2 1.95 1.91 1.90 1.90 1.02 212 1.90 1.90 1.02 191 1.91 1.65 1.65 1.18
S8T1 C200-15/1 2 1.98 1.87 1.86 1.86 1.06 2.09 1.86 1.86 1.06 1.87 1.88 1.63 1.63 1.21
S8T4 C150-12/4 2 0.93 0.99 0.87 0.87 1.07 1.11 0.87 0.87 1.07 0.99 1.05 0.84 0.84 1.11
Mean 1.13 Mean 1.13 Mean 1.21

SD 0.09 SD 0.09 SD 0.09

S2T1 Z300-25* 00 4.33 3.73 2.95 2.95 1.47 4.07 2.95 2.95 1.47 4.08 4.07 2.83 2.83 1.53
S2T2 Z300-25* 11 4.93 3.73 3.90 3.73 1.32 4.07 3.90 3.90 1.26 4.08 4.07 4.01 4.01 1.23
S2T3 Z300-25** 22 5.77 3.74 4.10 3.74 1.54 4.10 4.10 4.10 1.41 4.10 4.07 4.01 4.01 1.44
Mean 1.44 Mean 1.38 Mean 1.40

SD 0.11 SD 0.10 SD 0.15
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Table 2b. Purlin Test Results and Comparison with DSM (Proposal 1 & Proposal 2) and EWM with FELB Approach

DSM EWM
Proposal 1 Proposal 2
Test Section Bridging ar
(kN/m) Bending/Shear DSM Bending/Shear DSM Distort.  Bending/Shear EWM
qmvi o3 Qosm1 gr/Josm1 qmv2 o3 Opsm2 Or/dosm2 o qmv OreLs Jewm gr/dewm
(KN/m) (KN/m)  (kN/m) (KN/m) (KN/m)  (kKN/m) (KN/m) (KN/m) (KN/m)  (kN/m)

S1T1 Z150-19 000 231 2.73 1.14 1.14 2.03 3.37 1.14 1.14 2.03 2.76 291 1.17 1.17 1.97
S1T4 Z200-15 000 2.58 2.63 1.79 1.79 1.44 2.92 1.79 1.79 1.44 2.95 2.85 1.72 1.72 1.50
S1T7 Z200-19 000 3.51 3.81 2.32 2.32 1.51 4.54 2.32 2.32 1.51 4.00 4.36 231 2.31 1.52
Mean 1.66 Mean 1.66 Mean 1.66
SD 0.33 SD 0.33 SD 0.27
S1T2 Z150-19 111 2.63 2.73 2.17 2.17 1.21 3.37 2.17 2.17 1.21 2.75 291 2.03 2.03 1.30
S1T5 Z200-15 111 2.94 2.63 2,77 2.63 1.12 2.92 2,77 2.77 1.06 2.94 2.85 2.75 2.75 1.07
S1T8 Z200-19 111 4.28 3.81 3.99 3.81 1.12 4.54 3.99 3.99 1.07 3.99 4.36 3.69 3.69 1.16
S6L1 Z150-19/L1 111 2.56 3.18 2.30 2.30 1.11 3.94 2.30 2.30 1.11 3.22 3.52 2.13 2.13 1.20
S6L2 Z200-19/L2 111 3.81 4.15 4.33 4.15 0.92 4.77 4.33 4.33 0.88 4.40 4.57 3.94 3.94 0.97
S6S1 Z200-15/S1 111 2.64 2.64 2.84 2.64 1.00 3.02 2.84 2.84 0.93 2.93 2.74 2.58 2.58 1.02
S6S2 Z150-19/S2 111 2.71 2.93 231 231 1.17 3.61 231 2.31 1.17 2.96 3.14 2.16 2.16 1.25
Mean 1.09 Mean 1.06 Mean 1.14
SD 0.10 SD 0.12 SD 0.12
S1T3 Z150-19 212 2.98 2.73 2.75 2.73 1.09 3.37 2.75 2.75 1.09 2.75 2.84 2.54 2.54 1.17
S1T9 Z200-19 212 4.55 3.81 3.99 3.81 1.19 4.54 3.99 3.99 1.14 3.99 4.36 3.96 3.96 1.15
S8T5 Z200-15/5 212 2.93 2.78 3.14 2.78 1.05 3.00 3.14 3.00 0.98 3.14 2.74 2.65 2.65 1.11
S8T6 Z150-19/6 212 3.37 2.94 2.97 2.94 1.14 3.68 2.97 2.97 1.14 2.97 3.15 2.58 2.58 131
Mean 1.12 Mean 1.09 Mean 1.18
SD 0.06 SD 0.08 SD 0.09
S4T3 Z200-15/3 000 2.90 2.50 2.76 2.50 1.16 2.83 2.76 2.76 1.05 2.76 2.90 2.90 2.76 1.05
S4T4 Z200-15/4 000 2.94 2.54 2.81 2.54 1.16 2.88 2.81 2.81 1.05 2.81 2.90 2.90 2.81 1.05
S4T5 Z150-19/5 0.0_0 2.92 2.70 2.73 2.70 1.08 3.31 2.73 2.73 1.07 2.73 2.88 2.38 2.38 1.23
Mean 1.13 Mean 1.06 Mean 111
SD 0.05 SD 0.01 SD 0.10
S4T1 Z200-19/1 111 3.97 3.95 4.15 3.95 1.01 4.60 4.15 4.15 0.96 4.15 4.49 4.22 4.15 0.96
S4T2 Z200-19/2 111 4.42 3.85 4.05 3.85 1.15 452 4.05 4.05 1.09 4.05 4.49 4.22 4.05 1.09
S4T6 Z150-19/6 111 2.69 2.70 2.72 2.70 1.00 3.32 2.72 2.72 0.99 2.72 2.88 2.66 2.66 1.01
Mean 1.05 Mean 1.01 Mean 1.02
SD 0.09 SD 0.07 SD 0.07
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Table 3a. Purlin Test Results and Comparison with DSM (Proposal 1 & Proposal 2) and EWM with C-factor Approach

DSM EWM
Proposal 1 Proposal 2
Test Section Bridging ar
(kN/m) Bending/Shear DSM Bending/Shear DSM Distort.  Bending/Shear EWM
qmvi o3 Qosm1 gr/Josm1 qmv2 o3 Opsm2 Or/dosm2 o qmv Ac Jewm gr/dewm
(KN/m) (KN/m)  (kN/m) (KN/m) (KN/m)  (kKN/m) (KN/m) (KN/m) (KN/m)  (kN/m)

S3S1 Z200-24 0 3.28 3.84 0.45 0.45 7.27 4.83 0.45 0.45 7.27 3.84 4.25 0.63 0.63 5.21
S3T4 C200-24 0 3.63 3.89 0.63 0.63 5.73 4.78 0.63 0.63 5.73 3.89 4.23 0.64 0.64 5.67
S5L1 Z200-25/1L 0 2.57 3.95 0.44 0.44 5.83 4.95 0.44 0.44 5.83 3.95 4.35 0.62 0.62 4.15
S5S1 Z200-19/S1 0 2.17 2.57 0.33 0.33 6.58 3.10 0.33 0.33 6.58 2.57 3.05 0.43 0.43 5.05
S7T1 Z20015/1 0 1.85 1.97 0.28 0.28 6.64 2.16 0.28 0.28 6.64 1.97 2.06 0.32 0.32 5.78
S7T2 C20015/2 0 1.70 2.00 0.34 0.34 4.96 2.23 0.34 0.34 4.96 2.00 1.99 0.30 0.30 5.67
Mean 6.17 Mean 6.17 Mean 5.25

SD 0.82 SD 0.82 SD 0.62

S3T2 Z200-24 1 3.69 3.84 2.05 2.05 1.80 4.83 2.05 2.05 1.80 3.84 4.25 241 241 1.53
S3T5 C200-24 1 3.63 3.89 2.43 2.43 1.49 4.78 2.43 2.43 1.49 3.89 4.23 2.44 2.44 1.49
S5L.2 Z200-25/2L 1 4.19 4.03 2.06 2.06 2.04 5.06 2.06 2.06 2.04 4.03 4.35 2.42 2.42 1.73
S5S2  Z200-19/S2R 1 2.28 2.60 1.52 1.52 1.50 3.15 1.52 1.52 1.50 2.60 3.05 1.61 1.61 1.42
S7T3 C20015/3 1 1.77 1.92 1.30 1.30 1.36 2.13 1.30 1.30 1.36 1.92 1.91 1.10 1.10 1.61
S8T2 C200-15/2 1 1.71 1.82 1.25 1.25 1.36 2.03 1.25 1.25 1.36 1.82 1.84 1.10 1.10 1.55
S8T3 C150-12/3 1 0.83 1.00 0.48 0.48 1.74 1.12 0.48 0.48 1.74 1.00 1.05 0.42 0.42 1.98
Mean 1.61 Mean 1.61 Mean 1.62

SD 0.25 SD 0.25 SD 0.19

S3T3 Z200-24 2 4.76 3.84 3.84 3.84 1.24 4.83 3.84 3.84 1.24 3.84 4.25 3.58 3.58 1.33
S3T6 C200-24 2 4.71 3.89 3.89 3.89 1.21 4.78 3.89 3.89 1.21 3.89 4.23 3.52 3.52 1.34
S5L3 Z200-25/2L 2 4.90 4.01 3.91 3.91 1.25 5.00 3.91 3.91 1.25 4.01 4.35 3.54 3.54 1.38
S5S3 Z200-19/S3 2 2.74 2.60 2.57 2.57 1.06 3.13 2.57 2.57 1.06 2.60 3.05 2.54 2.54 1.08
S7T5 C20015/5 2 1.95 1.91 1.85 1.85 1.06 212 1.85 1.85 1.06 191 1.91 1.65 1.65 1.18
S8T1 C200-15/1 2 1.98 1.87 1.80 1.80 1.10 2.09 1.80 1.80 1.10 1.87 1.88 1.63 1.63 1.21
S8T4 C150-12/4 2 0.93 0.99 0.81 0.81 1.14 1.11 0.81 0.81 1.14 0.99 1.05 0.78 0.78 1.19
Mean 1.15 Mean 1.15 Mean 1.25

SD 0.08 SD 0.08 SD 0.11

S2T1 Z300-25* 00 4.33 3.73 0.74 0.74 5.85 4.07 0.74 0.74 5.85 4.08 4.07 1.23 1.23 3.52
S2T2 Z300-25* 11 4.93 3.73 2.01 2.01 2.45 4.07 2.01 2.01 2.45 4.08 4.07 3.20 3.20 1.54
S2T3 Z300-25** 2.2 5.77 3.74 3.50 3.50 1.65 4.10 3.50 3.50 1.65 4.10 4.07 4.01 4.01 1.44
Mean 3.32 Mean 3.32 Mean 2.17

SD 2.23 SD 2.23 SD 1.17
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Table 3b. Purlin Test Results and Comparison with DSM (Proposal 1 & Proposal 2) and EWM with Cy-factor Approach

DSM EWM
Proposal 1 Proposal 2
Test Section Bridging ar
(kN/m) Bending/Shear DSM Bending/Shear DSM Distort.  Bending/Shear EWM
qmvi o3 Qosm1 gr/Josm1 qmv2 o3 Opsm2 Or/dosm2 o qmv Ac Jewm gr/dewm
(KN/m) (KN/m)  (kN/m) (KN/m) (KN/m)  (kKN/m) (KN/m) (KN/m) (KN/m)  (kN/m)

S1T1 Z150-19 000 231 2.73 0.36 0.36 6.50 3.37 0.36 0.36 6.50 2.76 291 0.48 0.48 4.81
S1T4 Z200-15 000 2.58 2.63 0.64 0.64 4.03 2.92 0.64 0.64 4.03 2.95 2.85 0.65 0.65 3.97
S1T7 Z200-19 000 3.51 3.81 0.79 0.79 4.47 4.54 0.79 0.79 4.47 4.00 4.36 0.86 0.86 4.08
Mean 5.00 Mean 5.00 Mean 4.29
SD 1.32 SD 1.32 SD 0.46
S1T2 Z150-19 111 2.63 2.73 1.55 1.55 1.69 3.37 1.55 1.55 1.69 2.75 291 1.67 1.67 1.57
S1T5 Z200-15 111 2.94 2.63 2.37 2.37 1.24 2.92 2.37 2.37 1.24 2.94 2.85 2.36 2.36 1.25
S1T8 Z200-19 111 4.28 3.81 341 341 1.26 4.54 341 3.41 1.26 3.99 4.36 3.05 3.05 1.40
S6L1 Z150-19/L1 111 2.56 3.18 1.60 1.60 1.60 3.94 1.60 1.60 1.60 3.22 3.52 1.84 1.84 1.39
S6L2 Z200-19/L2 111 3.81 4.15 3.78 3.78 1.01 4.77 3.78 3.78 1.01 4.40 4.57 3.60 3.60 1.06
S6S1 Z200-15/S1 111 2.64 2.64 2.43 2.43 1.09 3.02 2.43 2.43 1.09 2.93 2.74 2.40 2.40 1.10
S6S2 Z150-19/S2 111 2.71 2.93 1.65 1.65 1.64 3.61 1.65 1.65 1.64 2.96 3.14 1.85 1.85 1.46
Mean 1.36 Mean 1.36 Mean 1.32
SD 0.28 SD 0.28 SD 0.19
S1T3 Z150-19 212 2.98 2.73 2.18 2.18 1.36 3.37 2.18 2.18 1.36 2.75 2.84 211 2.11 141
S1T9 Z200-19 212 4.55 3.81 3.99 3.81 1.19 4.54 3.99 3.99 1.14 3.99 4.36 3.77 3.77 1.21
S8T5 Z200-15/5 212 2.93 2.78 2.89 2.78 1.05 3.00 2.89 2.89 1.02 3.14 2.74 2.65 2.65 1.11
S8T6 Z150-19/6 212 3.37 2.94 2.35 2.35 1.43 3.68 2.35 2.35 1.43 2.97 3.15 2.25 2.25 1.50
Mean 1.26 Mean 1.24 Mean 1.31
SD 0.17 SD 0.19 SD 0.18
S4T3 Z200-15/3 000 2.90 2.50 2.76 2.50 1.16 2.83 2.76 2.76 1.05 2.76 2.90 2.90 2.76 1.05
S4T4 Z200-15/4 000 2.94 2.54 2.81 2.54 1.16 2.88 2.81 2.81 1.05 2.81 2.90 2.90 2.81 1.05
S4T5 Z150-19/5 0.0_0 2.92 2.70 2.73 2.70 1.08 3.31 2.73 2.73 1.07 2.73 2.88 2.66 2.66 1.10
Mean 1.13 Mean 1.06 Mean 1.06
SD 0.05 SD 0.01 SD 0.03
S4T1 Z200-19/1 111 3.97 3.95 4.15 3.95 1.01 4.60 4.15 4.15 0.96 4.15 4.49 4.22 4.15 0.96
S4T2 Z200-19/2 111 4.42 3.85 4.05 3.85 1.15 452 4.05 4.05 1.09 4.05 4.49 4.22 4.05 1.09
S4T6 Z150-19/6 111 2.69 2.70 2.72 2.70 1.00 3.32 2.72 2.72 0.99 2.72 2.88 2.66 2.66 1.01
Mean 1.05 Mean 1.01 Mean 1.02
SD 0.09 SD 0.07 SD 0.07
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Table 4. Reliability Index-FELB Approach

Proposal 1 Proposal 2
Test Section  Bridging
M Vi Fm Ve P Ve B M Vi Fm Ve P A B M Vu Fm Ve P A B
Sin§§ ifgg;}g’“ﬁ 1192 0031 1.000 0010 2815 0112 4684 | 1192 0031 1.000 0010 2815 0112 4684 | 1.192 0031 1.000 0010 2851 0.140 4.645
Single Span/ Uplift 1192 0031 1.000 0010 1.272 0108 3.124 | 1.192 0031 1.000 0010 1272 0108 3.124 | 1.192 0031 1000 0010 1.392 0116 3.290
One row bridging
Single Span/ Uplift 1192 0031 1000 0010 1.128 0082 2914 | 1.192 0031 1.000 0010 1128 0082 2914 | 1.192 0031 1000 0010 1.210 0077 3.060
Two row bridging
Double Span/ Uplift 1192 0.031 1.000 0.010 1444 0078 3.411 | 1.192 0.031 1000 0.010 1.379 0075 3.323 | 1.192 0031 1.000 0.010 1.399 0.110 3.309
T;;glfoifi‘rli/ dgf’nhgﬁ 1192 0031 1.000 0010 1661 0196 3474 | 1192 0031 1.000 0010 1.661 0196 3474 | 1.192 0031 1.000 0010 1.665 0.161 3.557
Triple Span/ Uplift 1.192 0.031 1000 0010 1.094 0.093 2.844 | 1.192 0.031 1.000 0010 1064 0114 2.764 | 1.192 0.031 1.000 0.010 1.139 0.108 2.906
One row bridging
Triple Span/ Uplift
One row bridging
(end span) 1192 0031 1.000 0.010 1121 0055 2.924 | 1.192 0.031 1000 0010 1.085 0.070 2.848 | 1.192 0031 1.000 0.010 1.184 0.073 3.019
Two row bridging
(internal span)
T“p}josf;‘;/ b?i‘;vgvﬁ:gvards 1.192 0.031 1.000 0.010 1133 0040 3.865 | 1.192 0.031 1000 0010 1.055 0.011 3.658 | 1.192 0.031 1.000 0.010 1.108 0.093 3.651
Triple Span/ Downwards 1.192 0.031 1.000 0.010 1.050 0.082 3.517 | 1.192 0.031 1.000 0.010 1.011 0.070 3.428 | 1.192 0.031 1.000 0.010 1.019 0.066 3.461
One row bridging
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Table 5. Reliability Index- C-factor Approach

DSM EWM

Proposal 1 Proposal 2

Test  Section  Bridging

M, Vi Fn Ve P Ve B My Vi Fn Ve P Ve B My Vi Fn Ve P Ve B

Single Span/ Uplift

No bridging 1192 0.031 1.000 0.010 6.169 0.133 6.169 | 1.192 0.031 1.000 0.010 6.169 0.133 6.169 | 1.192 0.031 1000 0.010 5253 0.117 5.899

Single Span/ Uplift

o L 1192 0.031 1.000 0.010 1613 0.157 3505 | 1.192 0.031 1.000 0.010 1.613 0.157 3505 | 1.192 0.031 1000 0.010 1615 0.116 3.583
ne row bridging

Single Span/ Uplift

L 1192 0.031 1000 0.010 1153 0.072 2967 | 1192 0.031 1.000 0.010 1.1583 0.072 2967 | 1.192 0.031 1000 0.010 1246 0.087 3.107
Two row bridging

Double Span/ Uplift 1192 0.031 1.000 0.010 3317 0.673 3.041 | 1.192 0.031 1.000 0.010 3.317 0.673 3.041 | 1.192 0.031 1000 0.010 2167 0542 2.883

Triple Span/ Uplift

L 1192 0.031 1.000 0.010 5.001 0.264 5262 | 1.192 0.031 1.000 0.010 5.001 0.264 5.262 | 1.192 0.031 1000 0.010 4.288 0.107 5.525
No row bridging

Triple Span/ Uplift

L 1192 0.031 1.000 0.010 1360 0.206 3.077 | 1.192 0.031 1.000 0.010 1.360 0.206 3.077 | 1.192 0.031 1.000 0.010 1320 0.145 3.140
One row bridging

Triple Span/ Uplift
One row bridging
(end span) 1192 0.031 1.000 0.010 1.261 0.137 3.065 | 1.192 0.031 1.000 0.010 1.239 0.157 2997 | 1.192 0.031 1.000 0.010 1306 0.138 3.130
Two row bridging
(internal span)

Triple Span/ Downwards

A 1.192 0.031 1.000 0.010 1.133 0.040 3.865 | 1.192 0.031 1.000 0.010 1.055 0.011 3.658 | 1.192 0.031 1.000 0.010 1065 0.027 3.677
No row bridging

Triple Span/ Downwards

S 1.192 0.031 1.000 0.010 1.050 0.082 3.517 | 1.192 0.031 1.000 0.010 1.011 0.070 3.428 | 1.192 0.031 1000 0.010 1.019 0.066 3.461
One row bridging
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Appendix 1: Purlins Test Results and Comparison with DSM - FELB Approach — Proposal 1

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S3S1 Z200-24 0 529 3.28 752 486.4 6.98 74.77 6.98 0.398 1.043 6.98 23.49 6.98 1.14 3.84 1.14 2.88 3.84 4.25 1.17 1.17 2.80
S3T4 C200-24 0 518 3.63 757 521.1 6.92 74.38 6.92 0.394 0.997 6.92 23.82 6.92 1.13 3.89 1.13 3.21 3.89 4.23 1.16 1.16 3.13
S5L1 Z200-25/1L 0 525 257 8156 5263 696 8220 | 6.96 0380 0.999 6.96 24.18 6.96 1.14 3.95 1.14 2.26 3.95 4.35 1.19 1.19 2.16
S5S1 Z200-19/S1 0 517 2.17 465.2 357.3 4.75 35.00 4.75 0.477 1.203 4.75 15.73 4.75 0.78 2.57 0.78 2.80 2.57 3.05 0.81 0.81 2.68
S7T1 Z20015/1 0 527 185 2925 3066 381 1719 | 3.81 0.601 1311 3.81 1206 3.81 0.62 1.97 0.62 2.98 1.97 2.06 0.57 0.57 3.25
S7T2 C20015/2 0 548 1.70 2979 301 377 1761 | 3.77 0593 1349 377 1223 3.77 0.62 2.00 0.62 2.76 2.00 1.99 0.55 0.55 3.09
S3T2 Z200-24 1 529 3.69 752 486.4 17.88 74.77 | 17.86 0.636 1.043 17.86 23.49 17.86 2.92 3.84 2.92 1.27 3.84 4.25 2.69 2.69 1.37
S3T5 C200-24 1 518 3.63 757 521.1 17.79 7438 | 17.75 0.631 0.997 17.75 23.82 17.75 2.90 3.89 2.90 1.25 3.89 4.23 2.84 2.84 1.28
S5L.2 Z200-25/2L 1 525 419 8318 5344 1811 85.11 | 1809 0.602 0.991 18.09 24.71 18.09 295 4.03 2.95 1.42 4.03 4.35 2.82 2.82 1.49
S5S82 Z200-19/S2R 1 517 2.28 475 359.1 1299 36.18 | 1299 0.778 1.200 1297 1591 1297 2.12 2.60 2.12 1.08 2.60 3.05 1.91 1.91 1.19
S7T3 C20015/3 1 512 1.77 297.9 301 1059 17.61 | 10.58 0.993 1.304 9.03 11.74 9.03 1.47 1.92 1.47 1.20 1.92 1.91 1.28 1.28 1.38
S8T2 C200-15/2 1 480 1.71 306.1 3024 992 1796 | 9.90 0954 1260 8.68 11.18 8.68 1.42 1.82 1.42 1.21 1.82 1.84 1.28 1.28 1.34
S8T3 C150-12/3 1 582 0.83 3249 323.6 3.50 12.14 3.50 0.799 1.341 3.43 6.12 3.43 0.56 1.00 0.56 1.48 1.00 1.05 0.49 0.49 1.69
S3T3 Z200-24 2 529 4.76 752 486.4 37.27 7477 | 2652 0.775 1.043 26.52 23.49 23.49 3.84 3.84 3.84 1.24 3.84 4.25 3.72 3.72 1.28
S3T6 C200-24 2 518 4.71 757 521.1 37.09 74.38 | 26.13 0.766 0.997 26.13 2382 2382 3.89 3.89 3.89 1.21 3.89 4.23 3.67 3.67 1.28
S5L3 Z200-25/2L 2 525 490 807.8 5289 38.27 8207 | 2692 0.747 0.996 26.92 2454 2454 401 4.01 4.01 1.22 4.01 4.35 3.69 3.69 1.33
S5S3 Z200-19/S3 2 517 274 4715 3652 27.03 3543 | 19.66 0.963 1.190 17.13 1592 1592 2.60 2.60 2.60 1.05 2.60 3.05 2.54 2.54 1.08
S7T5 C20015/5 2 510 1.95 297.9 301 21.42 1761 | 1554 1204 1302 1166 11.71 11.66 1.90 1.91 1.90 1.02 1.91 1.91 1.65 1.65 1.18
S8T1 C200-15/1 2 500 1.98 306.1 3024 20.04 1796 | 1488 1.170 1.286 11.39 1146 11.39 1.86 1.87 1.86 1.06 1.87 1.88 1.63 1.63 1.21
S8T4 C150-12/4 2 578 0.93 3249 323.6 7.02 12.14 6.65 1.102 1.336 5.30 6.09 5.30 0.87 0.99 0.87 1.07 0.99 1.05 0.84 0.84 1.11
S2T1 Z300-25* 00 485 433 3985 3854 3127 5493 | 31.27 0.804 1122 3059 4223 3059 295 3.73 2.95 1.47 4.08 4.07 2.83 2.83 1.53
S2T2 Z300-25* 11 485 493 3985 3854 58.27 5493 | 47.08 0.986 1.122 40.39 4223 40.39 3.90 3.73 3.73 1.32 4.08 4.07 4.01 4.01 1.23
S2T3 Z300-25** 2.2 485 5.77 385.2 366.4 108.2 5389 | 56.77 1.087 1.151 45.65 4252 4252 4.10 3.74 3.74 1.54 4.10 4.07 4.01 4.01 1.44
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Appendix 1: Purlins Test Results and Comparison with DSM - FELB Approach — Proposal 1

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S1T1 Z150-19 000 487 2.31 809.6 527.7 4.29 49.34 4.29 0.446 0.961 4.29 10.40 4.29 1.14 2.73 1.14 2.03 2.76 291 1.17 1.17 1.97
S1T4 Z200-15 000 520 2.58 301.7 275.6 6.97 17.61 6.97 0.813 1.374 6.77 11.12 6.77 1.79 2.63 1.79 1.44 2.95 2.85 1.72 1.72 1.50
S1T7 Z200-19 000 495 3.51 499.4 370.2 8.77 37.33 8.77 0.635 1.156 8.77 15.10 8.77 2.32 3.81 2.32 1.51 4.00 4.36 2.31 2.31 1.52
S1T2 Z150-19 111 487 263 809.6 5277 834 4934 | 819 0616 0961 819 1040 8.19 2.17 2.73 2.17 1.21 2.75 291 2.03 2.03 1.30
S1T5 Z200-15 111 520 2.94 301.7 2756 1481 17.61 | 1332 1.123 1.374 10.48 11.12 10.48 2.77 2.63 2.63 1.12 2.94 2.85 2.75 2.75 1.07
S1T8 Z200-19 111 495 4.28 499.4 370.2 1831 37.33 | 16.12 0.861 1.156 15.10 15.10 15.10 3.99 3.81 3.81 1.12 3.99 4.36 3.69 3.69 1.16
S6L1 Z150-19/L1 111 615 256 8056 5343 869 4948 | 869 0.635 1.073 8.69 1219 8.69 2.30 3.18 2.30 1.11 3.22 3.52 2.13 2.13 1.20
S6L2 Z200-19/L.2 111 517 3.81 4742 390.6 21.31 36.13 | 18.20 0.915 1.150 16.39 16.66 16.39 4.33 4.15 4.15 0.92 4.40 4.57 3.94 3.94 0.97
S6S1 Z200-15/S1 111 529 2.64 3039 2519 1488 18.21 | 13.59 1.119 1.449 10.72 11.07 10.72 2.84 2.64 2.64 1.00 2.93 2.74 2.58 2.58 1.02
S6S2 Z150-19/S2 111 527 271 8081 5375 882 5026 | 873 0632 099 873 1119 8.73 231 2.93 231 1.17 2.96 3.14 2.16 2.16 1.25
S1T3 Z150-19 212 487 2.98 809.6 527.7 1446 49.34 | 10.81 0.709 0.961 10.81 10.40 10.40 2.75 2.73 2.73 1.09 2.75 2.84 2.54 2.54 1.17
S1T9 Z200-19 212 495 4.55 499.4 370.2 3197 3733 | 1947 0.946 1.156 17.16 15.10 15.10 3.99 3.81 3.81 1.19 3.99 4.36 3.96 3.96 1.15
S8T5 Z200-15/5 212 529 2.93 305 304.1 2699 1787 | 16.88 1.246 1.319 1237 11.90 11.90 3.14 2.78 2.78 1.05 3.14 2.74 2.65 2.65 1.11
S8T6 Z150-19/6 212 546 3.37 784.1 5035 1524 51.90 | 12.03 0.751 1.041 12.03 11.24 11.24 2.97 2.94 2.94 1.14 2.97 3.15 2.58 2.58 1.31
S4T3 Z200-15/3 000 480 290 2971 2583 21.08 1752 | 1463 1.181 1.363 11.13 10.44 1044 2.76 2.50 2.50 1.16 2.76 2.90 2.90 2.76 1.05
S4T4 Z200-15/4 000 480 2.94 299 2589 2171 1787 | 1491 1.179 1362 1135 10.60 10.60 2.81 2.54 2.54 1.16 281 2.90 2.90 2.81 1.05
S4T5 Z150-19/5 000 480 292 7805 5245 13.05 4797 | 10.36 0.705 0.957 10.36 10.32 10.32 2.73 2.70 2.70 1.08 2.73 2.88 2.38 2.38 1.23
S4T1 Z200-19/1 111 480 3.97 464.4 364.7 8555 36.36 | 22.32 1.017 1.147 18.76 1572 15.72 4.15 3.95 3.95 1.01 4.15 4.49 4.22 4.15 0.96
S4T2 Z200-19/2 111 480 4.42 452.6 348.6 8440 3504 | 2216 1.030 1.173 1848 1535 15.35 4.05 3.85 3.85 1.15 4.05 4.49 4.22 4.05 1.09
S4T6 Z150-19/6 111 480 269 769.3 5131 36.58 4797 | 1291 0.790 0.967 12.77 10.31 1031 2.72 2.70 2.70 1.00 2.72 2.88 2.66 2.66 1.01
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Appendix 2: Purlins Test Results and Comparison with DSM - C-factor Approach — Proposal 1

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S3S1 Z200-24 0 529 3.28 752 486.4 2.76 74.77 2.76 0.250 1.043 2.76 23.49 2.76 0.45 3.84 0.45 7.27 3.84 4.25 0.63 0.63 5.21
S3T4 C200-24 0 518 3.63 757 521.1 388 7438 | 388 0.295 0.997 3.88 2382 388 0.63 3.89 0.63 5.73 3.89 4.23 0.64 0.64 5.67
S5L1 Z200-25/1L 0 525 2.57 815.6 526.3 2.70 82.20 2.70 0.237 0.999 2.70 24.18 2.70 0.44 3.95 0.44 5.83 3.95 4.35 0.62 0.62 4.15
S5S81 Z200-19/S1 0 517 217 4652 3573 202 3500 | 2.02 0311 1203 202 1573 2.02 0.33 2.57 0.33 6.58 2.57 3.05 0.43 0.43 5.05
S7T1 Z20015/1 0 527 185 2925 3066 171 1719 | 1.71 0.402 1311 171 1206 1.71 0.28 1.97 0.28 6.64 1.97 2.06 0.32 0.32 5.78
S7T2 C20015/2 0 548 1.70 2979 301 210 1761 | 210 0442 1349 210 1223 210 0.34 2.00 0.34 4.96 2.00 1.99 0.30 0.30 5.67
S3T2 Z200-24 1 529 3.69 752 486.4 1256 74.77 | 1256 0.533 1.043 1256 23.49 12.56 2.05 3.84 2.05 1.80 3.84 4.25 2.41 2.41 1.53
S3T5 C200-24 1 518 3.63 757 521.1 1490 74.38 | 1490 0.578 0.997 1490 23.82 14.90 2.43 3.89 2.43 1.49 3.89 4.23 2.44 2.44 1.49
S5L.2 Z200-25/2L 1 525 419 8318 5344 1260 85.11 | 1260 0503 0.991 1260 24.71 1260 2.06 4.03 2.06 2.04 4.03 4.35 2.42 2.42 1.73
S5S82 Z200-19/S2R 1 517 2.28 475 3591 930 36.18 | 930 0.658 1.200 9.30 1591 9.30 1.52 2.60 1.52 1.50 2.60 3.05 1.61 1.61 1.42
S7T3 C20015/3 1 512 1.77 2979 301 883 1761 | 883 0907 1304 799 11.74 7.99 1.30 1.92 1.30 1.36 1.92 1.91 1.10 1.10 1.61
S8T2 C200-15/2 1 480 1.71 306.1 3024 826 1796 | 8.26 0.872 1260 7.68 11.18 7.68 1.25 1.82 1.25 1.36 1.82 1.84 1.10 1.10 1.55
S8T3 C150-12/3 1 582 0.83 3249 323.6 2.92 12.14 2.92 0.730 1.341 2.92 6.12 2.92 0.48 1.00 0.48 1.74 1.00 1.05 0.42 0.42 1.98
S3T3 Z200-24 2 529 4.76 752 486.4 27.16 74.77 | 2354 0.730 1.043 2354 23.49 23.49 3.84 3.84 3.84 1.24 3.84 4.25 3.58 3.58 1.33
S3T6 C200-24 2 518 4.71 757 521.1 30.82 7438 | 2456 0.743 0.997 2456 2382 2382 3.89 3.89 3.89 1.21 3.89 4.23 3.52 3.52 1.34
S5L3 Z200-25/2L 2 525 490 807.8 5289 27.81 8207 | 2394 0.704 0.996 2394 2454 2394 3091 4.01 3.91 1.25 4.01 4.35 3.54 3.54 1.38
S5S3 Z200-19/S3 2 517 274 4715 3652 19.78 3543 | 17.39 0.906 1.190 15.77 1592 15.77 2.57 2.60 2.57 1.06 2.60 3.05 2.54 2.54 1.08
S7T5 C20015/5 2 510 1.95 297.9 301 18.74 1761 | 1484 1.177 1302 11.32 11.71 11.32 1.85 1.91 1.85 1.06 1.91 1.91 1.65 1.65 1.18
S8T1 C200-15/1 2 500 1.98 306.1 3024 1753 1796 | 14.18 1.142 1.286 11.03 1146 11.03 1.80 1.87 1.80 1.10 1.87 1.88 1.63 1.63 1.21
S8T4 C150-12/4 2 578 0.93 3249 323.6 6.14 12.14 6.06 1.052 1.336 4.98 6.09 4.98 0.81 0.99 0.81 1.14 0.99 1.05 0.78 0.78 1.19
S2T1 Z300-25* 00 485 433 3985 3854 766 5493 | 766 0398 1122 7.66 4223 7.66 0.74 3.73 0.74 5.85 4.08 4.07 1.23 1.23 3.52
S2T2 Z300-25* 11 485 493 3985 3854 2085 5493 | 2085 0.656 1.122 20.85 4223 2085 2.01 3.73 2.01 2.45 4.08 4.07 3.20 3.20 154
S2T3 Z300-25** 2.2 485 577 3852 366.4 42.03 53.89 | 40.34 00916 1.151 36.30 4252 36.30 3.50 3.74 3.50 1.65 4.10 4.07 4.01 4.01 1.44
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Appendix 2: Purlins Test Results and Comparison with DSM - C-factor Approach — Proposal 1

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S1T1 Z150-19 000 487 2.31 809.6 527.7 1.34 49.34 1.34 0.250 0.961 1.34 10.40 1.34 0.36 2.73 0.36 6.50 2.76 291 0.48 0.48 481
S1T4 Z200-15 000 520 2.58 301.7 275.6 2.42 17.61 2.42 0.478 1.374 2.42 11.12 2.42 0.64 2.63 0.64 4.03 2.95 2.85 0.65 0.65 3.97
S1T7 Z200-19 000 495 3.51 499.4 370.2 2.96 37.33 2.96 0.369 1.156 2.96 15.10 2.96 0.79 3.81 0.79 4.47 4.00 4.36 0.86 0.86 4.08
S1T2 Z150-19 111 487 2.63 809.6 527.7 5.87 49.34 5.87 0.522 0.961 5.87 10.40 5.87 1.55 2.73 1.55 1.69 2.75 291 1.67 1.67 1.57
S1T5 Z200-15 111 520 294 3017 2756 10.58 17.61 | 1056 1.000 1.374 897 1112 8.97 2.37 2.63 2.37 1.24 2.94 2.85 2.36 2.36 1.25
S1T8 Z200-19 111 495 4.28 499.4 370.2 1298 37.33 | 1290 0.770 1.156 12.90 15.10 12.90 3.41 3.81 341 1.26 3.99 4.36 3.05 3.05 1.40
S6L1 Z150-19/L1 111 615 256 8056 5343 6.07 4948 | 6.07 0531 1073 6.07 1219 6.07 1.60 3.18 1.60 1.60 3.22 3.52 1.84 1.84 1.39
S6L2 Z200-19/L.2 111 517 3.81 4742 390.6 15.21 36.13 | 1494 0.829 1.150 14.33 16.66 14.33 3.78 4.15 3.78 1.01 4.40 4.57 3.60 3.60 1.06
S6S1 Z200-15/S1 111 529 2.64 3039 2519 10.79 18.21 | 10.78 0.996 1.449 9.19 11.07 9.19 2.43 2.64 2.43 1.09 2.93 2.74 2.40 2.40 1.10
S6S2 Z150-19/S2 111 527 2.71 808.1 537.5 6.24 50.26 6.24 0.534 0.990 6.24 11.19 6.24 1.65 2.93 1.65 1.64 2.96 3.14 1.85 1.85 1.46
S1T3 Z150-19 212 487 2.98 809.6 527.7 8.46 49.34 8.27 0.620 0.961 8.27 10.40 8.27 2.18 2.73 2.18 1.36 2.75 2.84 2.11 2.11 1.41
S1T9 Z200-19 212 495 4.55 499.4 370.2 1871 37.33 | 16.28 0.865 1.156 15.20 15.10 15.10 3.99 3.81 3.81 1.19 3.99 4.36 3.77 3.77 1.21
S8T5 Z200-15/5 212 529 2.93 305 304.1 15.77 17.87 | 1399 1.135 1.319 10.93 11.90 10.93 2.89 2.78 2.78 1.05 3.14 2.74 2.65 2.65 1.11
S8T6 Z150-19/6 212 546 3.37 784.1 5035 8.95 51.90 8.90 0.646 1.041 8.90 11.24 8.90 2.35 2.94 2.35 1.43 2.97 3.15 2.25 2.25 1.50
S4T3 Z200-15/3 000 480 290 2971 2583 99.06 17.52 | 16.96 1.271 1.363 12.27 10.44 10.44 2.76 2.50 2.50 1.16 2.76 2.90 2.90 2.76 1.05
S4T4 Z200-15/4 000 480 2.94 299 2589 103.0 17.87 | 17.21 1.267 1.362 1247 10.60 10.60 2.81 2.54 2.54 1.16 281 2.90 2.90 2.81 1.05
S4T5 Z150-19/5 000 480 292 7805 5245 5730 4797 | 1282 0.784 0.957 1273 10.32 10.32 273 2.70 2.70 1.08 2.73 2.88 2.66 2.66 1.10
S4T1 Z200-19/1 111 480 3.97 464.4 364.7 152.2 36.36 | 22.32 1.017 1.147 18.76 15.72 15.72 4.15 3.95 3.95 1.01 4.15 4.49 4.22 4.15 0.96
S4T2 Z200-19/2 111 480 4.42 452.6 348.6 149.3 35.04 | 2216 1.030 1.173 18.48 1535 15.35 4.05 3.85 3.85 1.15 4.05 4.49 4.22 4.05 1.09
S4T6 Z150-19/6 111 480 269 769.3 5131 59.07 4797 | 1291 0.790 0.967 12.77 10.31 1031 2.72 2.70 2.70 1.00 2.72 2.88 2.66 2.66 1.01
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Appendix 3: Purlins Test Results and Comparison with DSM - FELB Approach — Proposal 2

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S3S1 Z200-24 0 529 3.28 752 486.4 6.98 74.77 6.98 0.398 1.043 6.98 23.49 6.98 1.14 4.83 1.14 2.88 3.84 4.25 1.17 1.17 2.80
S3T4 C200-24 0 518 3.63 757 521.1 6.92 74.38 6.92 0.394 0.997 6.92 23.82 6.92 1.13 4.78 1.13 3.21 3.89 4.23 1.16 1.16 3.13
S5L1 Z200-25/1L 0 525 257 8156 5263 696 8220 | 6.96 0380 0.999 6.96 24.18 6.96 1.14 4.95 1.14 2.26 3.95 4.35 1.19 1.19 2.16
S5S1 Z200-19/S1 0 517 2.17 465.2 357.3 4.75 35.00 4.75 0.477 1.203 4.75 15.73 4.75 0.78 3.10 0.78 2.80 2.57 3.05 0.81 0.81 2.68
S7T1 Z20015/1 0 527 185 2925 3066 381 1719 | 3.81 0.601 1311 3.81 1206 3.81 0.62 2.16 0.62 2.98 1.97 2.06 0.57 0.57 3.25
S7T2 C20015/2 0 548 1.70 2979 301 377 1761 | 3.77 0593 1349 377 1223 3.77 0.62 2.23 0.62 2.76 2.00 1.99 0.55 0.55 3.09
S3T2 Z200-24 1 529 3.69 752 486.4 17.88 74.77 | 17.86 0.636 1.043 17.86 23.49 17.86 2.92 4.83 2.92 1.27 3.84 4.25 2.69 2.69 1.37
S3T5 C200-24 1 518 3.63 757 521.1 17.79 7438 | 17.75 0.631 0.997 17.75 23.82 17.75 2.90 4.78 2.90 1.25 3.89 4.23 2.84 2.84 1.28
S5L.2 Z200-25/2L 1 525 419 8318 5344 1811 85.11 | 1809 0.602 0.991 18.09 24.71 18.09 295 5.06 2.95 1.42 4.03 4.35 2.82 2.82 1.49
S5S82 Z200-19/S2R 1 517 2.28 475 359.1 1299 36.18 | 1299 0.778 1.200 1297 1591 1297 2.12 3.15 2.12 1.08 2.60 3.05 1.91 1.91 1.19
S7T3 C20015/3 1 512 1.77 297.9 301 1059 17.61 | 10.58 0.993 1.304 9.03 11.74 9.03 1.47 2.13 1.47 1.20 1.92 1.91 1.28 1.28 1.38
S8T2 C200-15/2 1 480 1.71 306.1 3024 992 1796 | 9.90 0954 1260 8.68 11.18 8.68 1.42 2.03 1.42 1.21 1.82 1.84 1.28 1.28 1.34
S8T3 C150-12/3 1 582 0.83 3249 323.6 3.50 12.14 3.50 0.799 1.341 3.43 6.12 3.43 0.56 1.12 0.56 1.48 1.00 1.05 0.49 0.49 1.69
S3T3 Z200-24 2 529 4.76 752 486.4 37.27 7477 | 2652 0.775 1.043 26.52 23.49 23.49 3.84 4.83 3.84 1.24 3.84 4.25 3.72 3.72 1.28
S3T6 C200-24 2 518 4.71 757 521.1 37.09 74.38 | 26.13 0.766 0.997 26.13 2382 2382 3.89 4.78 3.89 1.21 3.89 4.23 3.67 3.67 1.28
S5L3 Z200-25/2L 2 525 490 807.8 5289 38.27 8207 | 2692 0.747 0.996 26.92 2454 2454 401 5.00 4.01 1.22 4.01 4.35 3.69 3.69 1.33
S5S3 Z200-19/S3 2 517 274 4715 3652 27.03 3543 | 19.66 0.963 1.190 17.13 1592 1592 2.60 3.13 2.60 1.05 2.60 3.05 2.54 2.54 1.08
S7T5 C20015/5 2 510 1.95 297.9 301 21.42 1761 | 1554 1204 1302 1166 11.71 11.66 1.90 2.12 1.90 1.02 1.91 1.91 1.65 1.65 1.18
S8T1 C200-15/1 2 500 1.98 306.1 3024 20.04 1796 | 1488 1.170 1.286 11.39 1146 11.39 1.86 2.09 1.86 1.06 1.87 1.88 1.63 1.63 1.21
S8T4 C150-12/4 2 578 0.93 3249 323.6 7.02 12.14 6.65 1.102 1.336 5.30 6.09 5.30 0.87 1.11 0.87 1.07 0.99 1.05 0.84 0.84 1.11
S2T1 Z300-25* 00 485 433 3985 3854 3127 5493 | 31.27 0.804 1122 3059 4223 3059 295 4.07 2.95 1.47 4.08 4.07 2.83 2.83 1.53
S2T2 Z300-25* 11 485 493 3985 3854 58.27 5493 | 47.08 0.986 1.122 40.39 4223 40.39 3.90 4.07 3.90 1.26 4.08 4.07 4.01 4.01 1.23
S2T3 Z300-25** 2.2 485 5.77 385.2 366.4 108.2 5389 | 56.77 1.087 1.151 45.65 4252 4252 4.10 4.10 4.10 1.41 4.10 4.07 4.01 4.01 1.44
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Appendix 3: Purlins Test Results and Comparison with DSM - FELB Approach — Proposal 2

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S1T1 Z150-19 000 487 2.31 809.6 527.7 4.29 49.34 4.29 0.446 0.961 4.29 10.40 4.29 1.14 3.37 1.14 2.03 2.76 291 1.17 1.17 1.97
S1T4 Z200-15 000 520 2.58 301.7 275.6 6.97 17.61 6.97 0.813 1.374 6.77 11.12 6.77 1.79 2.92 1.79 1.44 2.95 2.85 1.72 1.72 1.50
S1T7 Z200-19 000 495 3.51 499.4 370.2 8.77 37.33 8.77 0.635 1.156 8.77 15.10 8.77 2.32 4.54 2.32 1.51 4.00 4.36 2.31 2.31 1.52
S1T2 Z150-19 111 487 263 809.6 5277 834 4934 | 819 0616 0961 819 1040 8.19 2.17 3.37 2.17 1.21 2.75 291 2.03 2.03 1.30
S1T5 Z200-15 111 520 2.94 301.7 2756 1481 17.61 | 1332 1.123 1.374 10.48 11.12 10.48 2.77 2.92 2.77 1.06 2.94 2.85 2.75 2.75 1.07
S1T8 Z200-19 111 495 4.28 499.4 370.2 1831 37.33 | 16.12 0.861 1.156 15.10 15.10 15.10 3.99 454 3.99 1.07 3.99 4.36 3.69 3.69 1.16
S6L1 Z150-19/L1 111 615 256 8056 5343 869 4948 | 869 0.635 1.073 8.69 1219 8.69 2.30 3.94 2.30 1.11 3.22 3.52 2.13 2.13 1.20
S6L2 Z200-19/L.2 111 517 3.81 4742 390.6 21.31 36.13 | 18.20 0.915 1.150 16.39 16.66 16.39 4.33 4.77 4.33 0.88 4.40 4.57 3.94 3.94 0.97
S6S1 Z200-15/S1 111 529 2.64 3039 2519 1488 18.21 | 13.59 1.119 1.449 10.72 11.07 10.72 2.84 3.02 2.84 0.93 2.93 2.74 2.58 2.58 1.02
S6S2 Z150-19/S2 111 527 271 8081 5375 882 5026 | 873 0632 099 873 1119 8.73 231 3.61 231 1.17 2.96 3.14 2.16 2.16 1.25
S1T3 Z150-19 212 487 2.98 809.6 527.7 1446 49.34 | 10.81 0.709 0.961 10.81 10.40 10.40 2.75 3.37 2.75 1.09 2.75 2.84 2.54 2.54 1.17
S1T9 Z200-19 212 495 4.55 499.4 370.2 3197 3733 | 1947 0.946 1.156 17.16 15.10 15.10 3.99 454 3.99 1.14 3.99 4.36 3.96 3.96 1.15
S8T5 Z200-15/5 212 529 2.93 305 304.1 2699 1787 | 16.88 1.246 1.319 1237 11.90 11.90 3.14 3.00 3.00 0.98 3.14 2.74 2.65 2.65 1.11
S8T6 Z150-19/6 212 546 3.37 784.1 5035 1524 51.90 | 12.03 0.751 1.041 12.03 11.24 11.24 2.97 3.68 2.97 1.14 2.97 3.15 2.58 2.58 1.31
S4T3 Z200-15/3 000 480 290 2971 2583 21.08 1752 | 1463 1.181 1.363 11.13 10.44 1044 2.76 2.83 2.76 1.05 2.76 2.90 2.90 2.76 1.05
S4T4 Z200-15/4 000 480 2.94 299 2589 2171 1787 | 1491 1.179 1362 1135 10.60 10.60 2.81 2.88 281 1.05 281 2.90 2.90 2.81 1.05
S4T5 Z150-19/5 000 480 292 7805 5245 13.05 4797 | 10.36 0.705 0.957 10.36 10.32 10.32 2.73 331 2.73 1.07 2.73 2.88 2.38 2.38 1.23
S4T1 Z200-19/1 111 480 3.97 464.4 364.7 8555 36.36 | 22.32 1.017 1.147 18.76 1572 15.72 4.15 4.60 4.15 0.96 4.15 4.49 4.22 4.15 0.96
S4T2 Z200-19/2 111 480 4.42 452.6 348.6 8440 3504 | 2216 1.030 1.173 1848 1535 15.35 4.05 4.52 4.05 1.09 4.05 4.49 4.22 4.05 1.09
S4T6 Z150-19/6 111 480 269 769.3 5131 36.58 4797 | 1291 0.790 0.967 12.77 10.31 1031 2.72 3.32 2.72 0.99 2.72 2.88 2.66 2.66 1.01
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Appendix 4: Purlins Test Results and Comparison with DSM - C-factor Approach — Proposal 2

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S3S1 Z200-24 0 529 3.28 752 486.4 2.76 74.77 2.76 0.250 1.043 2.76 23.49 2.76 0.45 4.83 0.45 7.27 3.84 4.25 0.63 0.63 5.21
S3T4 C200-24 0 518 3.63 757 521.1 388 7438 | 388 0.295 0.997 3.88 2382 388 0.63 4.78 0.63 5.73 3.89 4.23 0.64 0.64 5.67
S5L1 Z200-25/1L 0 525 2.57 815.6 526.3 2.70 82.20 2.70 0.237 0.999 2.70 24.18 2.70 0.44 4.95 0.44 5.83 3.95 4.35 0.62 0.62 4.15
S5S81 Z200-19/S1 0 517 217 4652 3573 202 3500 | 2.02 0311 1203 202 1573 2.02 0.33 3.10 0.33 6.58 2.57 3.05 0.43 0.43 5.05
S7T1 Z20015/1 0 527 185 2925 3066 171 1719 | 1.71 0.402 1311 171 1206 1.71 0.28 2.16 0.28 6.64 1.97 2.06 0.32 0.32 5.78
S7T2 C20015/2 0 548 1.70 2979 301 210 1761 | 210 0442 1349 210 1223 210 0.34 2.23 0.34 4.96 2.00 1.99 0.30 0.30 5.67
S3T2 Z200-24 1 529 3.69 752 486.4 1256 74.77 | 1256 0.533 1.043 1256 23.49 12.56 2.05 4.83 2.05 1.80 3.84 4.25 2.41 2.41 1.53
S3T5 C200-24 1 518 3.63 757 521.1 1490 74.38 | 1490 0.578 0.997 1490 23.82 14.90 2.43 4.78 2.43 1.49 3.89 4.23 2.44 2.44 1.49
S5L.2 Z200-25/2L 1 525 419 8318 5344 1260 85.11 | 1260 0503 0.991 1260 24.71 1260 2.06 5.06 2.06 2.04 4.03 4.35 2.42 2.42 1.73
S5S82 Z200-19/S2R 1 517 2.28 475 3591 930 36.18 | 930 0.658 1.200 9.30 1591 9.30 1.52 3.15 1.52 1.50 2.60 3.05 1.61 1.61 1.42
S7T3 C20015/3 1 512 1.77 2979 301 883 1761 | 883 0907 1304 799 11.74 7.99 1.30 2.13 1.30 1.36 1.92 1.91 1.10 1.10 1.61
S8T2 C200-15/2 1 480 1.71 306.1 3024 826 1796 | 8.26 0.872 1260 7.68 11.18 7.68 1.25 2.03 1.25 1.36 1.82 1.84 1.10 1.10 1.55
S8T3 C150-12/3 1 582 0.83 3249 323.6 2.92 12.14 2.92 0.730 1.341 2.92 6.12 2.92 0.48 1.12 0.48 1.74 1.00 1.05 0.42 0.42 1.98
S3T3 Z200-24 2 529 4.76 752 486.4 27.16 74.77 | 2354 0.730 1.043 2354 23.49 23.49 3.84 4.83 3.84 1.24 3.84 4.25 3.58 3.58 1.33
S3T6 C200-24 2 518 4.71 757 521.1 30.82 7438 | 2456 0.743 0.997 2456 2382 2382 3.89 4.78 3.89 1.21 3.89 4.23 3.52 3.52 1.34
S5L3 Z200-25/2L 2 525 490 807.8 5289 27.81 8207 | 2394 0.704 0.996 2394 2454 2394 3091 5.00 3.91 1.25 4.01 4.35 3.54 3.54 1.38
S5S3 Z200-19/S3 2 517 2.74 4715 365.2 19.78 3543 | 17.39 0.906 1.190 15.77 1592 15.77 2.57 3.13 2.57 1.06 2.60 3.05 2.54 2.54 1.08
S7T5 C20015/5 2 510 1.95 297.9 301 18.74 1761 | 1484 1.177 1302 11.32 11.71 11.32 1.85 2.12 1.85 1.06 1.91 1.91 1.65 1.65 1.18
S8T1 C200-15/1 2 500 1.98 306.1 3024 1753 1796 | 14.18 1.142 1.286 11.03 1146 11.03 1.80 2.09 1.80 1.10 1.87 1.88 1.63 1.63 1.21
S8T4 C150-12/4 2 578 0.93 3249 323.6 6.14 12.14 6.06 1.052 1.336 4.98 6.09 4.98 0.81 1.11 0.81 1.14 0.99 1.05 0.78 0.78 1.19
S2T1 Z300-25* 00 485 433 3985 3854 766 5493 | 766 0398 1122 7.66 4223 7.66 0.74 4.07 0.74 5.85 4.08 4.07 1.23 1.23 3.52
S2T2 Z300-25* 11 485 493 3985 3854 2085 5493 | 2085 0.656 1.122 20.85 4223 2085 2.01 4.07 2.01 2.45 4.08 4.07 3.20 3.20 154
S2T3 Z300-25** 2.2 485 577 3852 366.4 42.03 53.89 | 40.34 00916 1.151 36.30 4252 36.30 3.50 4.10 3.50 1.65 4.10 4.07 4.01 4.01 1.44
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Appendix 4: Purlins Test Results and Comparison with DSM - C-factor Approach — Proposal 2

DSM EWM

Test Section Bridging fy ar for foa Mo Vy
(MPa) T (MPa) - (MPa) G800 | B g e T i G G o | Goum) o) G (o o
S1T1 Z150-19 000 487 2.31 809.6 527.7 1.34 49.34 1.34 0.250 0.961 1.34 10.40 1.34 0.36 3.37 0.36 6.50 2.76 291 0.48 0.48 481
S1T4 Z200-15 000 520 2.58 301.7 275.6 2.42 17.61 2.42 0.478 1.374 2.42 11.12 2.42 0.64 2.92 0.64 4.03 2.95 2.85 0.65 0.65 3.97
S1T7 Z200-19 000 495 3.51 499.4 370.2 2.96 37.33 2.96 0.369 1.156 2.96 15.10 2.96 0.79 4.54 0.79 4.47 4.00 4.36 0.86 0.86 4.08
S1T2 Z150-19 111 487 2.63 809.6 527.7 5.87 49.34 5.87 0.522 0.961 5.87 10.40 5.87 1.55 3.37 1.55 1.69 2.75 291 1.67 1.67 1.57
S1T5 Z200-15 111 520 294 3017 2756 1058 17.61 | 10.56 1.000 1.374 8.97 11.12  8.97 2.37 2.92 2.37 1.24 2.94 2.85 2.36 2.36 1.25
S1T8 Z200-19 111 495 4.28 499.4 370.2 1298 37.33 | 1290 0.770 1.156 12.90 15.10 12.90 3.41 454 341 1.26 3.99 4.36 3.05 3.05 1.40
S6L1 Z150-19/L1 111 615 256 805.6 5343 6.07 4948 | 6.07 0531 1.073 6.07 12.19 6.07 1.60 3.94 1.60 1.60 3.22 3.52 1.84 1.84 1.39
S6L2 Z200-19/L.2 111 517 3.81 4742 390.6 15.21 36.13 | 1494 0.829 1.150 14.33 16.66 14.33 3.78 4.77 3.78 1.01 4.40 4.57 3.60 3.60 1.06
S6S1 Z200-15/S1 111 529 2.64 3039 2519 10.79 18.21 | 10.78 0.996 1.449 9.19 11.07 9.19 2.43 3.02 2.43 1.09 2.93 2.74 2.40 2.40 1.10
S6S2 Z150-19/S2 111 527 2.71 808.1 537.5 6.24 50.26 6.24 0.534 0.990 6.24 11.19 6.24 1.65 3.61 1.65 1.64 2.96 3.14 1.85 1.85 1.46
S1T3 Z150-19 212 487 2.98 809.6 527.7 8.46 49.34 8.27 0.620 0.961 8.27 10.40 8.27 2.18 3.37 2.18 1.36 2.75 2.84 211 211 1.41
S1T9 Z200-19 212 495 4.55 499.4 370.2 1871 37.33 | 16.28 0.865 1.156 15.20 15.10 15.10 3.99 454 3.99 1.14 3.99 4.36 3.77 3.77 1.21
S8T5 Z200-15/5 212 529 2.93 305 304.1 15.77 17.87 | 1399 1.135 1.319 10.93 11.90 10.93 2.89 3.00 2.89 1.02 3.14 2.74 2.65 2.65 1.11
S8T6 Z150-19/6 212 546 3.37 784.1 5035 8.95 51.90 8.90 0.646 1.041 8.90 11.24 8.90 2.35 3.68 2.35 1.43 2.97 3.15 2.25 2.25 1.50
S4T3 Z200-15/3 000 480 290 297.1 2583 99.06 1752 | 16.96 1.271 1.363 12.27 10.44 1044 276 2.83 2.76 1.05 2.76 2.90 2.90 2.76 1.05
S4T4 Z200-15/4 000 480 2.94 299 258.9 103.0 17.87 | 17.21 1.267 1.362 1247 1060 10.60 2.81 2.88 2.81 1.05 2.81 2.90 2.90 2.81 1.05
S4T5 Z150-19/5 000 480 2.92 780.5 5245 5730 4797 | 1282 0.784 0.957 12.73 10.32 10.32 2.73 3.31 2.73 1.07 2.73 2.88 2.66 2.66 1.10
S4T1 Z200-19/1 111 480 3.97 464.4 364.7 152.2 36.36 | 22.32 1.017 1.147 18.76 15.72 15.72 4.15 4.60 4.15 0.96 4.15 4.49 4.22 4.15 0.96
S4T2 Z200-19/2 111 480 4.42 452.6 348.6 149.3 35.04 | 2216 1.030 1.173 18.48 1535 15.35 4.05 4.52 4.05 1.09 4.05 4.49 4.22 4.05 1.09
S4T6 Z150-19/6 111 480 269 769.3 513.1 59.07 4797 | 1291 0.790 0.967 12.77 10.31 1031 272 3.32 2.72 0.99 2.72 2.88 2.66 2.66 1.01
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