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NOTE

Evaluation of CSA S16-14 asymmetry parameter for
singly-symmetric beams
James C. Koch, Robert G. Driver, Yong Li, and Michael Manarin

Abstract: The provisions in the Canadian design standard S16, Design of Steel Structures, for determining the lateral–torsional
buckling capacity of unequal-flange I-shaped beams employ an asymmetry parameter, �x, that is a function of the cross-sectional
shape. It has been observed that the approximate equation for this parameter in the standard can be highly inaccurate in some
cases. A study was completed to compare the approximate values of �x to the exact solutions for 16 312 singly-symmetric
I-sections and 188 standard WT-shapes from the CISC Handbook of Steel Construction. It is concluded that the current standard
provides extremely variable results, but is generally conservative for use in design, with the exception of T-sections, as
long as the larger flange is in compression. Recommendations for adoption into the next edition of the standard are
provided.

Key words: asymmetry parameter, lateral–torsional buckling, singly-symmetric, WT-shapes.

Résumé : Les dispositions de la norme de conception canadienne S16, conception de structures d’acier, pour déterminer la
résistance au flambage latéral torsionnel d’une poutre en I de membrures inégales emploient un paramètre d’asymétrie, �x,
qui est une fonction de la forme de section transversale. Il fut constaté que l’équation approximative pour ce paramètre
selon la norme peut être très inexacte dans certains cas. Une étude fut réalisée afin de comparer les valeurs approximatives
de �x avec les solutions exactes pour 16 312 sections en I monosymétriques et 188 formes WT standard du « CISC Handbook of Steel
Construction ». On en conclut que la norme actuelle fournit des résultats extrêmement variables, mais qu’elle est généralement
prudente au niveau de son utilisation dans la conception, à l’exception de sections en T, tant que la plus grande membrure est en
compression. Les recommandations en vue de leur adoption dans la prochaine édition de la norme sont fournies. [Traduit par
la Rédaction]

Mots-clés : paramètre d’asymétrie, flambage latéral torsionnel, monosymétrique, formes WT.

Introduction
Lateral–torsional buckling (LTB) can be the governing ultimate

limit state for I-shaped beams in a wide variety of typical struc-
tures. This phenomenon must therefore be understood by the
structural engineer to ensure safe and efficient designs. The be-
haviour of doubly-symmetric I-sections susceptible to global
instability is well-researched, and provisions in modern design
standards (e.g., CSA 2014a; AISC 2016) are fairly consistent and
easy to apply. However, LTB response of beams with singly-
symmetric I-sections tends to be significantly more complex, re-
quiring additional theoretical knowledge to ensure that design
provisions are appropriately applied.

An early theoretical overview of the challenges of evaluating
the stability of singly-symmetric I-shaped beams was introduced
by Anderson and Trahair (1972), who also presented experimental
results on elastic LTB of singly-symmetric cantilever beams. The
main difference between the LTB behaviour of beams with doubly-
symmetric and singly-symmetric I- and T-sections arises due to
the so-called “Wagner effect”. This effect—identified initially by
Wagner (1936) in the context of torsional buckling of columns—is
produced by the twisting of a member, which causes axial stresses
to exert either a disturbing or restraining torque depending
on whether they are, respectively, compressive or tensile. This
torque can therefore be considered to decrease or increase the

torsional stiffness of the member depending on the sign of the
axial stress. For LTB of beams with doubly-symmetric I-sections,
the symmetric nature of the axial compressive and tensile stresses
render the Wagner effect inconsequential (Anderson and Trahair
1972). Conversely, beams with singly-symmetric I-sections experi-
ence either a decrease or an increase in torsional stiffness depend-
ing on which flange is in compression.

The complex nature of LTB of singly-symmetric I-sections has
led to proposals for simplifying the calculations of certain re-
quired cross-sectional parameters for design applications. In par-
ticular, the Canadian design standard (CSA 2014a) provides an
approximate equation for the asymmetry parameter, �x, which is
a geometric variable required to solve the governing elastic differ-
ential equations for LTB of beams. It has been noted that for
extreme singly-symmetric I-sections, this approximation can re-
sult in large errors in the value of �x and this paper examines the
extent and nature of these errors by comparing the current pro-
visions of the standard (CSA 2014a) with the closed-form solution.

Background and literature review
A comprehensive review of LTB can be found in structural en-

gineering textbooks (e.g., Galambos 1968), and only a brief over-
view of the most relevant concepts is included here. For an
initially-straight prismatic singly-symmetric beam with end mo-
ments acting about the major principal cross-sectional axis, elas-
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tic LTB can be described by the following coupled governing
differential equations, where the principal cross-sectional axes
are defined as the x- (major) and y- (minor) axes and the origin is
positioned at the geometric centroid of the cross-section:

(1) EIyu
iv � Mx�

′′ � 2M ′
x�

′ � 0

(2) ECw�iv � (GJ � Mx�x)�
′′ � M ′

x�x�
′ � Mxu

′′ � 0

where E is the modulus of elasticity, Iy is the cross-sectional second
moment of area about the y-axis, u is the lateral deflection of the
beam shear centre, Mx is the internal bending moment about the
x-axis, � is the cross-sectional rotation about the longitudinal
beam axis (twist), Cw is the warping torsional constant, G is the
elastic shear modulus, J is the St. Venant torsional constant, and
the prime symbol indicates differentiation with respect to the
longitudinal axis. The asymmetry parameter referenced to the
axis about which bending takes place, �x, is defined as1

(3) �x �
1
Ix
�

A
y(x2 � y2)dA � 2y0

where Ix is the cross-sectional second moment of area about the
x-axis, A is the cross-sectional area, x and y represent the coordi-
nates along the x- and y-axes of any point on the cross-section, and
y0 is the y-coordinate of the cross-sectional shear centre with re-
spect to the centroid. Relevant cross-sectional dimensions are de-
fined in Fig. 1, where a variety of singly-symmetric I-sections are
depicted, including the extreme case of a T-section. (It is noted
that y-dimensions in Fig. 1 that are topped with a bar symbol are to
be treated in the following discussion as absolute values.) The
y-axis is taken as the axis of symmetry with a positive orientation
downward, and the moment is assumed to be applied about the
x-axis with the resulting compression and tension zones identi-
fied in Fig. 1 for the special case of positive bending. The parameter

� �
Iyc

Iyc�Iyt
, where Iyc and Iyt are the y-axis second moments of area

of the compression and tension flanges, respectively, is com-
monly used as a convenient way to characterize the relative sizes
of the compression and tension flanges, varying from 0 (T-section

with the flange in tension) to 0.5 (doubly-symmetric section) to 1.0
(T-section with the flange in compression). Although �x is nomi-
nally a cross-sectional parameter, in the form presented here it
also possesses a sign that effectively identifies whether compres-
sion occurs in the larger (positive �x) or smaller (negative �x)
flange, as indicated for positive bending in Fig. 1. This sign con-
vention is equally valid for negative bending, as well as when the
moment reverses sign within the unbraced beam segment. In the
latter case, the signs of the bending moment and �x reverse at
the same point along the beam.

A fundamental difference between doubly- and singly-symmetric
I-sections is that for the former the shear centre and centroid
coincide, resulting in a value of zero for both y0 and, as can be
deduced from eq. (3), �x. This outcome allows a significant simpli-
fication in the governing differential equations that leads ulti-
mately to simpler and more transparent provisions in design
standards. (A similar outcome, where �x = 0, occurs for singly-
symmetric sections bent about their axis of symmetry.) For singly-
symmetric I- and T-sections bent about the x-axis, �x can be
expanded based on the geometry of these sections, with fillets
neglected, as

(4) �x
I �

1
Ix
�(h � ȳ)�bt

3tt

12
� bttt(h � ȳ)2 �

w
4

(h � ȳ)3�
� ȳ�bc

3tc

12
� bctcȳ2 �

w
4

ȳ3�� � 2y0

(5) �x
T �

1
Ix
�w

4 �(d � ȳc)
4 � �ȳc �

t
2�4�

� bt�ȳc �
t
2��b2

12
� �ȳc �

t
2�2�� � 2y0

where the superscript applied to �x is indicative of the cross-
sectional shape.

The asymmetry parameter, �x, in the current Canadian design
standard (CSA 2014a) for singly-symmetric I-sections is based on
the work of Kitipornchai and Trahair (1980), who proposed the
following form (assuming the flanges have the same thickness, t):

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjce-2018-0223.

Fig. 1. Singly-symmetric I-sections and symbol definitions: (a), (b) correspond to negative �x and (c), (d) correspond to positive �x.
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(6) �x,K&T � 0.9(d � t)(2� � 1)�1 � �Iy

Ix
�2�

In deriving and calibrating eq. (6), the aforementioned researchers

considered flange width-to-thickness ratios of 4 ≤
b
t

≤ 64, flange-to-

web-thickness ratios of 0.1 ≤
t
w

≤ 2.0, and depth-to-web-thickness

ratios of 10 ≤
d
w

≤ 290. Of particular note, they excluded any beam

cross-sections where
Iy

Ix
� 0.5 in the development of eq. (6). Within

these constraints, a zero mean error with a standard deviation of
0.037 was reported for over 3000 beam cross-sections considered.

Standard S16 (CSA 2009) adopted eq. (6), albeit without any of
the geometric restrictions imposed by the original researchers,
and applied a further modification recommended by Kitipornchai

and Trahair (1980) by replacing the parameter � by
Iyc

Iy
:

(7) �x,S16 � 0.9(d � t)�2
Iyc

Iy
� 1��1 � �Iy

Ix
�2�

Comparison study of asymmetry parameter, �x
The accuracy of eqs. (6) and (7) was investigated by utilizing

281 W-shapes from the Handbook of Steel Construction (CISC 2017) to
generate 16 312 singly-symmetric I-sections by independently re-
ducing each flange in increments of 10 mm until each I-section
reduces to a T-section. (For simplicity of analysis, fillets are ne-
glected; the influence of this assumption is addressed subse-
quently.) These generated sections provide the starting point for
the comparison study of �x. The properties of the generated
T-sections do not necessarily reflect the standard WT-shapes des-
ignated in the Handbook (CISC 2017), as their stems are generally
much deeper; however, the method produces a broad set of refer-
ence geometries for singly-symmetric I-sections.

Generated singly-symmetric I-sections
Figure 2 shows that compared to the exact value eq. (3), eqs. (6)

and (7) produce errors in the asymmetry parameter, �x, that vary
drastically depending on the degree of single-symmetry, �. The
asymmetry of the curves generated from eq. (7) (Fig. 2b) reflects

the fact that when � = 0.5,
Iyc

Iy
is not equal to 0.5 due to the presence

of the web, and therefore �x is not equal to 0. As the value of �x is
small when � is near 0.5, the percent error can be large even if the
absolute error is not; moreover, the sign of �x generated from

eq. (7) in this region of the graph can be opposite of its true sign.
(Note that a negative percent error is consistent with a conserva-
tive beam moment capacity estimate for design, whereas a posi-
tive error is non-conservative in this respect. Arguably, however,
when the sign of the �x estimate becomes opposite of the true sign

due to
Iy

Ix
� 1.0, it should be recognized by the designer as a gross

inaccuracy and the concept of “conservatism” loses its common
meaning.)

Of all singly-symmetric I-sections considered, if the yield stress
is taken as 350 MPa, 1.8% are Class 4; nevertheless, no fundamen-
tal difference was observed from the outcomes for Classes 1, 2, and
3 sections. (It is noted that web classes are determined using the
Canadian Highway Bridge Design Code (CSA 2014b), as these provi-
sions are expected to be adopted into the 2019 edition of S16.) It is
evident from Fig. 2, that both eqs. (6) and (7) can lead to large
errors in �x, particularly for T-sections (and for I-sections where
one flange is very small).

Isolating the 562 generated T-sections from the full database,

Fig. 3 shows that the percent errors are higher at larger
Iy

Ix
ratios.

As the generated T-sections tend to have very slender stems, 44%
are Class 4 (99% of those have the stem in compression); however,
since they follow similar trends to those of other section classes,
they are retained in the analysis.

Standard WT-shapes
For standard WT-shapes, the asymmetry parameter, �x, is pro-

vided explicitly in the Handbook (CISC 2017) section data tables and
it includes the effect of the fillets. To assess the influence of the
fillets on the value of �x the Handbook values were compared to
values determined using eq. (5), which neglects the fillets but is
otherwise exact. The effect of the fillets on the value of �x is less
than 1% for all the WT-shapes and is thus considered negligible in
this paper.

For standard WT-shapes potentially susceptible to LTB

�Iy

Ix
	 1.0�, the percent error ranges from +12.5% to –80% as shown

in Fig. 4, where only cases with the flange in compression are

included (� = 1.0). The large negative errors for large values of
Iy

Ix
arise because the structure of the approximate equations is such

that when
Iy

Ix
approaches 1.0 the value of �x approaches 0 and

when
Iy

Ix
exceeds 1.0 the value of �x becomes negative even though

Fig. 2. Percent error of �x for generated singly-symmetric I-sections: (a) eq. (6) (Kitipornchai and Trahair 1980) and (b) eq. (7) (CSA 2014a).
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the flange is in compression, which by definition corresponds to a

positive �x. As
Iy

Ix
increases in magnitude beyond 1.0, both the

magnitude and percent error of �x increase rapidly with the error

rising as high as –14 000% for
Iy

Ix
� 5.0, although this is only of

theoretical interest since LTB would not occur. This observation

reflects the fact that no cases where
Iy

Ix
� 0.5 were considered by

Kitipornchai and Trahair (1980) in the development of eq. (6).
Nevertheless, as indicated previously, negative errors are conser-
vative for determining the design moment capacity of a beam.

As indicated in Fig. 4, when
Iy

Ix
	 0.5 the negative errors do not

Fig. 3. Percent error of �x for generated T-Sections: (a) eq. (6) (Kitipornchai and Trahair 1980) and (b) eq. (7) (CSA 2014a).

Fig. 4. Percent error of �x for standard WT-shapes: (a) eq. (6) (Kitipornchai and Trahair 1980) and (b) eq. (7) (CSA 2014a).
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exceed 3.2%; however, positive errors (non-conservative) can
reach 12.5%.

Discussion
From the foregoing analysis of singly-symmetric I-sections, in-

cluding T-sections, it has been revealed that large errors can occur
when determining the asymmetry parameter, �x, by either eq. (6)
(Kitipornchai and Trahair 1980) or eq. (7) (CSA 2014a). As shown in
Fig. 2, the largest errors occur for T-sections—or I-sections with
one flange very much smaller than the other—although errors are
also large for sections that are nearly doubly-symmetric when
determined using eq. (7). In the latter case, large yet conservative
errors are of less concern when determining LTB capacity as the
values of �x themselves are small. Figure 3 shows that the greatest
errors for T-sections are those corresponding to large values of
Iy

Ix
. The errors obtained using eqs. (6) and (7) are identical when � = 0,

but are slightly different when � = 1.0. Figure 4 indicates that when
using standard WT-shapes with the flange in compression, very
large errors occur using both eqs. (6) and (7). Although the largest

of these errors occur when
Iy

Ix
is large, the greatest positive error

(non-conservative) occurs for small values of
Iy

Ix
.

When evaluating the accuracy of the approximate equations for
estimating the asymmetry parameter, it must be borne in mind
that errors in the value of �x do not translate directly to errors in
the calculated design moment capacity. As a preliminary evalua-
tion of the effect on the elastic critical buckling moment of using
eqs. (6) and (7) to estimate �x, all cross-sections considered were
analyzed under a constant moment using the shortest beam
length for which elastic LTB (neglecting residual stresses) is the
governing limit state. Errors in the critical moments were found
to be within the range of +7.5% (non-conservative) to –10% (conser-
vative), with extreme singly-symmetric sections (e.g., T-sections)
showing the greatest error. Other aspects that may further miti-
gate the impact of errors in the estimation of �x include inelastic
LTB behaviour and moment gradient effects. Also, the common
case of orienting the beam so that the larger flange is in compres-
sion results in a conservative estimate of �x, with the exception of

T-sections with small values of
Iy

Ix
.

By plotting �x values of three standard W-shapes with substan-
tially different geometric properties and their corresponding gen-
erated singly-symmetric sections, the characteristic shape of the
�x versus � curve becomes evident, as seen in Fig. 5. While the
curve is relatively linear over most of the range of �, for extreme

singly-symmetric I-sections and T-sections this relationship tends
to break down.

Mathematically, the large percent errors generated by eqs. (6)
and (7) for extreme singly-symmetric I-sections are exacerbated by
the extreme non-linearity of �x near the extremities of the inter-
val 0 ≤ � ≤ 1.0. This raises the possibility of limiting the application
of either eq. (6) or (7) to within certain limits based on the value of
�. Figure 2 shows that limits of 0.1 ≤ � ≤ 0.9 would exclude the
most extreme errors in the values of �x on both the conservative
and non-conservative sides. If the equations are then further re-
stricted only to cases where the larger flange is in compression
(0.5 < � ≤ 0.9), all non-conservative cases are eliminated.

Conclusion
The equation in the current Canadian design standard S16 (CSA

2014a) for estimating the asymmetry parameter, �x, for singly-
symmetric sections subjected to flexure has been observed to pro-
vide significant errors, especially for T-sections. However, for
I-sections with the larger flange in compression, the error gener-
ally results in a conservative estimate of the moment capacity of
the beam for use in design.

While exact methods are available for determining �x, they
tend to be cumbersome in a design context. To enforce the bench-
marks of �x = 0 for doubly-symmetric beams and � = 1.0 for
T-sections with the flange in compression, it is recommended that
in the 2019 edition of CSA Standard S16 eq. (6) be adopted as an
alternative to more accurate methods with the added restriction
that 0.1 < � ≤ 0.9. Further restricting this range to 0.5 < � ≤ 0.9
would limit errors in �x to those that are conservative for design,
but even over the full proposed range the error does not exceed
9%. For WT-shapes, accurate values of �x are tabulated in the
Handbook (CISC 2017) and for custom T-sections eq. (5) can be used.
Further research is needed to provide a complete understanding
of the effect of using approximate values of �x on the design LTB
capacity of beams with singly-symmetric I-sections, and T-sections.

Acknowledgements
This research was funded by the Natural Sciences and Engineer-

ing Research Council, as well as the CISC Centre for Steel Struc-
tures Education and Research and the Faculty of Engineering at
the University of Alberta. An early study by Po Sun that laid the
foundation for this work is acknowledged.

References
AISC. 2016. ANSI/AISC 360-16: Specification for structural steel buildings. Amer-

ican Institute of Steel Construction, Chicago, Ill.

Fig. 5. �x as a function of � for singly-symmetric sections generated from: (a) W1100×499, (b) W360×592, and (c) W250×25.

234 Can. J. Civ. Eng. Vol. 46, 2019

Published by NRC Research Press

C
an

. J
. C

iv
. E

ng
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

K
oc

h 
on

 0
8/

29
/2

2
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



Anderson, J.M., and Trahair, N.S. 1972. Stability of monosymmetric beams and
cantilevers. Journal of the Structural Division, 98(ST1): 269–286.

CISC. 2017. Handbook of steel construction. 11th ed. Canadian Institute of Steel
Construction, Toronto, Ont.

CSA. 2009. CSA S16: Design of steel structures. Canadian Standards Association,
Toronto, Ont.

CSA. 2014a. CSA S16: Design of steel structures. Canadian Standards Association,
Toronto, Ont.

CSA. 2014b. CSA S6-14: Canadian highway bridge design code. Canadian Stan-
dards Association, Toronto, Ont.

Galambos, T.V. 1968. Structural members and frames. Prentice-Hall, Upper
Saddle River, NJ.

Kitipornchai, S., and Trahair, N.S. 1980. Buckling properties of monosymmetric
I-beams. Journal of the Structural Division, 106(ST5): 941–957.

Wagner, H. 1936. Verdrehung und knickung von offenen profilen (Torsion and
buckling of open sections). 25th Anniversary Publications, Technische Hoch-
schule, Danzig 1904–1929. Translated NACA Technical Memorandum No.
807, National Advisory Committee for Aeronautics, Washington, D.C.

Koch et al. 235

Published by NRC Research Press

C
an

. J
. C

iv
. E

ng
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

K
oc

h 
on

 0
8/

29
/2

2
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages true
	/ColorSettingsFile (None)
	/AutoRotatePages /PageByPage
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


