[Document Type] Specification

[Title of the Invention] METHOD OF DESIGNING ROLLED H-SECTION STEEL,
ROLLED H-SECTION STEEL, AND METHOD OF MANUFACTURING ROLLED
H-SECTION STEEL

[Technical Field of the Invention]

[0001]

The present invention relates to a method of designing a rolled H-section steel,
arolled H-section steel, and a method of manufacturing a rolled H-section steel.

Priority is claimed on Japanese Patent Application No. 2017-028465, filed on
February 17, 2017, the content of which is incorporated herein by reference.

[Related Art]

[0002]

Patent Document 1 discloses a steel framed beam for the purpose of providing
an economical and reliable structural system for deformably resisting temporary loads
caused by earthquakes, impacts, and other severe temporary causes.

[0003]

In the steel framed beam disclosed in Patent Document 1, deformability is
enhanced by the use of multiple distributed regions determined by one or more voids
provided in a web of a support member which is to be the steel framed beam. The
voids have sizes, shapes, and configurations that guarantee that the distributed regions
will deform inelastically when critical stress is reached, allowing mechanical
equipment, electric wires, and the like to pass through the voids.

[Prior Art Document]
[Patent Document]

[0004]



[Patent Document 1] Japanese Unexamined Patent Application, First
Publication No. 2008-175056
[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0005]

Here, in the steel framed beam disclosed in Patent Document 1, since the
voids are formed in the web of the support member which is to be the steel framed
beam, for example, in a case where the outer circumferential surface of the web is
coated or painted, the paint amount of the web, the refractory coating amount of the
web, the plating amount of the web, and the like can be reduced by the voids formed in
the web.

[0006]

However, in the steel framed beam disclosed in Patent Document 1, since the
voids are formed in the web of the support member which is to be the steel framed
beam and the loss of cross section occurs in the void parts in the web, the strength and
rigidity of the web decrease. Therefore, in the steel framed beam disclosed in Patent
Document 1, there is a problem that in the web of the support member which is to be
the steel framed beam, local fracture phenomena are likely to occur due to local
buckling, shear buckling, crippling buckling, or the like.

[0007]

The present invention has been made in view of the above circumstances, and
an object thereof is to provide a method of designing a rolled H-section steel, a rolled
H-section steel, and a method of manufacturing a rolled H-section steel with reduced
costs for surface treatments, such as coating or painting while suppressing local

fracture phenomena caused by local buckling or the like.
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[Means for Solving the Problem]

[0008]

The present invention adopts the following in order to solve the above
problems.

(1) A first aspect of the present invention is a method of designing a rolled H-
section steel, the rolled H-section steel including an upper flange, a lower flange, and a
web connecting the upper flange to the lower flange, an outer circumferential surface
of each of the upper flange, the lower flange, and the web being subjected to a surface
treatment, the method including: setting a height dimension H from the upper flange to
the lower flange, a width dimension Wof each of the upper flange and the lower flang,
a plate thickness tw of the web, and a plate thickness tf of each of the upper flange and
the lower flange so that, when it is assumed that a value obtained by dividing a second
moment of area Ix about a strong axis by an outer circumferential length Lp in a cross-
sectional shape when viewed in a cross section perpendicular to a member axis
direction is a surface treatment economy Ix/Lp and an area of the cross-sectional shape
is S, Formulas (35) to (38) are satisfied, the height dimension H is 700 mm or more,
the width dimension W e is 1/5 or more and 12 or less of the height dimension H, the
plate thickness tw is 9 mm or more and 32 mm or less, and the plate thickness tf is 12
mm or more and 40 mm or less.

(2) In the aspect according to (1), the following configuration may be
adopted: under a condition that the rolled H-section steel is used as a beam extending
in the member axis direction and both end portions of the rolled H-section steel in the
member axis direction are fixed, a condition that lateral movement of the rolled H-
section steel in a width direction in a middle portion in the member axis direction is

restricted, and a condition in which an intermediate load acts on the upper flange from
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above and end loads act on both end portions in the member axis direction, using an
elastic lateral buckling moment M. of the beam calculated from Formulas (12) to (16),
the height dimension H, the width dimension W, the plate thickness tw, and the plate
thickness tf are set so that lateral buckling does not occur in the beam,

in which, V¢ a shear force acting on the end portions of the beam in the
member axis direction, W, the intermediate load acting on the middle portion of the
beam in the member axis direction, 3 and y: coefficients determined from Formulas (1)
and (2) depending on loads V¢ and Wy, 1: a length of the beam in the member axis
direction, E: a Young’s modulus, I: a second moment of area about a weak axis of the
lower flange, G: a shear elastic modulus, J: a Saint-Venant’s torsion constant, dp: a
plate thickness center-to-center distance between the upper flange and the lower flange,
y: a length from one end portion of the beam in the member axis direction as a
reference to any point of the beam in the member axis direction, Oy: a torsion angle
generated in the beam due to lateral buckling, 8°y: a first order derivative of 6y, 8”°y: a
second order derivative of 0y, and a: a parameter for integration.

(3) In the aspect according to (2), the height dimension H, the width
dimension W, the plate thickness tw, and the plate thickness tf may be set so that a
square root of a value obtained by dividing a full plastic moment Mp of the rolled H-
section steel by the elastic lateral buckling moment Mc: becomes 0.6 or less.

[0009]

[Math 1]



I/Lp=C, -exp(C.,-H/S) = - + (35
C,=120+100-k - - - (36)
C.,=-106+10-k + + + (37)

6.1<k<8 + » - (38

[0010]
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[0011]

[Math 3]
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[0012]

(4) A rolled H-section steel according to a second aspect of the present
invention is a rolled H-section steel including: an upper flange; a lower flange; and a
web which connects the upper flange to the lower flange, in which an outer
circumferential surface of each of the upper flange, the lower flange, and the web is
subjected to a surface treatment, a height dimension H from the upper flange to the
lower flange is 700 mm or more, a width dimension W of each of the upper flange and
the lower flange is 1/5 or more and 12 or less of the height dimension H, a plate
thickness tw of the web is 9 mm or more and 32 mm or less, a plate thickness tf of
each of the upper flange and the lower flange is 12 mm or more and 40 mm or less, and
when it is assumed that a value obtained by dividing a second moment of area Ix about
a strong axis by an outer circumferential length Lp in a cross-sectional shape when
viewed in a cross section perpendicular to a member axis direction is a surface
treatment economy Ix/Lp and an area of the cross-sectional shape is S, the height
dimension H, the width dimension W, the plate thickness tw, and the plate thickness tf
satisfy Formulas (35) to (38).

[0013]

(5) A method of manufacturing a rolled H-section steel according to a third

aspect of the present invention includes: manufacturing the rolled H-section steel
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having the height dimension H, the width dimension W, the plate thickness tw, and the
plate thickness tf set according to the method of designing a rolled H-section steel
according to any one of (1) to (3).

[Effects of the Invention]

[0014]

According to the aspects of the present invention, it is possible to reduce the
costs for the surface treatments such as coating or painting while suppressing local
fracture phenomena caused by local buckling and the like.

[Brief Description of the Drawings]

[0015]

FIG. 1 is a perspective view showing a rolled H-section steel according to an
embodiment of the present invention.

FIG. 2A is a front view showing the rolled H-section steel.

FIG. 2B is a side view showing the rolled H-section steel.

FIG. 3 is an enlarged front view showing a surface treatment economy of the
rolled H-section steel.

FIG. 4 is a graph showing a relationship between a surface treatment economy
Ix/Lp and H/S in an H-section steel in the related art.

FIG. 5 is a graph showing that the relationship between the surface treatment
economy Ix/Lp and H/S in the H-section steel in the related art becomes “Ix/Lp < 730 -
exp(-45-H/S)”.

FIG. 6 is a graph showing that a relationship between a surface treatment
economy Ix/Lp and H/S in the rolled H-section steel according to the embodiment of
the present invention becomes “Ix/Lp > 730 - exp(-45-H/S)”.

FIG. 7 1s a graph showing that a relationship between a cross-sectional area S
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and a height dimension H in the rolled H-section steel becomes “0.015 < H/S < 0.065”.

FIG. 8A is a front view of a beam using the rolled H-section steel, and shows a
state in which both end portions are fixed and lateral movement is restricted.

FIG. 8B is a side view of the state shown in FIG. 8A.

FIG. 9A is a side view showing an example of virtual displacement of the
beam using the rolled H-section steel.

FIG. 9B is a bottom view showing the virtual displacement of the beam shown
in FIG. 9A.

FIG. 9C is a cross-sectional view taken along line A-A’ in FIG. 9A.

FIG. 10 is a graph for comparison in transition of shapes of beams, steel
weights, and capacities between a designing method of the related art and a designing
method of the present invention.

FIG. 11A is a schematic side view showing a uniform bending moment in a
beam using the rolled H-section steel according to the embodiment of the present
invention in a case where an intermediate load is uniform bending.

FIG. 11B is a schematic side view showing an example of an antisymmetric
moment and the like in the beam using the rolled H-section steel in a case where an
intermediate load is not uniform bending.

FIG. 11C 1s a schematic side view showing another example of the
antisymmetric moment and the like in the beam using the rolled H-section steel in a
case where an intermediate load is not uniform bending.

FIG. 11D is a schematic side view showing another example of the
antisymmetric moment and the like in the beam using the rolled H-section steel in a
case where an intermediate load is not uniform bending.

FIG. 12A is a graph showing a calculation result using 0, approximated by a
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predetermined series in the beam using the rolled H-section steel.

FIG. 12B is a graph showing a calculation result using 0y approximated by a
Fourier series in the beam using the rolled H-section steel.

FIG. 13 is a schematic side view showing a moment gradient used in
evaluation of examples of the rolled H-section steel.

FIG. 14 is a graph showing various rolled H-section steels (present invention
examples) satisfying Formulas (35) to (38) and rolled H-section steels in the related art
not satisfying the formulas.

[Embodiments of the Invention]

[0016]

Hereinafter, a rolled H-section steel 1 (hereinafter, simply referred to as “H-
section steel 1) according to an embodiment of the present invention will be described
with reference to the drawings. In the present specification and the drawings, like
elements having substantially the same functional configurations are denoted by like
reference numerals, and overlapping descriptions thereof will be omitted.

[0017]

As shown in FIG. 1, the H-section steel 1 mainly becomes a structural
material such as a floor structure, an earthen floor structure, or a frame structure in
buildings houses, schools, offices, hospital facilities, low-rise buildings, high-rise
buildings, and skyscrapers.

The H-section steel 1 is a rolled H-section steel (rolled H-section steel)
formed from a single steel plate by hot rolling or the like. That is, in the H-section
steel 1, an upper flange 21, a lower flange 22, and a web 23 are integrally formed.

In addition, in a built-up H-section steel (the upper flange 21, the lower flange

22, and the web 23 are produced as separate steel plates and are welded together into a
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built-up H-section steel) produced by welding a plurality of steel plates, in a case
where fatigue cracking occurs due to a force repeatedly acting on the welds, or in a
case where the welding assembly accuracy of the H-section steel is poor, there is
concern that the application accuracy of a designing method may be reduced. On the
other hand, in the case of the rolled H-section steel, since the flanges and the web are
integrated (since there is no joint portion), the occurrence of fatigue cracking is not
postulated, and the dimensional accuracy is high, so that the application accuracy of a
designing method is maintained at a high level. From these viewpoints, the present
invention is targeted at a rolled H-section steel.

[0018]

The H-section steel 1 is used as a beam 2 extending in a member axis
direction Y (the longitudinal direction of the H-section steel 1), for example, like a
steel framed beam in a building. As shown in FIGS. 2A and 2B, the H-section steel 1
has a substantially H-shaped cross-sectional shape (a cross-sectional shape orthogonal
to the member axis direction Y) when viewed in a cross section perpendicular to the
member axis direction Y, and includes the upper flange 21 and the lower flange 22
extending in a width direction X, and the web 23 extending in a height direction Z.

[0019]

As shown in FIG. 2A, the H-section steel 1 is provided with the upper flange
21 and the lower flange 22 forming a pair in an up-down direction, and the web 23
connects the upper flange 21 to the lower flange 22. That 1s, in the H-section steel 1,
the upper and lower end portions of the web 23 are connected to substantially the
center in the width direction X of the upper flange 21 and the lower flange 22 facing
each other.

[0020]

- 10 -



As shown in FIG. 2B, the entire H-section steel 1 extends in the member axis
direction Y and has a predetermined length 1.  In the H-section steel 1, the distance in
the height direction Z from the plate thickness center of the upper flange 21 to the plate
thickness center of the lower flange 22 becomes a plate thickness center-to-center
distance d» between the upper flange 21 and the lower flange 22.

[0021]

The plate thickness center-to-center distance dy, can be treated as being
substantially the same as the distance in the height direction Z from the upper surface
of the upper flange 21 to the upper surface of the lower flange 22, or the distance in the
height direction Z from the lower surface of the upper flange 21 to the lower surface of
the lower flange 22. In addition, the plate thickness center-to-center distance dp can
be treated as being substantially the same as the distance in the height direction Z from
the lower surface of the upper flange 21 to the upper surface of the lower flange 22 or
an overall height dimension H of the H-section steel 1.

[0022]

As shown in FIG. 3, the H-section steel 1 is formed so that the upper flange 21
and the lower flange 22 extend in the width direction X, and the web 23 extends in the
height direction Z. The H-section steel 1 has two main axes including a strong axis
that passes through the center of the figure (the point (centroid) at which the first
moment of area about any axis passing through the point is zero) and extends in the
width direction X, and a weak axis that passes through the center of the figure and
extends in the height direction Z. The second moment of area about the strong axis is
defined as Ix, and the second moment of area about the weak axis is defined as ly.

[0023]

In the H-section steel 1, for example, an outer circumferential surface 20 (the
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surface of the H-section steel 1) of the upper flange 21, the lower flange 22, and the
web 23 are subjected to a surface treatment such as pasting, winding, or spraying of a
refractory coating material, applying of a refractory painting or corrosion resistant
painting, or plating. That is, in the H-section steel 1, a surface treatment material
such as a coating material, painting, or plating is provided on the outer circumferential
surface 20. In addition, in the H-section steel 1, the entire outer circumferential
surface 20 of the upper flange 21, the lower flange 22, and the web 23 may be
subjected to the surface treatment, or a part of the outer circumferential surface 20 may
be subjected to the surface treatment.

[0024]

In the H-section steel 1, the total extension length in the cross-sectional shape,
which is the sum of both upper and lower surfaces 21a and both left and right end
surfaces 21b of the upper flange 21, both upper and lower surfaces 22a and both left
and right end surfaces 22b of the lower flange 22, and both left and right side surfaces
23a of the web 23 is referred to as an outer circumferential length Lp in the cross-
sectional shape of the upper flange 21, the lower flange 22, and the web 23. In
addition, in the H-section steel 1, as the outer circumferential length Lp increases, the
use amount of the refractory coating material, painting, plating, and the like (use
amount of surface treatment materials) increases.

In the H-section steel 1 in which the web and the flanges are integrally formed,
curved connection portions 23b called fillets are present at the joint points (four points)
between the web 23, the upper flange 21, and the lower flange 22. In calculation of
the outer circumferential length Lp, the fillets 23b (curved connection portions) may be
taken into consideration. For example, in the H-section steel 1 represented by H1000

x W350 x tw12 x tf19, the outer circumferential length Lp in a case of being
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calculated on the assumption that one fillet is a quarter circle with a radius of curvature
of 18 mm, 1s 3345 mm. On the other hand, in the same H-section steel, the outer
circumferential length Lp in a case where there is no fillet, that is, in a case assuming
that there is no curved connection portion and the web and the flanges are connected at
right angles is calculated to be 3376 mm. As described above, it can be seen that the
difference between the two kinds of outer circumferential lengths Lp calculated by the
presence or absence of the fillet is about 1%, and the influence of the presence or
absence of the fillet on the calculation result is sufficiently small. The radius of
curvature of the fillet is generally in a range of about 12 mm to 20 mm in the targeted
rolled H-section steel, but in the following description, the radius of curvature of the
fillet is calculated to be 18 mm.

Here, the “H-section steel 1 represented by H1000 x W350 x tw12 x tf19”
means an H-section steel 1 in which the height dimension H, a width dimension W, a
web plate thickness tw, and a flange plate thickness tf, which will be described later,
are respectively 1000 mm, 350 mm, 12 mm, and 19 mm. The same applies to the
following description.

[0025]

In the H-section steel 1, the height dimension H from the upper flange 21 to
the lower flange 22 (the distance in the height direction Z from the upper surface of the
upper flange 21 to the lower surface of the lower flange 22) is 700 mm or more.

[0026]

In the H-section steel 1, the distance in the width direction X between both the
left and right end surfaces 21b of the upper flange 21 and the distance in the width
direction X between both the left and right end surfaces 22b of the lower flange 22 are

respectively referred to as a width dimension W of the upper flange 21 and a width
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dimension W of the lower flange 22, and the width dimensions W are 1/5 or more and
172 or less of the height dimension H.

[0027]

In the H-section steel 1, each of the upper flange 21 and the lower flange 22
has a predetermined plate thickness tf (the distance between both the upper and lower
surfaces 21a in the height direction Z, or the distance between both the upper and
lower surfaces 22a), and the web 23 has a predetermined plate thickness tw (the
distance between both the left and right side surfaces 23a in the width direction X).
The ratio of the plate thickness tf to the plate thickness tw is defined as a plate
thickness ratio tw/tf.

In the H-section steel 1, the plate thickness tw of the web 23 is 9 mm or more
and 32 mm or less, and the plate thickness tf of the upper flange 21 and the lower
flange 22 is 12 mm or more and 40 mm or less.

[0028]

Here, in a case where the H-section steel 1 is used as, for example, the beam 2
shown in FIG. 1, in order to suppress deflection in the height direction Z, an
improvement in bending rigidity in the height direction Z is required. By increasing
the height dimension H of the H-section steel 1 (by extending the H-section steel in the
height direction), the second moment of area Ix about the strong axis is increased.
Therefore, by improving bending rigidity per unit weight, the bending rigidity of the
H-section steel 1 in the height direction Z can be improved.

[0029]

In the H-section steel 1, when the outer circumferential length Lp in the cross-
sectional shape of the upper flange 21, the lower flange 22, and the web 23 is increased,

the surface area of the outer circumferential surface 20 subjected to the surface
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treatment such as coating is also increased. In this case, the use amount of the surface
treatment material such as a refractory coating material, painting, or plating is also
increased, and the amount of work such as coating is increased, resulting in an increase
in the cost for the surface treatment.

Therefore, it is required to reduce the cost for the surface treatment by
reducing the outer circumferential length Lp and reducing the surface area of the outer
circumferential surface 20.

[0030]

In general, for example, a fixed outer dimension H-section steel defined in JIS
G 3192 (H-section steel represented by H900 x W400 x tw19 x tf28) has a steel weight
of about 304 kg/m per meter and a surface area of about 3.36m? per meter. In
addition, for example, in a case where the outer circumferential surface of the fixed
outer dimension H-section steel is coated with an expensive refractory coating or cold-
resistant coating, the unit cost of the material is, for example, 10,000 yen/m?.

Assuming that the unit cost of the fixed outer dimension H-section steel is
120,000 yen/ton, in the beam 2 having a length of 10 m in the member axis direction Y,
the cost for the steel is about 365,000 yen (120,000 yen/ton x 0.304 ton/m x 10 m),
whereas the cost for the coating material is about 336,000 yen (10,000 yen/m? x 3.36
m?m x 10 m). That is, by comparing the cost for the steel and the cost for the
coating material, it can be seen that it is necessary to reduce not only the steel weight
of the H-section steel 1 but also the surface area of the outer circumferential surface 20
thereof in balance in order to reduce the total cost of the building or the like.

[0031]

Therefore, in the H-section steel 1, a surface treatment economy Ix/Lp, which

is a value obtained by dividing the second moment of area Ix about the strong axis by

- 15 -



the outer circumferential length Lp in a shape of a cross section perpendicular to the
member axis direction Y, is used as an index. When the surface treatment economy
Ix/Lp is increased, the second moment of area Ix about the strong axis becomes
relatively large with respect to the outer circumferential length Lp, so that the bending
rigidity per unit weight can be improved while reducing the cost for the surface
treatment.

[0032]

In addition, in the H-section steel 1, the height dimension H, the width
dimension W, the web plate thickness tw, and the flange plate thickness tf mentioned
above are determined based on the surface treatment economy Ix/Lp.

[0033]

By causing the H-section steel 1 to have the height dimension H, the width
dimension W, the web plate thickness tw, and the flange plate thickness tf determined
based on the surface treatment economy Ix/Lp as described above, the cost for the
surface treatment can be reduced while increasing the second moment of area Ix about
the strong axis.

[0034]

Specifically, as described above, in the H-section steel 1, the height dimension
H is 700 mm or more, the width dimension W is 1/5 or more and 12 or less of the
height dimension H, the plate thickness tw of the web 23 is 9 mm or more and 32 mm
or less, and the plate thickness tf of the flange is 12 mm or more and 40 mm or less.

Furthermore, assuming that the cross-sectional area in the cross-sectional
shape of the H-section steel 1 is S (the sum of the cross-sectional areas of the upper
flange 21, the lower flange 22, and the web 23 when the H-section steel 1 is viewed in

a cross section perpendicular to the member axis direction Y), in the H-section steel 1,
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the surface treatment economy Ix/Lp described above satisfies the relationships
defined by Formulas (35) to (38) in terms of the relationship between the cross-
sectional area S and the height dimension H. In other words, in the H-section steel 1,
the height dimension H, the width dimension W, the plate thickness tw, and the plate
thickness tf satisfy Formulas (35) to (38). Accordingly, the cost for the surface
treatment can be reduced, and at the same time, the bending rigidity per unit weight
can be improved, so that it is possible to suppress excessive deflection of the H-section
steel 1 in the height direction Z.

[0035]

[Math 4]

I/Ip=C, -exp(C,-H/S) + « + (35)
C,=120+100-k + + - (36)
C.,=-106+10-k - + + (37)

61<k<8 - + + (38)

[0036]

There are four important performance indexes of the H-section steel 1
including the second moment of area Ix about the strong axis as a structural index
dominating bending rigidity, the section modulus Zx about the strong axis as a
structural index dominating bending strength, the steel weight (oc the cross-sectional
area S) as an economic index, and the outer circumferential length Lp also as an

economic index. At this time, if a large second moment of area Ix can be exhibited
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about the strong axis with the least possible outer circumferential length Lp, it can be
said that the economy is high. Therefore, in FIGS. 4 to 7, the vertical axis represents
the surface treatment economy Ix/Lp. In addition, since the section modulus Zx is
expressed as a function of the second moment of area Ix about the strong axis and the
height dimension H of the H-section steel 1, that is, Zx = Ix/(H/2), using the height
dimension H as a structural index, the horizontal axis in FIGS. 4 to 7 represents H/S
obtained by dividing the dimension H by the cross-sectional area S as an economic
index.

[0037]

Here, in an H-section steel in the related art, all existing standards are shown
as marks A, ¢, 0, and o in FIGS. 4 to 7.

The marks A represent H-section steels in the related art described in “ASTM
A6/A6M-10a Annex A2 lists the dimensions of some shape profiles, ASTM
International”.

The marks ¢ represent H-section steels in the related art described in “BS 4-1
Structural steel sections, Part1, British Standard, (2005)”.

The marks o represent H-section steels in the related art described in “fixed
inner dimension H-shapes, JIS handbook, Ferrous materials & metallurgy 2, Japanese
Standards Association (2015)”.

The marks o represent H-section steels in the related art described in “fixed
outer dimension H-shapes, JIS handbook, Ferrous materials & metallurgy 2, Japanese
Standards Association (2015)”.

[0038]

These H-section steels in the related art are comprehensively identified in a

range of k < 6.1 in Formulas (35) to (37) as shown in FIG. 5. That is, it was found
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that these H-section steels in the related art did not satisfy k > 6.1 in Formulas (35) to
(37) based on the surface treatment economy Ix/Lp. Contrary to this, the H-section
steel 1 according to this embodiment can simultaneously take the structural indexes
and the economic indexes into consideration by considering Formulas (35) to (37)
based on the surface treatment economy Ix/Lp.

[0039]

Specifically, the bending rigidity is required to be increased while suppressing
the cost for the surface treatment even in the related art. However, in a designing
method in the related art (a designing method in which Formula (12) is not used), as
shown in FIG. 4, k cannot exceed 6.0. The reason is that in a case where the above
requirements are satisfied, the design value of lateral buckling strength (earthquake
resistance) is calculated to be lower than an actual value, and lateral buckling stiffeners
for preventing the reduction in lateral buckling strength are necessary, resulting in a
reduction in economy. For example, a buckling reinforcement length Lb in a case of
being calculated for an H-section steel (H1100 x W300 x tw32 x tf40) satisfying k =
6(k < 6) using the designing method in the related art is smaller than 4.6 times H (1100
x 4.6 =5060). That is, in the category of the designing method in the related art,
lateral buckling stiffeners had to be installed every 5 m. In addition, in a range of k >
6.1, Lb further tends to relatively decrease, and the number of buckling stiffeners also
tends to increase. For this reason, in the related art, k <6.1.

[0040]

On the other hand, in the H-section steel 1 according to this embodiment,
since k > 6.1 is satisfied in Formulas (35) to (37), the structural indexes and the
economic indexes can be simultaneously considered, whereby it is possible to reduce

the cost for the surface treatment and simultaneously improve the bending rigidity per
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unit weight. In addition, from the viewpoint of reliably reducing the cost for the
surface treatment and simultaneously reliably improving the bending rigidity, as shown
in FIG. 6, the H-section steel 1 satisfies preferably k > 6.2 or k > 6.25, and more
preferably k > 6.3 or k > 6.4 in Formulas (35) to (37).

[0041]

In addition, in the H-section steel 1, from the viewpoint of avoiding a
reduction in strength due to the occurrence of lateral buckling and avoiding a reduction
in energy absorption performance during an earthquake, and from the viewpoint of
preventing the web from being undulated or twisted during rolling, the width
dimension W of the H-section steel 1 is set to 1/5 or more of the height dimension H,
and k < 8 is satisfied in Formulas (35) to (37). For example, the surface treatment
economy Ix/Lp of the H-section steel 1 represented by H1200 x W160 x tw7 x tf16 is
relatively high, that is, the value of k in FIG. 5 is relatively high, and k > 8 is satisfied.
However, in the H-section steel 1, there is concern that even if calculation is performed
based on a designing method of the present invention, which will be described later,
sufficiently high bending strength cannot be obtained (in a case where calculation is
performed under the same conditions as those of examples described later, lateral
buckling occurs in a range in which the buckling reinforcement interval Lb is shorter
than about 15 times H, and the ratio of a design strength to a full plastic moment Mp
obtained by the product of a full plastic section modulus Zxp about the strong axis and
a steel F value decreases to about 75%), and sufficient earthquake resistance cannot be
secured. Based on these examinations, the upper limit of k < 8 is provided.

For example, in the case of H-section steels of H1500 x W350 x tw19 x tf40,
H1500 x W400 x tw22 x tf40, and H1500 x W500 x tw16 x tf36, when calculation is

performed using k = 8 (and k < 8) and F = 345 in the same method as in the examples
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described later, it can be confirmed that lateral buckling does not occur until the
buckling reinforcement interval Lb exceeds 15 times H (= 1500 mm).

[0042]

In addition, in FIG. 6, the examples of the H-section steel 1 are shown by
marks e.

Here, Example 1 has a height dimension H = 1150 mm, a width dimension W
=300 mm, a web plate thickness tw = 32 mm, and a flange plate thickness tf = 40 mm,
and satisfies Formulas (35) to (38) (H1150 x W300 x tw32 x tf40).

Example 2 has a height dimension H = 1100 mm, a width dimension W = 280
mm, a web plate thickness tw = 16 mm, and a flange plate thickness tf = 30 mm, and
satisfies Formulas (35) to (38) (H1100 x W280 x tw16 x tf30).

Example 3 has a height dimension H = 1000 mm, a width dimension W = 250
mm, a web plate thickness tw = 12 mm, and a flange plate thickness tf = 16 mm, and
satisfies Formulas (35) to (38) (H1000 x W250 x tw12 x tf16).

Example 4 has a height dimension H = 950 mm, a width dimension W = 250
mm, a web plate thickness tw = 11 mm, and a flange plate thickness tf = 25 mm, and
satisfies Formulas (35) to (38) (H950 x W250 x tw1l x tf25).

Example 5 has a height dimension H = 850 mm, a width dimension W =200
mm, a web plate thickness tw = 10 mm, and a flange plate thickness tf = 16 mm, and
satisfies Formulas (35) to (37) (H850 x W200 x tw10 x tf16).

[0043]

Furthermore, in the H-section steel 1, as shown in FIG. 7, in Formula (35),
H/S > 0.015 and Ix/Lp > 50 are satisfied. In a case where the value of H/S is less than
0.015, for example, a special ultra thick H-section steel having a flange plate thickness

of more than 60 mm is used, so that use in a floor structure of a building, which is an
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application object of the present invention, is difficult. In such a case, H decrease to
500 mm or less, and is applied to a column of the building, which is not the object of
the present invention.

The lower limit of Ix/Lp may be, for example, 35. However, when Ix/Lp is
less than 50, the surface treatment economy Ix/Lp becomes too small. Therefore,
from the viewpoint of reducing the cost for the surface treatment and simultaneously
improving the bending rigidity, the lower limit of Ix/Lp is preferably 50.

The upper limit of H/S is preferably 0.065 (H/S < 0.065), and more preferably
0.060 (H/S < 0.060).

[0044]

Here, from the viewpoint of reducing the cost for the surface treatment and
simultaneously improving the bending rigidity, as described above, the height
dimension H may be increased (the H-section steel may be extended in the height
direction). However, in the beam 2, as shown in FIGS. 8A, 8B, and 9A to 9C, as the
web 23 undergoes out-of-plane deformation with respect to a structural plane in the
member axis direction Y and the height direction Z, lateral buckling occurs. In
addition, under the designing method (the designing method in the related art) of the
beam 2 according to the architectural standards laws in the relate dart, there is a need
to sufficiently consider lateral buckling occurring in the beam 2 at both end portions 2a
and 2a of the beam 2 on which a horizontal load acts during an earthquake, or at a part
in a middle portion 2b of the beam 2 where a negative bending moment occurs.
Therefore, the height dimension H cannot be easily increased.

[0045]

FIG. 10 is a graph of the calculation results shown in Table 1. A to I columns

in Table 1 show the cross-sectional specifications of each H-section steel. A column
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shows the cross-sectional area S, and B column shows the ratio of the cross-sectional
area of the other H-section steels to the cross-sectional area of H900 x W400 x tw22 x
tf40, which is a basic H-section steel for performance comparison. C column shows
the outer circumferential length Lp, and D column shows the ratio of the outer
circumferential length of the other H-section steels to the outer circumferential length
Lp of the above-mentioned basic H-section steel (H900 x W400 x tw22 x tf40). E
column shows the second moment of area Ix about the strong axis, and F column
shows the ratio of the second moment of area of the other H-section steels to the
second moment of area Ix of the basic H-section steel. G column shows the full
plastic section modulus Zxp about the strong axis, H column shows the steel F value,
and I column shows the full plastic moment Mp obtained by the product of Zxp and F.

Here, since the cross-sectional dimensions are set so that the values of the full
plastic moments Mp are substantially the same, the values of the G column and the 1
column are substantially the same. In addition, J column shows the design strength
(calculation results based on the present invention) calculated based on the designing
method of the present invention, which will be described later, K column shows the
ratio of the design strength Mcn of each H-section steel to the full plastic moment Mp
(in Table 1, the value is defined as Mpo) of H900 x W400 x tw22 x tf40, L column
shows the design strength Mcc (calculation results based on the related art) calculated
based on the designing method in the related art, and column M shows the ratio of the
design strength Mcc of each H-section steel to the full plastic moment Mpo.

[0046]

In the designing method in the related art, calculation is performed using a
strength factor of 1.0 based on the calculation of an H-shaped cross section shown in

Recommendation for limit state design of steel structures by Architectural Institute of
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Japan.

On the other hand, in the designing method of the related art, the derivation
formula of the elastic lateral buckling moment shown in the same document is
substituted with Formula (12), and calculation is performed using a strength factor of
1.0 as in the designing method in the related art.  In addition, when Formula (12) is
used in the designing method of the present invention, calculation is performed for a
case where, on a beam (solid line) that receives antisymmetric bending due to a
horizontal load shown in FIG. 13, a vertical load (broken line) also acts.

The buckling reinforcement length Lb is set to 20 m in any case, and the steel
F value is set to 325 N/mm? in any case.

[0047]

Here, the designing method in the related art described above is described in
detail. In the designing method in the related art described above, first, using the
bending rigidity about the weak axis, the bending torsional rigidity, the Saint-Venant’s
torsional rigidity, the lateral buckling length, and the like of an H-section steel
calculated based on conditions such as the cross-sectional shape, the material length,
and both end support conditions of the H-section steel which is targeted, and the
presence or absence of lateral reinforcement, the elastic lateral buckling moment of
Formula (1.a) is calculated. Next, a lateral buckling slenderness ratio is calculated
from the full plastic moment of the H-section steel which is targeted, and the elastic
lateral buckling moment. There are three cases classified according to the magnitude
relationship between the value of the lateral buckling slenderness ratio and the elastic
limit slenderness ratio and plastic limit slenderness ratio described in the same
guideline, and in each case, the calculation formula of a lateral buckling limit strength

of the H-section steel is determined. The lateral buckling limit strength is calculated
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by the nominal value of each of elements constituting the calculation formula.
However, in a case where the ultimate limit state is postulated, it is necessary to
consider variations in the strength of a member which is targeted. Therefore, by
introducing the strength factor which is a reliability index based on engineering
judgment and multiplying this by the lateral buckling limit strength, the lateral
buckling limit strength in the ultimate limit state is determined. According to the
above guideline, the strength factor is 1.0.

[0048]

[Math 5]

‘§E4EIY . EIW .TIQEIY -GJ

\ 72
.k'!'; ' lb

Me=C, | s (1. a)

[0049]

In Formula (1.a), Ely: bending rigidity about the weak axis, Elw: bending
torsional rigidity, GJ: Saint-Venant’s torsional rigidity, klv: lateral buckling length, lv:
material length or lateral buckling reinforcement-to-reinforcement length, Cp: moment
coefficient.

[0050]

Cases of the lateral buckling length «ly are classified as follows.

(a) Beam in which both material ends are joined to a column in a rigid manner
and the middle is not subjected to lateral reinforcement: kI = 0.75 X Iy

(b) Bending material such as a section of a beam in which one end is joined to
a column in a rigid manner and the other end is subjected to lateral reinforcement by a
lateral buckling stiffener, a section of a beam in which both ends are subjected to

lateral reinforcement by lateral buckling stiffeners, purlins, and furring strips: lp =
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0.75 x Ip

(c) Simple beam: klp = Ip

[0051]

Cases of the moment coefficient Cy are classified as follows.

(a) Case in which the bending moment changes linearly in a lateral buckling
reinforcing section: Formula (1.b)

(b) Case in which the intermediate bending moment is maximized in a lateral
buckling reinforcing section: Cp = 1.0

(c) Simple beam without lateral buckling reinforcement support:

(i) Case in which a uniform distributed load acts: C,=1.3
(i1) Case in which a center concentrated load acts: C, = 1.36

[0052]

[Math 6]

M; .
Ch—175+105(M )+ﬂan( ) <23 +++ (1. b)

[0053]

M32/M: in Formula (1.b) represents the bending moment ratio between both
material ends or the lateral buckling reinforcement ends.

Classification of cases of the magnitude relationship between the value of the
lateral buckling slenderness ratio A, and the elastic limit slenderness ratio eA» and the
plastic limit slenderness ratio pAb, and the lateral buckling limit strength M. (nominal
strength) in each case are as follows.

(@) A < pho: Mc =M,

(b) pAb < A < hv: Formula (1.c)

(¢) Ap > w: Formula (1.d)
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[0054]
[Math 7]

M, =l1.0-04——1}M, +++ (1. ¢
¢ ( Ap— ghp/F

Mg=%Mp »ee (104D
B

[0055]

Here, the lateral buckling slenderness ratio A is calculated by Formula (1.e).
In Formula (1.e), Mp: full plastic moment = Fy x Z,,, Fy: yield strength, Z,: plastic
section modulus.

[0056]

[Math 8]

[0057]

In addition, the elastic limit slenderness ratio <Ay is 1/¥0.6. Cases of the
plastic limit slenderness ratio pAs are classified as follows.

(a) Case in which the bending moment changes linearly in a lateral buckling
reinforcing section: Formula (1.f)

(b) Case in which the intermediate bending moment is maximized in a lateral
buckling reinforcing section: pip = 0.3

[0058]

In addition, the lateral buckling limit strength Mc; in the ultimate limit state is
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obtained by Formula (1.g).
[0059]
[Math 9]

pib=ﬂ,ﬁ+ﬂ,3(M+1) e (1. £)

[0060]

Contrary to the designing method in the related art described above, in the
designing method of the present invention, the calculation formula of the elastic lateral
buckling moment (Formula (1.a)) shown in the same document is substituted with
Formula (12) to calculate the lateral buckling slenderness ratio and the lateral buckling
limit strength. The strength factor for considering the ultimate limit state is set to 1.0
as in the designing method in the related art.

[0061]

The horizontal axis of the graph shown in FIG. 10 shows four kinds of H-
section steels, and by the vertical axis, the ratio of the cross-sectional area S (values
shown in B column of Table 1), the ratio of the outer circumferential length (values
shown in column D of Table 1), the ratio of the second moment of area about the
strong axis (values shown in column F of Table 1), the ratio of the design strength
based on the designing method of the present invention (values shown in column K of
Table 1), and the ratio of the design strength based on the designing method in the
related art (values shown in column M of Table 1) can be compared.

As shown in FIG. 10, under the designing method in the related art, by

increasing the height dimension H relatively to the width dimension W, the bending
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rigidity (oc second moment of area Ix about the strong axis) can be increased and the
steel weight (cc cross-sectional area S) can be reduced, while the bending strength (oc
“allowable bending strength” given by the product of “section modulus Zxp about the
strong axis” and “allowable bending stress fc”) tends to decrease. This is because the
section modulus Zx about the strong axis is expressed as Zx = Ix/(H/2) and thus Zx
tends to decrease as H increases if Ix is the same (reason 1), and the allowable bending
stress fc needs to be reduced in consideration of lateral buckling occurring in the beam
2 and lateral buckling tends to occur as the height dimension H becomes relatively

large (reason 2).
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[0063]

Regarding the reason 1 described above, there may be cases where
performance degradation can be alleviated when the height dimension H and the width
dimension W of the beam 2 are set appropriately to each other. Contrary to this,
regarding the reason 2, the problem cannot be solved only by appropriately setting the
height dimension H and the width dimension W of the beam 2, so that a main technical
object is to prevent a reduction in the allowable bending stress fc due to lateral
buckling of the beam 2. As a method of preventing the reduction in the allowable
bending stress fc, a method of providing a reinforcing member for lateral buckling in
the beam 2 and reducing the buckling reinforcement interval may be considered.
However, when the beam 2 is provided with the reinforcing member, the effect of
reducing cost by reducing the cost for the surface treatment and the like becomes
meaningless.

[0064]

The H-section steel 1 is used as the beam 2 extending in the member axis
direction Y, and as shown in FIGS. 8A and 8B, both end portions 2a and 2a of the
beam 2 in the member axis direction Y are joined and fixed to the column 3 or the like
in arigid manner. At this time, for example, in a case where a square steel pipe or the
like is used as the column 3, both end portions 2a and 2a of the beam 2 are welded to
diaphragms 30 provided on the side surfaces of the square steel pipe and are thus fixed
and joined to the column 3 in a rigid manner so as to be supported.

[0065]

In a case where a reinforced concrete column or a plain concrete column is
used as the column 3, both end portions 2a and 2a of the beam 2 may be welded and

joined to steel framed beams which are substantially orthogonal to each other inside
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the column 3. Furthermore, in a case where a steel reinforced concrete column is
used as the column 3, both end portions 2a and 2a of the beam 2 may be welded and
joined to a steel column extending in the height direction Z inside the column 3.

[0066]

In the H-section steel 1, both end portions 2a and 2a of the beam 2 in the
member axis direction Y may be fixed to the column 3 or the like by a semi-rigid joint
or a pin joint. The semi-rigid joint refers to a joint type in which the rotational
movement of the beam 2 with respect to the column 3 is restricted to some extent, and
the bending stress transmitted between the column 3 and the beam 2 is smaller than
that in a completely rigid joint. In addition, the pin joint refers to a joint type in
which the rotational movement of the beam 2 with respect to the column 3 is not
restricted and there is no or minimal bending stress transmitted between the column 3
and the beam 2. The definition of the semi-rigid joint, pin joint, and rigid joint is
based on European Design Standards (Eurocode 3 Part 1-8).

[0067]

In the H-section steel 1, a floor slab 4 such as concrete is provided on the
upper flange 21 in the middle portion 2b of the beam 2 in the member axis direction Y.
As the floor slab 4, for example, a concrete slab having concrete as the main structure,
or a deck composite slab having concrete and a deck plate made of steel or the like as
the main structure is used.

[0068]

Furthermore, in the H-section steel 1, in the middle portion 2b of the beam 2
in the member axis direction Y, one or a plurality of shear connectors 25 such as
headed studs are provided on the upper surface of the upper flange 21 at predetermined

intervals. The shear connectors 25 are provided to protrude upward from the upper
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surface of the upper flange 21 of the beam 2, and are embedded in concrete of the floor
slab 4 or the like above the upper flange 21 of the beam 2. At this time, in the H-
section steel 1, since one or the plurality of shear connectors 25 are embedded in the
floor slab 4 or the like, as shown in FIG. 8A, lateral movement of the beam 2 in the
width direction X in the middle portion 2b of the beam 2 in the member axis direction
Y is restricted.

[0069]

Further, as shown in FIG. 8B, the H-section steel 1 to which the present
invention is applied is subjected to an intermediate load due to the self-weight of the
floor slab 4, a live load, and the like. At this time, in the H-section steel 1, in a case
where an intermediate load such as a uniform distributed load acts from above on the
upper flange 21 in the middle portion 2b of the beam 2 in the member axis direction Y,
or each column 3 is inclined due to an earthquake or the like, end loads act on both end
portions 2a and 2a of the beam 2 in the member axis direction from the column 3.
Furthermore, in the H-section steel 1, a bending moment and a shear force act on each
of both end portions 2a and 2a of the beam 2 in the member axis direction Y.

[0070]

Under the designing method of the present invention, as shown in FIGS. 9A to
9C, using the beam 2 extending in the member axis direction Y as a target, under the
condition that both end portions 2a and 2a of the beam 2 in the member axis direction
Y are fixed, lateral movement of the beam 2 in the width direction X in the middle
portion 2b of the beam 2 in the member axis direction Y is restricted, an intermediate
load acts on the upper flange 21 from above, and end loads act on both end portions 2a
and 2a of the beam 2 in the member axis direction, the elastic lateral buckling moment

M. of the beam 2 can be calculated with high accuracy.
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[0071]

In FIGS. 9A to 9C, using the local coordinate system X-Y-Z fixed at the left
end portion 2a of the beam 2, the rotation of the beam 2 is positive in a direction in
which a left-handed thread advances. In FIGS. 9A to 9C, the solid line represents the
free body of the beam 2, and the broken line represents an example of virtual
displacement that occurs in the free body of the beam 2 due to lateral buckling.

[0072]

<Geometric Boundary Condition>

It is assumed that the displacement (lateral movement) of the upper flange 21
of the beam 2 in the X direction is restrained on the center line 0-0’. The geometric
boundary condition of the end portion 2a of the beam 2 is defined by the terminal
condition of a series approximating the lateral buckling deformation. In the beam 2,
bending torsion about 0-0’ as a predetermined rotation axis occurs due to lateral
buckling, and deflection occurs as secondary small deformation. In this analysis, it is
assumed that the upper flange 21, the lower flange 22, and the web 23 are treated as
flat plates, and the strength of the beam 2 against lateral buckling is dominated by the
in-plane bending rigidity of the upper flange 21 and the lower flange 22, and the
torsional rigidity of the upper flange 21, the lower flange 22, and the web 23.

[0073]

<Dynamic Boundary Condition>

It is assumed that a vertical uniform distributed load W, acts as the
intermediate load on 0-0’ on the middle portion 2b of the beam 2. In addition, it is
assumed that bending moment M, and the shear force V., act on the right end portion
2a of the beam 2, and a bending moment M and a shear force V that balance those act

on the left end portion 2a of the beam 2. At this time, the relationship between M,
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Ve, and Wer can be expressed by Formulas (1) and (2), according to the force balance
condition.
[0074]

[Math 10]

M.
[

V. ==B+% - - = (D

] _
[Woydv=yM, -+ @
0<f<3 » =+ (3a)

0<y<6-28 + + + (3b)

[0075]

Here, 1 is the length of the beam 2 in the member axis direction Y, and y is the
length from one end portion of the beam 2 in the member axis direction as a reference
(in the case shown in FIG. 5, the left end portion 2a) to any point of the beam 2 in the
member axis direction. 3 and vy are coefficients determined by the load condition of
the intermediate load to be expressed as the elastic lateral buckling moment Me: by
eliminating Ver, Wer, M, and V from the analytical solution.

[0076]

The relationship between the bending moment distribution of the beam 2 and
B and v is shown in FIGS. 11A to 11D. In a case where the intermediate load is
uniform bending in the member axis direction Y of the beam 2 (symmetric buckling),

is set to zero as shown in FIG. 11A. In a case where the intermediate load does not

- 35 -



become uniform bending in the member axis direction Y of the beam 2 (asymmetric
buckling), as shown in FIGS. 11B to 11D, B is a real number greater than O and not

more than 3 (FIGS 11 B to 11D show cases of B =1, f =2, and 3 = 3, respectively).
B and y are determined by Formula (3a) and (3b).

[0077]

<Generalized Displacement>

In order to treat lateral buckling as a linear buckling problem, deformation of
each portion of the beam 2 due to the lateral buckling is expressed as a continuous
function of the coordinate value y in the member axis direction (that is, the length from
the left end portion 2a of the beam 2 to any point of the beam 2 in the member axis
direction). At this time, the torsion angle 0y of the cross section generated in the
beam 2 due to the lateral buckling may gently continuous in the member axis direction
Y as shown in FIGS. 9A to 9C.

[0078]

In the present invention, an analytical solution of the elastic lateral buckling
moment is derived by series approximation of the deformation of each portion of the
beam 2 due to the lateral buckling. Since the lateral buckling is not accompanied by
strain of the cross section of the beam 2, other deformations necessary for deriving the
analytical solution, that is, the deflection . of the beam 2 shown in FIG. 9C, the
rotation angle 0« of the beam 2 shown in FIG. 9A, and the rotation angle 6, of the lower
flange 22 shown in 9B can be respectively expressed by Formulas (3) to (5). As
described above, the deformation (0,, 0, 6,) of each portion of the beam 2 due to the
lateral buckling can be uniquely represented by 0y.

[0079]

[Math 11]
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[0080]

Here, dy is the plate thickness center-to-center distance between the upper
flange 21 and the lower flange 22, and y is the length from one end portion of the beam
in the member axis direction as a reference to any point of the beam in the member
axis direction. 0’y represents the first order derivative of 6y. a is a parameter for
integration.

[0081]

<Potential Energy>

When lateral buckling occurs in the beam 2, the total potential energy I1 of
this system is given by Formula (6).

[0082]

[Math 12]
IT=AU-AT =+ - « (6)

[0083]
Here, AU is the strain energy of the beam 2, and AT is the potential energy of
an external force.

[0084]
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Next, AU is given by Formula (7) as the sum of strain energy due to bending
and strain energy due to pure torsion.

[0085]

[Math 13]

1 . ¢7.,5 1 I s
AU =—EI| 6 dy+=GJ| Py - + - ()
2 70 2 °o -

[0086]

Here, E is the Young’s modulus, 1 is the second moment of area about the
weak axis (Z-axis) of the lower flange 22, G is the shear elastic modulus, and J is the
Saint-Venant’s torsion constant. 0’ represents the first order derivative of ..

[0087]

Next, AT is given by Formula (8) as the sum of potential energies of Mcr, Ver,
and Wer.

[0088]

[Math 14]
{
AT =M 0,5, +V, 8.+ | W, 8,dy = =+ ()

[0089]

Here, 0xq) and d,q) respectively represent 0x and J, of the right end portion 2a
of the beam 2.

[0090]

<Approximation of Lateral Buckling Deformation>

Arbitrary 0y allowed for the beam 2 in which both end portions 2a and 2a in

the member axis direction Y are fixed and supported can be approximated by a finite
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series with any accuracy.

[0091]

That is, since a Fourier series expansion given by Formula (9) can be applied
to most continuous functions and the series calculation is simple, in any existing
buckling studies according to the energy method, buckling deformation is
approximated by a Fourier series.

[0092]

[Math 15]

N
Ql,=%+2ancosn7[zy s 9)
' n=l

[0093]

On the other hand, in the present invention, in a case where both end portions
2a and 2a of the beam 2 are fixed by a rigid joint, as the lateral buckling deformation
of the beam 2 in which both end portions 2a and 2a in the member axis direction Y are
fixed and supported, in particular, Oy can be approximated by a series given by Formula
(10).

[0094]

[Math 16]

- - (10)

[0095]
Here, a, is an undetermined coefficient of the n-th term. In a case of solving

asymmetric buckling, k is set to 2.
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In a case of solving symmetric buckling, k is set to 1, and Formula (10) is
applied to 1/2 of the length 1 of the beam 2.

[0096]

<Derivation of Elastic Lateral Buckling Moment>

By substituting Formulas (7) and (8) into Formula (11) according to the
minimum total potential energy principle, and further substituting Formulas (1) to (5),
Formula (12) can be obtained as a basic formula of the elastic lateral buckling moment.

[0097]

[Math 17]

IT=AU-AT=0 + « « (11

[0098]
[Math 18]
1 2m°Eld GJ
M, = . . B- b+ 4 - - (12)
i (1—,6—;/)A+(,B+7)C+;/D( I? dbj

[0099]

Here, A, B, C, and D are functionals of 8y shown in Formulas (13) to (16), and
since | in each formula disappears by integration, these become coefficients determined
by only 0y.

[0100]

[Math 19]
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B=—
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6 dy - - - (14)

C=[yordy + - - (15

— 2 / yl ’2 e e« @
D -—]—IOIO (y—a)8 dady (16)

[0101]

Here,  and y are coefficients determined from Formula (1) and (2) depending
on the load conditions V¢r and Wer as the premise.  In addition, 1 is the length of the
beam 2 in the member axis direction Y, E is the Young’s modulus, I is the second
moment of area about the weak axis of the lower flange 22, G is the shear elastic
modulus, J is the Saint-Venant’s torsion constant, dy is the plate thickness center-to-
center distance between the upper flange 21 and the lower flange 22, and y is the
length from one end portion of the beam in the member axis direction as a reference to
any point of the beam in the member axis direction. 0y is the torsion angle generated
in the beam 2 due to lateral buckling. 0’y represents the first order derivative of Oy,
and 0’y represents the second order derivative of 0y. a is a parameter for integration.

[0102]

However, Formula (12) is a linear sum of the strength against bending torsion
and the strength against pure torsion, and generally B #A. In a designing method

disclosed in Japanese Unexamined Patent Application, First Publication No. 2016-
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23446, in a case where an antisymmetric bending moment acts on the beam 2 in which
lateral movement of the upper flange 21 is restricted, different correction factors are
given to two strengths, so that a highly accurate approximate solution of an elastic
lateral buckling moment is proposed.

[0103]

<Minimum Condition>

In a case where 0y is approximated by the series of Formula (9) or (10), an
analytical solution of the elastic lateral buckling moment is obtained. The necessary
condition for minimizing Formula (12) with respect to an undetermined coefficient
sequence (ay) is obtained from Formula (17), and Formula (18) can be obtained by

differentiation thereof. Here, fum in Formula (18) is expressed by Formula (19).

[0104]

[Math 20]
d

M_=0 n=12,N +++ (7
da

n

Lf,,la)=0 n=1,2,,-,N m=1,2,-,N =« * (18)

[0105]

[Math 21]

f;1m = {(1 _ﬂ)an + ﬂNnm + yonm}Mcr - Manb - anMz.‘ vt (19>
[0106]
Here, Lam, Muom, Nam, and Oun in Formula (19) are expressed by Formulas (20)

to (23).

[0107]
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[Math 22]

L,=1]66d - (0

13 [
Mnm - 271_2 IO 9”0"707)/ (2 1)

N, =[ye8dy -+ 22

I ey
0 = %jo [ (v-aggdady - - (23

[0108]

Here, 0. represents the n-th basis function of a series approximating 6y. For
example, Formula (24) is obtained for Formula (10). Here, 6°, and 67’ respectively
represent the first and second order derivatives of 0,.

[0109]

[Math 23]

n

6, = cos- 22 ... (24)
ln.

[0110]

<Analytical solution>

When Formula (17) gives a non-zero value to at least one of the undetermined
coefficients ai, as, ..., an, a possibility of buckling occurs. Therefore, the determinant
of the coefficient matrix of Formula (17) has to be zero. That is, an analytical
solution of the elastic lateral buckling moment can be obtained by solving the Nth-

order equation of Formula (25).
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[0111]

[Math 24]
‘f;rm| =0 - o (25)

[0112]

Furthermore, analytical solutions of the elastic lateral buckling moment in a
case where 0y is approximated by the third term partial sum of the series of Formula
(9) or (10) are given by Formulas (26) to (33).

[0113]

[Math 25]
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0,=\82 En &n| Go=|hny hyp hy -+ (29)
831 85 8xn by by by

by hy hsl |80 8
=12, &n &u|t|hn M
8y 8n &kl |8 E=n
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a =\hy Ry hylt|g 8

by by k| By kg

gnm = (l - ﬂ)an + ﬂNnm + 7()nm

homy ZEEL, G

—
nm nm L2

[0114]

‘nm
db

(31

(26)

At this time, the smallest positive value in the actual solution of Formula (26)

is the first order elastic lateral buckling moment of the beam 2. Under the condition

that the H-section steel 1 is used as the beam 2 extending in the member axis direction

Y, both end portions 2a and 2a of in the member axis direction Y are fixed, lateral

movement of the beam 2 in the width direction X in the middle portion 2b in the

member axis direction Y is restricted, an intermediate load acts on the upper flange 21

from above, and end loads act on both end portions 2a and 2a of the beam 2 in the
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member axis direction, based on the elastic lateral buckling moment Mc; of the beam 2
calculated from Formulas (12) to (16), the upper limit of the surface treatment
economy Ix/Lp is preferably determined that lateral buckling does not occur in the
beam 2.

In other words, it is preferable that the upper limit of the surface treatment
economy Ix/Lp is determined so that the design strength Mcn calculated by the
designing method of the present invention using a strength factor of 1.0 as in the
designing method in the related art described above is in a range not significantly
smaller than the full plastic moment Mp, and more specifically, the square root of a
value obtained by dividing the full plastic moment Mp by the elastic lateral buckling
moment M calculated from Formulas (12) to (16) becomes 0.6 or less (\/(Mp/Mcr) <
0.6), and each of the dimensions of the H-section steel 1 (height dimension H, width
dimension W, web plate thickness tw, and flange plate thickness tf) is set so that the
surface treatment economy becomes equal to or less than the upper limit. As an
example of this case, regarding Mcn in a case where the buckling reinforcement
interval Lb is about 15 times H, the upper limit of the surface treatment economy Ix/Lp
is determined so that Mcn/Mp > 0.95 s satisfied.

[0115]

[Math 26]
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1 27 Eld GJ
M = B b+ 4 - -« (12)
“ (1—,5-—7’)A+(ﬂ+7/)€+7D( I? d,,J

A=1[§%dy + =+ (13)

13
27’

B=——(6rdy -+ - (14)

C=[yordy - - - (5

2¢lpry 2 .
D=-I-J'0_[0 (y — )6 dady (16)

[0116]

Here, B and v are coefficients determined from Formulas (1) and (2)
depending on the load conditions V¢ and W as the premise. Ve is the shear force
acting on the end portion 2a of the beam 2 in the member axis direction Y, and W, is
the intermediate load acting on the middle portion 2b of the beam 2 in the member axis
direction Y.

In addition, 1 is the length of the beam 2 in the member axis direction Y, E is
the Young’s modulus, 1 is the second moment of area about the weak axis of the lower
flange 22, G is the shear elastic modulus, J is the Saint-Venant’s torsion constant, dp is
the plate thickness center-to-center distance between the upper flange 21 and the lower
flange 22, and y is the length from one end portion of the beam in the member axis
direction as a reference to any point of the beam in the member axis direction. 0Oy is
the torsion angle generated in the beam 2 due to lateral buckling. 0’y represents the
first order derivative of Oy, and 0’y represents the second order derivative of 6y. aisa

parameter for integration.
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[0117]

[Math 27]

V=BT e ()

JWoydy=yM, -+ @)

[0118]

The designing method described above is preferably realized by a computer
device (not shown) that executes a program recorded on a non-temporary, tangible
recording medium (not shown) by a CPU (not shown). In this case, it is preferable
that the computer device executes the above-described designing method in response
to a command from an input device operated by an operator, and outputs each of the
dimensions of the H-section steel 1 (height dimension H, width dimension W, web
plate thickness tw, and flange plate thickness tf) as the design result. In addition, it is
preferable that the output design result is output in a visible manner via an output
device (not shown).

[0119]

It is preferable that the H-section steel 1 is manufactured by an existing
rolling technique according to the design result (each of the dimensions: height
dimension H, width dimension W, web plate thickness tw, and flange plate thickness tf)
set by executing the above-described designing method. Accordingly, the H-section
steel 1 of each of the dimensions (height dimension H, width dimension W, web plate
thickness tw, and flange plate thickness tf) specified by the designing method

described above can be obtained.
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[0120]

As shown in FIG. 10, under the designing method in the related art, if the
height dimension H of the beam 2 is simply increased, the bending rigidity can be
improved, but the bending strength of the beam 2 is reduced and the lateral buckling
strength is reduced. Therefore, it was not possible to improve both the bending
rigidity and the lateral buckling strength of the beam 2.

[0121]

Contrary to this, in the H-section steel 1 according to this embodiment, under
the designing method of the present invention, the upper limit of the surface treatment
economy Ix/Lp is determined based on the elastic lateral buckling moment M, of the
beam 2 calculated from Formulas (12) to (16). Therefore, in the H-section steel 1, the
cross-sectional area S of the beam 2 is reduced, the surface treatment economy Ix/Lp is
improved, and at the same time, not only the bending rigidity of the beam 2 but also
the bending strength can be maintained at a high level. Therefore, it becomes
possible to improve both the bending rigidity and the lateral buckling strength of the
beam 2.

[0122]

Table 2 shows Examples 1 to 5 and shows a comparison to the designing
method in the related art in the design strength of a bending material which is to be the
beam 2. In the designing method in the related art, the calculation of the design
strength of the bending material performed here is performed using a strength factor of
1.0 based on the calculation of an H-shaped cross section shown in Recommendation
for limit state design of steel structures by Architectural Institute of Japan mentioned
above. In addition, calculation of examples based on the designing method of the

present invention was performed by substituting the derivation formula of the elastic
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lateral buckling moment shown in the same document with Formula (12) using a
strength factor of 1.0 as in the designing method in the related art.

In the example shown here, although the strength factor is set to 1.0 for
comparison between the designing method in the related art and the designing method
of the present invention, the strength factor can be appropriately set according to the
actual situation. In the designing method of the present invention, the derivation
formula of the elastic lateral buckling moment is given by Formula (12). However, in
an actual member design, there is a need to consider influences of the yield and initial
imperfections of steel and convert the elastic lateral buckling moment into the design
strength. Here, as described above, an example based on Recommendation for limit
state design of steel structures by Architectural Institute of Japan is described.
However, the calculation for conversion from the elastic lateral buckling moment to
the design strength shown in this document may be based on other design guidelines or
design standards. In addition, the bending moment acting on the H-section steel
beam is calculated for a case where a vertical load (broken line) is applied to a beam
subjected to antisymmetric bending (solid line) due to a horizontal load shown in FIG.
13. However, the same effect can be obtained in other load cases shown in FIGS.
11A to 11D.

[0123]

The effects of the present invention will be described with reference to Table
2 for each of Example 1 (H1150 x W300 x tw32 x tf40), Example 2 (H1100 x W280 x
tw16 x tf30), Example 3 (H1000 x W250 x tw12 x tf16), Example 4 (H950 x W250 x
twll x tf25), and Example 5 (H850 x W200 x tw10 x tf16) to which the present
invention is applied.

[0124]
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Table 2 shows the second moment of area (Ix) about the strong axis, the
plastic section modulus (Zxp) about the strong axis, the design reference strength (F)
of steel, the full plastic moment (Mp) represented by the product of Zxp and F in A to
D columns, respectively. Here, F in Table 2 is a design reference strength (value
called steel F value) determined based on the yield point of the steel.  Alternatively,
the yield strength of the steel may also be used as F.  In the examples, F is set to 325
N/mm? to 385 N/mm?, but in the present invention, an elastic buckling moment is
provided, and the value of the F value can be widely utilized.

E to G columns in Table 2 show the results calculated based on the designing
method of the present invention (calculation results based on the present invention), H
to J columns show the results calculated based on the designing method in the related
art (calculation results based on the related art), and K and L columns show the
comparison between the designing method of the present invention and the designing
method in the related art.  E column shows the buckling length (Lon) that enables no
lateral buckling reinforcement calculated based on the designing method of the present
invention, H column shows the buckling length (Loc) that enables no lateral buckling
reinforcement calculated based on the designing method in the related art, and K
column shows the comparison therebetween.

From the numerical values shown in K column, it can be seen that the length
that enables no buckling reinforcement can be quadrupled or more based on the
designing method of the present invention. In addition, from the numerical values
shown in K column, it is shown that in a case where a rolled H-section steel having a
surface treatment economy as high as in the examples is manufactured using the
designing method in the related art, the structural economy cannot be maintained, that

is, many lateral buckling stiffeners need to be installed, and thus the rolled H-section
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steel having such a surface treatment economy has not been used in the related art.

The value (L.on) shown in E column is the limit buckling length (Lon) that can
exhibit the full plastic moment (Mp) without installing lateral buckling reinforcement
in the designing method of the present invention. Therefore, the ratio of Mcn to the
full plastic moment Mp is all 1.0 as shown in G column. In a case where the same
value is 1.0, the steel F value is not reduced, and the steel F value can be used as it is as
a short-term allowable stress for lateral buckling. On the other hand, regarding the
design strength Mcc shown in I column, the design strength in a case where no lateral
stiffener is provided is calculated based on the designing method in the related art by
setting the same limit buckling length (Lon) as in the designing method of the present
invention. The ratio of the design strength Mcc to the full plastic moment Mp is as
shown in J column, 0.52 at the maximum and decreases to 0.28 at the minimum. It
can also be understood from the low numerical values that in the designing method in
the related art, a rolled H-section steel having a high surface treatment economy as
shown in the examples is not manufactured.

The values shown in L column show the comparison of design strength in Lon,
and it can be seen that the design strength based on the designing method of the present
invention is 1.9 to 3.8 times that in the designing method in the related art.

[0125]

Here, the buckling length Lon is a buckling length calculated so that the
design strength Mcn based on the present invention has the same value as the full
plastic moment Mp. In addition, the buckling length Loc is a buckling length
calculated so that the design strength Mcc based on the designing method in the related

art has the same value as the full plastic moment Mp.
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[0128]

In Table 2, the designing methods of the present invention and the related art
were compared to each other by setting the examples to be constant. In Table 3,
rolled H-section steels in the ranges determined as the related art in FIG. 6 were
determined for the corresponding examples, and through specific comparison
therebetween, the significance of the present invention is described.

For each of the examples described above, the height dimension H and the
width dimension W of the H-section steels were set while setting the web plate
thickness tw and the flange plate thickness tf to be constant so that the setting
conforms to the related art, that is, k becomes less than 6.1. That is, H1050 x W404 x
tw32 x tf40 was set as Comparative Example 1 for Example 1, H1000 x W369 x tw16
x tf30 was set as Comparative Example 2 for Example 2, H900 x W352 x tw12 x tf16
was set as Comparative Example 3 for Example 3, H900 x W291 x twl1 x tf25 was
set as Comparative Example 4 for Example 4, and H800 x W243 x tw10 x tf16 was set
as Comparative Example 5 for Example 5.

A to C columns of Table 3 sequentially show the second moment of area (Ix)
about the strong axis, the plastic section modulus (Zxp), and the steel F value (F).

The full plastic moment (Mp) calculated as the product of Zxp and F is shown in D
column, the cross-sectional area (S) is shown in E column, and the outer
circumferential length (Lp) is shown in F column.

For comparison between the examples and the comparative examples, the
design strength for lateral buckling is necessary. Here, the comparison is based the
design strength (M15) at which the buckling length Lb becomes 15 times the height
dimension H. The design strengthes (M15) of the rolled H-section steels are the same

as the conditions shown in Table 2, and the calculation results are as shown in H
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column. G column shows the ratio of the design strength (M15) to the full plastic
strength (Mp). As shown in G column, it can be seen that while there is no reduction
in F in the examples, F is reduced at a ratio of 0.45 to 0.76 in the comparative
examples.

[0129]

The superiority of the examples to the comparative examples can be
confirmed by the values of  to N columns. In each column, the relative value of each
value of the examples in a case of setting each value of the comparative examples to 1
is shown. Ix in all the examples is 1.00 because the dimensions are determined such
that Ix in the comparative examples matches the examples. From the values in J
column, it can be seen that the relative value of the examples regarding Zxp in the
examples decreases in a range of 0.93 to 0.96. This is because the height dimensions
(H) of the examples are larger than those of the comparative examples.

From the values of K and L columns, it can be seen that the cross-sectional
area (S) decreases in a range of 0.90 to 0.94, and the outer circumferential length (Lp)
decreases in a range of 0.93 to 0.98.

In addition, it can be seen from the values of M column that the design
strength (M15) increases in a range of 1.05 to 2.29. Performance needs to be
comprehensively evaluated. For example, among the values shown in I to M columns,
a reference value derived by using Ix and Zxp, which are desirably large values, as the
numerator, and S and Lp, which are desirably small values, as the denominator is
shown in N column.

Based on this index, it can be said that the performance is improved in a range
of 1.21 to 2.50 times that of the related art.

[0130]
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As described above, in the H-section steel 1 according to this embodiment, the
cross-sectional area S of the beam 2 is reduced, the surface treatment economy Ix/Lp s
improved, and at the same time, not only the bending rigidity but also the bending
strength of the beam 2 can be maintained at high levels. That is, in the H-section
steel 1 according to this embodiment, it is possible to improve both the bending
rigidity and the lateral buckling strength of the beam 2, and reduce the cost for the
surface treatment such as coating or painting while suppressing local fracture
phenomena and the like due to local buckling of the beam 2.

[0131]

In the H-section steel 1 according to this embodiment, even though the lateral
buckling deformation of the beam 2 of which lateral movement is restricted is complex,
it is possible to evaluate the elastic lateral buckling moment of such a steel framed
beam with high accuracy by calculating the elastic lateral buckling moment Mc: of the
beam 2 from Formulas (12) to (16) under the condition that the lateral movement of
the beam 2 is restricted and an intermediate load acts on the upper flange 21 from
above.

[0132]

In the H-section steel 1 according to this embodiment, by setting 3 to zero in a
case where the intermediate load is uniform bending in the member axis direction Y of
the beam 2 (symmetric buckling), and setting 3 to a real number in a range of greater
than 0 and not more than 3 in a case where the intermediate load does not become
uniform bending in the member axis direction Y of the beam 2 (asymmetric buckling),
any of a case of a uniform bending moment at which the intermediate load becomes
uniform bending and a case of an antisymmetric moment at which the intermediate

load does not become uniform bending can be coped with using Formulas (12) to (16),
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so that it is possible to evaluate of the elastic lateral buckling moment of the steel
framed beam while considering various load conditions postulated for real steel framed
beams.

[0133]

In the H-section steel 1 according to this embodiment, in particular, in a case
where 0y 1s approximated, it is preferable that 0y is approximated by the series of
Formula (10). In the H-section steel 1 according to this embodiment, in a case where
Oy is approximated by the third term partial sum, by plotting a non-dimensionalized
lateral buckling strength (=M</Mp) obtained by dividing the elastic lateral buckling
moment by the full plastic bending moment as the vertical axis and the slenderness
ratio Ab obtained by dividing the length 1 of the beam 2 by the beam depth as the
horizontal axis, an example of an analytical solution of the elastic lateral buckling
moment is as shown in FIGS. 12A and 12B.

[0134]

At this time, in the H-section steel 1 according to this embodiment, as shown
in FIG. 12A, when the series of Formula (10) is used, the analytical solutions of the
elastic lateral buckling moment are substantially coincident and the elastic lateral
buckling moment of the steel framed beam can be evaluated with high accuracy.
Contrary to this, as shown in FIG. 12B, when the Fourier series of Formula (9) is used,
the analytical solutions of the elastic lateral buckling moment greatly vary. At this
time, in order to evaluate the elastic lateral buckling moment with high accuracy using
the Fourier series of Formula (9), for example, it is necessary to approximate 0y by the
tenth term partial sum, resulting in complex elastic lateral buckling moment analysis
calculation.

[0135]

- 58 -



As described above, in the H-section steel 1 to which the present invention is
applied, by approximating 0y by the series of Formula (10), it is possible to evaluate
the elastic lateral buckling moment of the steel framed beam with high accuracy while
avoiding more complexity of the elastic lateral buckling moment analysis calculation
than necessary.

[0136]

Tables 4 to 16 show various rolled H-section steels. In Tables 4 to 16,
“Example” refers to a rolled H-section steel (present invention example) satisfying
Formulas (35) to (38), and “related art” refers to a rolled H-section steel in the relate
dart not satisfying the formulas. Then, a graph in which the horizontal axis is plotted
as H/S and the vertical axis is plotted as Ix/Lp regarding each of the examples and the
related art in Tables 4 to 16 is shown in FIG. 14. In FIG. 14, “0” represents the plot of

[I3Vad

the example, and “x” represents the plot of the related art.
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[0137]

[Table 4]
Acolumn | B column | C column | D column | E column
H w tw tf
mm | (mm) | mm) | (mm)
Example 1500 300 32 40
Example 1500 300 32 36
Example 1500 300 28 40
Example 1500 300 28 36
Example 1500 300 28 32
Example 1500 300 25 40
Example 1500 300 25 36
Example 1500 300 25 32
Example 1500 300 25 28
Example 1500 300 22 40
| Example 500 300 22 3
| Example 500 300 22 32
| Example 500 300 22 2
| Example 500 300 22 25
| Example 500 300 22 22
| Example 500 300 9 40
| Example 500 300 9
| Example 500 300 9 32
| Example 500 300 9 2
| Example 500 300 9 25
| Example 500 300 9 22
| Example 500 300 6 6
Example 500 300 6 32
Example 1500 300 16 28
Example 1500 300 16 25
Example 1500 300 16 22
Example 1500 300 16 19
Example 1500 350 32 40
e 500 350 3 36
e 500 350 2 40
e 500 350 2 36
e 500 350 2 32
e 500 350 2 40
e 500 350 25 36
e 500 350 25 32
Example 1500 350 25 28
Example 1500 350 22 40
Example 1500 350 22 36
Example 1500 350 22 32
Example 1500 350 22 28
Example 1500 350 22 25
Example 1500 350 22 22
Example 1500 350 19 40
Example 1500 350 19 36
Example 1500 350 19 32
Example 1500 350 19 28
| Example 500 350 9 25
| Example 500 350 9 22
| Example 500 350 [ 3
| Example 500 350 [ 32
| Example 500 350 [ 2
| Example 500 350 [ 25
| Example 500 350 6 22
| Example 500 350 19
| Example 500 400 2 40
| Example 500 400 3 36
| Example 500 400 2 40
| Example 500 400 2 36
Example 500 400 2 32
Example 1500 400 25 40
Example 1500 400 25 36
e 1500 400 25 32
e 1500 400 25 28
e 1500 400 22 40
e 500 400 22 36
e 500 400 22 32
e 500 400 22 28
e 500 400 22 25
e 500 400 22 22
e 500 400 6
e 500 400 9 32
1500 400 19 28
Example 1500 400 19 25
Example 1500 400 19 22
Example 1500 400 16 36
Example 1500 400 16 32
Example 1500 400 16 28
Example 1500 400 16 25
Example 1500 400 16 22
Example 1500 400 16 19
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[0138]

[Table 5]

A column B column C column D column E column
tw tf
(mm) (mm) (mm) (mm)
Example 1500 450 32 40
Example 1500 450 32 36
Example 1500 450 28 36
Example 1500 450 28 32
Example 1500 450 25 36
Example 1500 450 25 32
Example 1500 450 25 28
Example 1500 450 22 36
Example 1500 450 22 32
Example 1500 450 22 28
Example 500 450 22 25
Example 600 450 2 22
Example 500 450 9 3
Example 500 450 9 32
Example 500 450 9 2
Example 500 450 9 25
Example 500 450 9 22
Example 500 450 6 6
Example 500 450 6 32
Example 500 450 6 28
Example 500 450 6 25
Example 500 450 6 22
Example 500 450 6 9
Example 1500 500 32 36
Example 1500 500 28 36
Example 1500 500 28 32
Example 1500 500 25 36
Example 1500 500 25 32
Example 500 500 25 28
Example 500 500 22 36
Example 500 500 22 32
Example 500 500 22 28
Example 500 500 22 25
Example 500 500 22 22
Example 500 500 19 36
Example 1500 500 19 32
Example 1500 500 19 28
Example 1500 500 19 25
Example 1500 500 19 22
Example 1500 500 16 36
Example 1500 500 16 32
Example 1500 500 16 28
Example 1500 500 16 25
Example 1500 500 16 22
Example 1500 500 16 19
Example 1400 300 32 40
Example 400 300 3 36
Example 400 300 2 40
Example 400 300 2 36
Example 400 300 2 32
Example 400 300 2 40
Example 400 300 25 36
Example 400 300 25 32
Example 400 300 25 28
Example 400 300 22 40
Example 400 300 22 6
Example 400 300 22 32
Example 400 300 22 28
Example 400 300 22 25
Example 1400 300 22 22
Example 1400 300 19 40
Example 1400 300 19 36
Example 1400 300 19 32
Example 1400 300 19 28
Example 400 300 9 25
Example 400 300 9 22
Example 400 300 6 36
Example 400 300 6 32
Example 400 300 6 28
Example 400 300 6 25
Example 400 300 [ 22
Example 1400 300 16 19
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[0139]

[Table 6]

A column B column C column D column E column
H w tw tf
(mm) (mm) (mm) (mm)
Example 1400 350 32 40
Example 1400 350 32 36
Example 1400 350 28 40
Example 1400 350 28 36
Example 1400 350 28 32
Example 1400 350 25 40
Example 1400 350 25 36
Example 1400 350 25 32
Example 1400 350 25 28
Example 1400 350 22 40
Example 400 350 22 3
Example 400 350 22 32
Example 400 350 22 2
Example 400 350 22 25
Example 400 350 2 22
Example 400 350 40
Example 400 350 9 6
Example 400 350 9 32
Example 400 350 9 28
Example 400 350 9 25
Example 400 350 9 22
Example 400 350 6 6
Example 400 350 6 32
Example 1400 350 16 28
Example 1400 350 16 25
Example 1400 350 16 22
Example 1400 350 16 19
Example 1400 400 32 40
Example 400 400 32 36
Example 400 400 2 40
Example 400 400 2 36
Example 400 400 2 32
Example 400 400 2 40
Example 400 400 25 36
Example 400 400 25 32
Example 1400 400 25 28
Example 1400 400 22 25
Example 1400 400 22 36
Example 1400 400 22 32
Example 1400 400 22 28
Example 1400 400 22 25
Example 1400 400 22 22
Example 1400 400 19 40
Example 1400 400 19 36
Example 1400 400 19 32
Example 1400 400 19 28
Example 400 400 9 25
Example 400 400 9 22
Example 400 400 6 3
Example 400 400 6 2
Example 400 400 6 2
Example 400 400 6 25
Example 400 400 6 22
Example 400 400 9
Example 400 450 2 40
Example 400 450 3 6
Example 400 450 2 40
Example 400 450 2 36
Example 400 450 2 32
Example 1400 450 25 40
Example 1400 450 25 36
Example 1400 450 25 32
Example 1400 450 25 28
Example 1400 450 22 40
Example 400 450 22 36
Example 400 450 22 32
Example 400 450 22 28
Example 400 450 22 25
Example 400 450 22 22
Example 400 450 1 40
Example 400 450 19 36
Example 1400 450 19 32
Example 1400 450 19 28
Example 1400 450 19 25
Example 1400 450 19 22
Example 1400 450 16 36
Example 1400 450 16 32
Example 1400 450 16 28
Example 1400 450 16 25
Example 1400 450 16 22
Example 1400 450 16 19
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[0140]

[Table 7]

A column B column C column D column E column

H w tw tf

(mm) (mm) (mm) (mm)

Example 1400 500 32 40
Example 1400 500 32 36
Example 1400 500 28 40
Example 1400 500 28 36
Example 1400 500 28 32
Example 1400 500 25 40
Example 1400 500 25 36
Example 1400 500 25 32
Example 1400 500 25 28
Example 1400 500 22 40
Example 400 500 22 3
Example 400 500 22 32
Example 400 500 22 2
Example 400 500 22 25
Example 400 500 2 22
Example 400 500 40
Example 400 500 9 6
Example 400 500 9 32
Example 400 500 9 28
Example 400 500 9 25
Example 400 500 9 22
Example 400 500 6 6
Example 400 500 6 32
Example 1400 500 16 28
Example 1400 500 16 25
Example 1400 500 16 22
Example 1400 500 16 19
Example 1300 300 32 40
Example 300 300 32 36
Example 300 300 2 40
Example 300 300 2 36
Example 300 300 2 32
Example 300 300 2 40
Example 300 300 25 36
Example 300 300 25 32
Example 1300 300 25 28
Example 1300 300 22 40
Example 1300 300 22 36
Example 1300 300 22 32
Example 1300 300 22 28
Example 1300 300 22 25
Example 1300 300 22 22
Example 1300 300 19 40
Example 1300 300 19 36
Example 1300 300 19 32
Example 1300 300 19 28
Example 300 300 9 25
Example 300 300 9 22
Example 300 300 6 3
Example 300 300 6 2
Example 300 300 6 2
Example 300 300 6 25
Example 300 300 6 22
Example 300 300 9
Example 300 350 2 40
Example 300 350 3 6
Example 300 350 2 40
Example 300 350 2 36
Example 300 350 2 32
Example 1300 350 25 40
Example 1300 350 25 36
Example 1300 350 25 32
Example 1300 350 25 28
Example 1300 350 22 40
Example 300 350 22 36
Example 300 350 22 32
Example 300 350 22 28
Example 300 350 22 25
Example 300 350 22 22
Example 300 350 1 40
Example 300 350 19 36
Example 1300 350 19 32
Example 1300 350 19 28
Example 1300 350 19 25
Example 1300 350 19 22
Example 1300 350 16 36
Example 1300 350 16 32
Example 1300 350 16 28
Example 1300 350 16 25
Example 1300 350 16 22
Example 1300 350 16 19
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[0141]

[Table 8]

A column B column C column D column E column
H w tw tf
(mm) (mm) (mm) (mm)
Example 1300 400 32 40
Example 1300 400 32 36
Example 1300 400 28 40
Example 1300 400 28 36
Example 1300 400 28 32
Example 1300 400 25 40
Example 1300 400 25 36
Example 1300 400 25 32
Example 1300 400 25 28
Example 1300 400 22 40
Example 300 400 22 3
Example 300 400 22 32
Example 300 400 22 2
Example 300 400 22 25
Example 300 400 2 22
Example 300 400 40
Example 300 400 9 6
Example 300 400 9 32
Example 300 400 9 28
Example 300 400 9 25
Example 300 400 9 22
Example 300 400 6 6
Example 300 400 6 32
Example 1300 400 16 28
Example 1300 400 16 25
Example 1300 400 16 22
Example 1300 400 16 19
Example 1300 450 32 40
Example 300 450 32 36
Example 300 450 2 40
Example 300 450 2 36
Example 300 450 2 32
Example 300 450 2 40
Example 300 450 25 36
Example 300 450 25 32
Example 1300 450 25 28
Example 1300 450 22 40
Example 1300 450 22 36
Example 1300 450 22 32
Example 1300 450 22 28
Example 1300 450 22 25
Example 1300 450 22 22
Example 1300 450 19 40
Example 1300 450 19 36
Example 1300 450 19 32
Example 1300 450 19 28
Example 300 450 9 25
Example 300 450 9 22
Example 300 450 6 3
Example 300 450 6 2
Example 300 450 6 2
Example 300 450 6 25
Example 300 450 6 22
Example 300 450 9
Example 300 500 2 40
Example 300 500 3 6
Example 300 500 2 40
Example 300 500 2 36
Example 300 500 2 32
Example 1300 500 25 40
Example 1300 500 25 36
Example 1300 500 25 32
Example 1300 500 25 28
Example 1300 500 22 40
Example 300 500 22 36
Example 300 500 22 32
Example 300 500 22 28
Example 300 500 22 25
Example 300 500 22 22
Example 300 500 1 40
Example 300 500 19 36
Example 1300 500 19 32
Example 1300 500 19 28
Example 1300 500 19 25
Example 1300 500 19 22
Example 1300 500 16 36
Example 1300 500 16 32
Example 1300 500 16 28
Example 1300 500 16 25
Example 1300 500 16 22
Example 1300 500 16 19
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[Table 9]

A column B column C column D column E column

w tw tf
(mm) (mm) (mm) (mm)

Example 1200 300 32 40
Example 1200 300 32 36
Example 1200 300 28 40
Example 1200 300 28 36
Example 1200 300 28 32
Example 1200 300 25 40
Example 1200 300 25 36
Example 1200 300 25 32
Example 1200 300 25 28
Example 1200 300 22 40
Example 200 300, 22 36
Example 200 300 22 32
Example 200 300 22 28
Example 200 300 22 25
Example 200 300 22 22
Example 200 300 9 40
Example 200 300 9 36
Example 200 300 9 32
Example 200 300 9 28
Example 200 300 9 25
Example 200 300 9 22
Example 200 300 6 6
Example 200 300 6 32
Example 1200 300 16 28
Example 1200 300 16 25
Example 1200 300 16 22
Example 1200 300 16 19
Example 1200 350 32 40
Example 200 350 3 36
Example 200 350 2 40
Example 200 350 2 36
Example 200 350 2 32
Example 200 350 2 40
Example 200 350 25 36
Example 200 350 25 32
Example 1200 350 25 28
Example 1200 350 22 40
Example 1200 350 22 36
Example 1200 350 22 32
Example 1200 350 22 28
Example 1200 360 22 25
Example 1200 350 22 22
Example 1200 350 19 40
Example 1200 350 19 36
Example 1200 350 19 32
Example 1200 350 19 28
Example 200 350 9 25
Example 200 350 9 22
Example 200 350 6 36
Example 200 350 6 32
Example 200 350 6 28
Example 200 350 6 25
Example 200 350 6 22
Example 200 350 9
Example 200 400 2 40
Example 200 400 3 6
Example 200 400 2 40
Example 200 400 2 36
Example 200 400 2 32
Example 1200 400 25 40
Example 1200 400 25 36
Example 1200 400 25 32
Example 1200 400 25 28
Example 1200 400 22 40
Example 200 400 22 36
Example 200 400 22 32
Example 200 400 22 28
Example 200 400 22 25
Example 200 400 22 22
Example 200 400 40
Example 200 400 9 36
Example 1200 400 19 32
Example 1200 400 19 28
Example 1200 400 19 25
Example 1200 400 19 22
Example 1200 400 16 36
Example 1200 400 16 32
Example 1200 400 16 28
Example 1200 400 16 25
Example 1200 400 16 22
Example 1200 400 16 19
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[Table 10]

A column B column C column D column E column

w tw tf
(mm) (mm) (mm) (mm)

Example 1200 450 32 40
Example 1200 450 32 36
Example 1200 450 28 40
Example 1200 450 28 36
Example 1200 450 28 32
Example 1200 450 25 40
Example 1200 450 25 36
Example 1200 450 25 32
Example 1200 450 25 28
Example 1200 450 22 40
Example 200 450 22 36
Example 200 450 22 32
Example 200 450 22 28
Example 200 450 22 25
Example 200 450 22 22
Example 200 450 9 40
Example 200 450 9 36
Example 200 450 9 32
Example 200 450 9 28
Example 200 450 9 25
Example 200 450 9 22
Example 200 450 6 6
Example 200 450 6 32
Example 1200 450 16 28
Example 1200 450 16 25
Example 1200 450 16 22
Example 1200 450 16 19
Example 1200 500 32 40
Example 200 500 3 36
Example 200 500 2 40
Example 200 500 2 36
Example 200 500 2 32
Example 200 500 2 40
Example 200 500 25 36
Example 200 500 25 32
Example 1200 500 25 28
Example 1200 500 22 40
Example 1200 500 22 36
Example 1200 500 22 32
Example 1200 500 22 28
Example 1200 500 22 25
Example 1200 500 22 22
Example 1200 500 19 40
Example 1200 500 19 36
Example 1200 500 19 32
Example 1200 500 19 28
Example 200 500 9 25
Example 200 500 9 22
Example 200 500 6 36
Example 200 500 6 32
Example 200 500 6 28
Example 200 500 6 25
Example 200 500 6 22
Example 00 500 9
Example 50 300 2 40
Example 50 300 3 6
Example 50 300 2 40
Example 50 300 2 36
Example 50 300 2 32
Example 1150 300 25 40
Example 1150 300 25 36
Example 1150 300 25 32
Example 1150 300 25 28
Example 1150 300 22 40
Example 50 300 22 36
Example 50 300 22 32
Example 50 300 22 28
Example 50 300 22 25
Example 50 300 22 22
Example 50 300 40
Example 50 300 9 36
Example 1150 300 19 32
Example 1150 300 19 28
Example 1150 300 19 25
Example 1150 300 19 22
Example 1150 300 16 36
Example 1150 300 16 32
Example 1150 300 16 28
Example 1150 300 16 25
Example 1150 300 16 22
Example 1150 300 16 19
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[0144]

[Table 11]

A column B column C column D column E column
w tw tf
(mm) (mm) (mm) (m)
Example 1150 350 32 40
Example 1150 350 32 36
Example 1150 350 28 40
Example 1150 350 28 36
Example 1150 350 28 32
Example 1150 350 25 40
Example 1150 350 25 36
Example 1150 350 25 32
Example 1150 350 25 28
Example 1150 350 22 40
Example 50 360 22 36
Example 50 350 22 32
Example 50 350 22 28
Example 50 350 22 25
Example 50 350 22 22
Example 50 350 9 40
Example S0 350 9 36
Example S0 350 9 32
Example S0 350 9 28
Example S0 350 9 25
Example S0 350 9 22
Example 50 350 6 6
Example 50 350 6 32
Example 1150 360 16 28
Example 1150 350 16 25
Example 1150 350 16 22
Example 1150 350 16 19
Example 1150 400 32 40
Example 50 400 3 36
Example 50 400 2 40
Example 50 400 2 36
Related art 50 400 2 32
Example 50 400 2 40
Example 50 400 25 36
Example 50 400 25 32
Related art 1150 400 25 28
Example 1150 400 22 40
Example 1150 400 22 36
Example 1150 400 22 32
Example 1150 400 22 28
Example 1150 400 22 25
Related art 1150 400 22 22
Example 1150 400 19 40
Example 1150 400 19 36
Example 1150 400 19 32
Example 1150 400 19 28
Example 50 400 9 25
Example 50 400 9 22
Example 50 400 6 36
Example 50 400 6 32
Example 50 400 6 28
Example 50 400 6 25
Example 50 400 6 22
Example S0 400 9
Example 50 450 2 40
Related art 50 450 3 6
Example 50 450 2 40
Example 50 450 2 36
Related art 50 450 2 32
Example 1150 450 25 40
Example 1150 450 25 36
Example 1150 450 25 32
Related art 1150 450 25 28
Example 1150 450 22 40
Example 50 450 22 36
Example 50 450 22 32
Example 50 450 22 28
Related art 50 450 22 25
Related art 50 450 22 22
Example 50 450 40
Example 50 450 9 36
Example 1150 450 19 32
Example 1150 460 19 28
Example 1160 450 19 25
Example 1150 450 19 22
Example 1150 450 16 36
Example 1150 450 16 32
Example 1150 450 16 28
Example 1150 450 16 25
Example 1150 450 16 22
Example 1150 450 16 19
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[0145]

[Table 12]
A column B column C column D column E column
tw tf
(mm) (mm) (mm) (mm)
Example 1150 500 32 40
Related art 1150 500 32 36
Example 1150 500 28 40
Example 1150 500 28 36
Related art 1150 500 28 32
Example 1150 500 25 40
Example 1150 500 25 36
Related art 1150 500 25 32
Related art 1150 500 25 28
Example 1150 500 22 40
Example 50 500 22 3
Example 50 500 22 32
clated art 50 500 22 2
clated art 50 500 22 25
clated art 50 500 2 22
Example 50 500 40
Example 50 500 9
Example 50 500 9 32
Example 50 500 9 2
Example 50 500 9 25
Related art 50 500 9 22
Example 50 500 6 6
Example 50 500 6 32
Example 1150 500 16 28
Example 1150 500 16 25
Example 1150 500 16 22
Example 1150 500 16 19
Related art 1100 300 32 40
Related art 00 300 32 36
Related art 00 300 2 40
Related art 00 300 2 36
Related art 00 300 2 32
Example 00 300 2 40
Related art 00 300 25 36
Related art 00 300 25 32
Related art 1100 300 25 28
Example 1100 300 22 40
Example 1100 300 22 36
Example 1100 300 22 32
Related art 1100 300 22 28
Related art 1100 300 22 25
Related art 1100 300 22 22
Example 1100 300 19 40
Example 1100 300 19 36
Example 1100 300 19 32
Example 1100 300 19 28
Example 00 300 9 25
Example 00 300 9 22
Example 00 300 6 3
Example 00 300 6 32
Example 00 300 6 2
Example 00 300 6 25
Example 00 300 6 22
Example 00 300 19
elated art 00 350 2 40
elated art 00 350 3 36
elated art 00 350 2 40
elated art 00 350 2 36
elated art 00 350 2 32
Related art 1100 350 25 40
Related art 1100 350 25 36
Related art 1100 350 25 32
Related art 1100 350 25 28
Example 1100 350 22 40
Example 00 350 22 36
Related art 00 350 22 32
Related art 00 350 22 28
Related art 00 350 22 25
Related art 00 350 22 22
Example 00 350 1 40
Example 00 350 19 36
Example 1100 350 19 32
Example 1100 350 19 28
Example 1100 350 19 25
Related art 1100 350 19 22
Example 1100 350 16 36
Example 1100 350 16 32
Example 1100 350 16 28
Example 1100 350 16 25
Example 1100 350 16 22
Example 1100 350 16 19
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[0146]

[Table 13]

A column B column C column D column E column

tw tf
(mm) (mm) (mm) (mm)

Related art 1100 400 32 40
Related art 1100 400 32 36
Related art 1100 400 28 40
Related art 1100 400 28 36
Related art 1100 400 28 32
Related art 1100 400 25 40
Related art 1100 400 25 36
Related art 1100 400 25 32
Related art 1100 400 25 28
Example 1100 400 22 40
| Related art 00 400 22 36
| Related art 00 400 22 32
| Related art 00 400 22 28
| Related art 00 400 22 25
| Related art 00 400 2 22
Example 00 400 40
Example 00 400 9 36
| Related art 00 400 9 32
| Related art 00 400 9 28
| Related art 00 400 9 25
| Related art 00 400 9 22
Example 00 400 6 6
Example 00 400 6 32
Example 1100 400 16 28
Example 1100 400 16 25
Example 1100 400 16 22
Example 1100 400 16 19
Related art 1100 450 32 40
| Related art 00 450 3 36
| Related art 00 450 2 40
| Related art 00 450 2 36
| Related art 00 450 2 32
| Related art 00 450 2 40
| Related art 00 450 25 36
Related art 00 450 25 32
Related art 1100 450 25 28
Related art 1100 450 22 40
Related art 1100 450 22 36
Related art 1100 450 22 32
Related art 1100 450 22 28
Related art 1100 450 22 25
Related art 1100 450 22 22
Example 1100 450 19 40
Related art 1100 450 19 36
Related art 1100 450 19 32
Related art 1100 450 19 28
Related art 00 450 9 25
Related art 00 450 9 22
Example 00 450 6 36
Example 00 450 6 32
| Related art 00 450 6 28
| Related art 00 450 6 25
| Related art 00 450 6 22
| Related art 00 450 9
| Related art 00 500 2 40
| Related art 00 500 3 6
| Related art 00 500 2 40
| Related art 00 500 2 36
elated art 00 500 2 32
Related art 1100 500 25 40
Related art 1100 500 25 36
Related art 1100 500 25 32
Related art 1100 500 25 28
Related art 1100 500 22 40
| Related art 00 500 22 36
| Related art 00 500 22 32
| Related art 00 500 22 28
| Related art 00 500 22 25
| Related art 00 500 22 22
| Related art 00 500 1 40
Related art 00 500 19 36
Related art 1100 500 19 32
Related art 1100 500 19 28
Related art 1100 500 19 25
Related art 1100 500 19 22
Related art 1100 500 16 36
Related art 1100 500 16 32
Related art 1100 500 16 28
Related art 1100 500 16 25
Related art 1100 500 16 22
Related art 1100 500 16 19

- 69 -



[0147]

[Table 14]

A column B column C column D column E column
H w tf
(mm) (mm) (mm) (mm)
Related art 1050 300 32 40
Related art 1050 300 32 36
Related art 1050 300 28 40
Related art 1050 300 28 36
Related art 1050 300 28 32
Related art 1050 300 25 40
Related art 1050 300 25 36
Related art 1050 300 25 32
Related art 1050 300 25 28
Related art 1050 300 22 40
| Related art 050 300 22 3
| Related art 050 300 22 32
| Related art 050 300 22 2
| Related art 050 300 22 25
| Related art 050 300 2 22
| Related art 050 300 40
| Related art 050 300 9 6
| Related art 050 300 9 32
| Related art 050 300 9 28
| Related art 050 300 9 25
| Related art 050 300 9 22
Example 050 300 6 6
Example 050 300 6 32
Example 1050 300 16 28
Example 1050 300 16 25
Example 1050 300 16 22
Example 1050 300 16 19
Related art 1050 350 32 40
| Related art 050 350 3 36
| Related art 050 350 2 40
| Related art 050 350 2 36
| Related art 050 350 2 32
| Related art 050 350 2 40
| Related art 050 350 25 36
Related art 050 350 25 32
Related art 1050 350 25 28
Related art 1050 350 22 40
Related art 1050 350 22 36
Related art 1050 350 22 32
Related art 1050 350 22 28
Related art 1050 350 22 25
Related art 1050 350 22 22
Related art 1050 350 19 40
Related art 1050 350 19 36
Related art 1050 350 19 32
Related art 1050 350 19 28
| Related art 050 350 9 25
| Related art 050 350 9 22
| Related art 050 350 6 3
| Related art 050 350 6 2
| Related art 050 350 6 2
| Related art 050 350 6 25
| Related art 050 350 6 22
| Related art 050 350 9
| Related art 050 400 2 40
| Related art 050 400 3 6
| Related art 050 400 2 40
| Related art 050 400 2 36
elated art 050 400 2 32
Related art 1050 400 25 40
Related art 1050 400 25 36
Related art 1050 400 25 32
Related art 1050 400 25 28
Related art 1050 400 22 40
| Related art 050 400 22 36
| Related art 050 400 22 32
| Related art 050 400 22 28
| Related art 050 400 22 25
| Related art 050 400 22 22
| Related art 050 400 40
Related art 050 400 9 36
Related art 1050 400 19 32
Related art 1050 400 19 28
Related art 1050 400 19 25
Related art 1050 400 19 22
Related art 1050 400 16 36
Related art 1050 400 16 32
Related art 1050 400 16 28
Related art 1050 400 16 25
Related art 1050 400 16 22
Related art 1050 400 16 19
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[Table 15]

A column B column C column D column E column
w tw if
(mm) (mm) (mm) (mm)
Related art 1050 450 32 40
Related art 1050 450 32 36
Related art 1050 450 28 40
Related art 1050 450 28 36
Related art 1050 450 28 32
Related art 1050 450 25 40
Related art 1050 450 25 36
Related art 1050 450 25 32
Related art 1050 450 25 28
Related art 1050 450 22 40
| Related art 050 450 22 3
| Related art 050 450 22 32
| Related art 050 450 22 2
| Related art 050 450 22 25
| Related art 050 450 2 22
| Related art 050 450 40
| Related art 050 450 9
| Related art 050 450 9 32
| Related art 050 450 9 2
| Related art 050 450 9 25
| Related art 050 450 9 22
| Related art 050 450 6 6
Related art 050 450 6 32
Related art 1050 450 16 28
Related art 1050 450 16 25
Related art 1050 450 16 22
Related art 1050 450 16 19
Related art 1050 500 32 40
| Related art 050 500 32 36
| Related art 050 500 2 40
| Related art 050 500 2 36
| Related art 050 500 2 32
| Related art 050 500 2 40
| Related art 050 500 25 36
Related art 050 500 25 32
Related art 1050 500 25 28
Related art 1050 500 22 40
Related art 1050 500 22 36
Related art 1050 500 22 32
Related art 1050 500 22 28
Related art 1050 500 22 25
Related art 1050 500 22 22
Related art 1050 500 19 40
Related art 1050 500 19 36
Related art 1050 500 19 32
Related art 1050 500 19 28
| Related art 050 500 9 25
| Related art 050 500 9 22
| Related art 050 500 6 3
| Related art 050 500 6 32
| Related art 050 500 6 2
| Related art 050 500 6 25
| Related art 050 500 6 22
| Related art 050 500 9
Example 000 250 2 28
Example 000 250 2 25
Example 000 250 2 22
Example 000 250 2 19
Example 000 250 2 16
Example 1000 300 12 28
Example 1000 300 12 25
Example 1000 300 12 22
Example 1000 300 12 29
Example 1000 300 12 16
Related art 000 350 2 25
| Related art 000 350 2 22
Example 000 350 2 19
Example 000 350 6
Example 950 250 28
Example 950 250 25
Example 950 250 22
Example 950 250 11 19
Example 950 250 11 16
Related art 950 300 11 28
Related art 950 300 11 25
Related art 950 300 11 22
Related art 950 300 11 29
Example 950 300 11 16
Related art 950 350 11 25
Related art 950 350 11 22
Related art 950 350 11 19
Related art 950 350 11 16
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[Table 16]

A column B column C column D column E column

H w tw tf
(mm) (mm) (mm) (mm)

Related art 900 250 11 28
Related art 900 250 11 25
Related art 900 250 11 22
Example 900 250 11 19
Example 900 250 11 16
Related art 900 300 11 28
Related art 900 300 11 25
Related art 900 300 11 22
Related art 900 300 11 29
Related art 900 300 11 16
| Related art 900 350 25
| Related art 900 350 22
| Related art 900 350 19
| Related art 00 350 16
| Related art 50 200 25
Example 50 200 0 2
Example 50 200 0 9
Example 50 200 0 6
Example 50 200 0 2
elated art 50 250 0 25
elated art 50 250 0 22
| Related art 50 250 0 19
Example 50 250 0 16
Example 850 250 10 12
Related art 850 300 10 28
Related art 850 300 10 25
Related art 850 300 10 22
Related art 850 300 10 19
| Related art 50 300 0 16
| Related art 50 350 0 25
| Related art 50 350 0 22
| Related art 50 350 0 19
| Related art 50 350 0 16
| Related art 00 200 0 25
Related art 00 200 0 22
Related art 800 200 10 19
Example 800 200 10 16
Example 800 200 10 12
Related art 800 250 10 25
Related art 800 250 10 22
Related art 800 250 10 19
Related art 800 250 10 16
Related art 800 250 10 12
Related art 800 300 10 28
Related art 800 300 10 25
Related art 800 300 10 22
| Related art 00 300 0 19
| Related art 00 300 0 16
| Related art 00 350 0 25
| Related art 00 350 0 22
| Related art 00 350 0 19
| Related art 00 350 0 16
| Related art 50 200 9 25
| Related art 750 200 9 22
| Related art 750 200 9 9
| Related art 750 200 9 6
Example 750 200 9 2
Related art 700 200 9 25
Related art 700 200 9 22
Related art 700 200 9 19
Related art 700 200 9 16
Related art 700 200 9 12
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[0150]

While the embodiments of the present invention have been described above,
the embodiments are presented by way of example only, and the scope of the present
invention is not limited only to the embodiments. The embodiments can be embodied
in a variety of other forms, and various omissions, substitutions, and changes can be
made without departing from the gist of the invention. The embodiments and the
modifications thereof are included in the scope and gist of the invention as well as in
the inventions described in the claims and their equivalents.

[Brief Description of the Reference Symbols]

[0151]

1: rolled H-section steel

2: beam

2a: end portion

2b: middle portion

20: outer circumferential surface

21: upper flange

21a: both upper and lower surfaces

21b: both left and right end surfaces

22: lower flange

22a: both upper and lower surfaces

22b: both left and right end surfaces

23: web

23a: both left and right side surfaces

23b: curved connection portions (fillets)

25: shear connector
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3: column

30: diaphragm

4: floor slab

X: width direction

Y: member axis direction

Z:: height direction
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[Document Type] CLAIMS
What is claimed is:
1. A method of designing a rolled H-section steel,
the rolled H-section steel including
an upper flange,
a lower flange, and
a web connecting the upper flange to the lower flange,
an outer circumferential surface of each of the upper flange, the lower flange,
and the web being subjected to a surface treatment,
the method comprising:
setting a height dimension H from the upper flange to the lower flange, a
width dimension W of each of the upper flange and the lower flange, a plate thickness
tw of the web, and a plate thickness tf of each of the upper flange and the lower flange
so that, when it is assumed that a value obtained by dividing a second moment of area
Ix about a strong axis by an outer circumferential length Lp in a cross-sectional shape
when viewed in a cross section perpendicular to a member axis direction is a surface
treatment economy Ix/Lp and an area of the cross-sectional shape is S, Formulas (35)
to (38) are satisfied, the height dimension H is 700 mm or more, the width dimension
W is 1/5 or more and 12 or less of the height dimension H, the plate thickness tw is 9
mm or more and 32 mm or less, and the plate thickness tf is 12 mm or more and 40
mm or less.

[Math 28]
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KlIp=C, exp(C,-HIS) =+ + (35)
C,=120+100-k - - - (36)
C,=-106+10k - - - (37)

6.1<k<8 + + + (38)

2. The method of designing a rolled H-section steel according to claim 1,

wherein, under a condition that the rolled H-section steel is used as a beam
extending in the member axis direction and both end portions of the rolled H-section
steel in the member axis direction are fixed, a condition that lateral movement of the
rolled H-section steel in a width direction in a middle portion in the member axis
direction is restricted, and a condition in which an intermediate load acts on the upper
flange from above and end loads act on both end portions in the member axis direction,
using an elastic lateral buckling moment Mcr of the beam calculated from Formulas
(12) to (16), the height dimension H, the width dimension W, the plate thickness tw,
and the plate thickness tf are set so that lateral buckling does not occur in the beam,

wherein, V. a shear force acting on the end portions of the beam in the
member axis direction, W, the intermediate load acting on the middle portion of the
beam in the member axis direction, 3 and y: coefficients determined from Formulas (1)
and (2) depending on loads V¢r and Wer, I: a length of the beam in the member axis
direction, E: a Young’s modulus, I: a second moment of area about a weak axis of the
lower flange, G: a shear elastic modulus, J: a Saint-Venant’s torsion constant, dy: a

plate thickness center-to-center distance between the upper flange and the lower flange,
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y: a length from one end portion of the beam in the member axis direction as a
reference to any point of the beam in the member axis direction, 0y: a torsion angle
generated in the beam due to lateral buckling, 0°y: a first order derivative of 6y, 8°y: a
second order derivative of 0y, and a: a parameter for integration.

[Math 29]

1 2n°Eld GJ
M = B b+ 4 < oo (12)
“ (1—,6—;/)A+(,8+;/)C+yD[ I? d,))

A=1[gdy + -+ (3

B=

]3 ]0”207’ . " . (14)
27 -[0 r
C=[yody -+ (15

2 ] y ,2 [ ] » [ ]
D:ﬂojo (y —a)8 dady 16)

[Math 30]

M,
!

V. ==(B+7) c oo (1)

f;WZ,ydy:VMc,- - (2)

3. The method of designing a rolled H-section steel according to claim 2,
wherein the height dimension H, the width dimension W, the plate thickness

tw, and the plate thickness tf are set so that a square root of a value obtained by
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dividing a full plastic moment Mp of the rolled H-section steel by the elastic lateral

buckling moment Mc: becomes 0.6 or less.

4. Arolled H-section steel comprising:

an upper flange;

a lower flange; and

a web which connects the upper flange to the lower flange,

wherein an outer circumferential surface of each of the upper flange, the
lower flange, and the web is subjected to a surface treatment,

a height dimension H from the upper flange to the lower flange is 700 mm or
more,

a width dimension W of each of the upper flange and the lower flange is 1/5 or
more and 1/2 or less of the height dimension H,

a plate thickness tw of the web is 9 mm or more and 32 mm or less,

a plate thickness tf of each of the upper flange and the lower flange is 12 mm
or more and 40 mm or less, and

when it is assumed that a value obtained by dividing a second moment of area
Ix about a strong axis by an outer circumferential length Lp in a cross-sectional shape
when viewed in a cross section perpendicular to a member axis direction is a surface
treatment economy Ix/Lp and an area of the cross-sectional shape is S, the height
dimension H, the width dimension W, the plate thickness tw, and the plate thickness tf
satisfy Formulas (35) to (38).

[Math 31]
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Ik/Ip=C, exp(C, - H/S) + + + (35

il

C,=120+100-k - - - (36)
C,=-106+10-k - - - (37)

6.1<k<8 + + + (38
5. A method of manufacturing a rolled H-section steel comprising:
manufacturing the rolled H-section steel having the height dimension H, the

width dimension W, the plate thickness tw, and the plate thickness tf set according to

the method of designing a rolled H-section steel according to any one of claims 1 to 3.
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