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to the buckling stress τcr represented by Formula (34), using Formula (31) to Formula 

(33). 

 Here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 [0031] 

 

 [0032] 

 <13> A buckling stress estimation device that estimates a buckling stress of a 

sheet element that buckles due to a shear force acting as the external force in the 

direction along the x-axis or the direction along the y-axis using the displacement 

estimation device according to <1>, in which when the sheet element is the elastic 

element, and a half wavelength in the direction along the x-axis of the sheet element that 

is displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, the first displacement estimation portion estimates that the 

first out-of-plane displacement ww of the sheet element becomes symmetrical in the 

direction along the y-axis with respect to the reference line, and the buckling stress 

estimation device includes a second displacement estimation portion that estimates a  
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 [0060] 

 <28> A buckling stress estimation method of estimating a buckling stress of a 

sheet element that buckles due to a shear force acting as the external force in the 

direction along the x-axis or the direction along the y-axis using the displacement 

estimation method according to <16>, in which, when the sheet element is the elastic 

element, an axis that extends in the sheet thickness direction of the sheet element is 

defined as the z-axis, and a half wavelength in the direction along the x-axis of the sheet 

element that is displaced in a positive orientation of the z-axis and a negative orientation 

of the z-axis alternately in a wavy shape toward a first end of the sheet element in the 

direction along the x-axis is indicated by a, in the first displacement estimation step, the 

first out-of-plane displacement ww of the sheet element is estimated to be symmetrical 

in the direction along the y-axis with respect to the reference line, and the buckling 

stress estimation method includes a second displacement estimation step of estimating a 

second out-of-plane displacement Ww of the sheet element directed in the direction 

along the z-axis from Formula (74); and a stress calculation step of obtaining the 

buckling stress of the sheet element based on an energy method using Formula (74). 

 Here, N is a natural number of 2 or more, λ is an undetermined coefficient, and 

bw is a length of the sheet element in the direction along the y-axis. 

 [0061] 
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each of Formula (108) and Formula (109) using the first out-of-plane displacement ww 

estimated by the first displacement estimation portion, and as a stress calculation 

portion that obtains the buckling stress of the H-section sheet based on an energy 

method using the second out-of-plane displacement Ww, the second out-of-plane 

displacements Wf1 and Wf2, and Formula (107) to Formula (109). 

 Here, N is a natural number of 2 or more, and λ is an undetermined coefficient. 

 [0086] 

 

 [0087] 

 <43> The buckling stress estimation program according to <42>, in which the 

stress calculation portion obtains the buckling stress τcr based on the an, the bn, the λ, 

and the half wavelength a, which are real numbers that impart a minimum positive value 

to the buckling stress τcr represented by Formula (113), using Formula (110) to Formula 

(112). 

 Here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 [0088] 
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 [0089] 

 <44> A buckling stress estimation program that estimates a buckling stress of a 

sheet element that buckles due to a shear force acting as the external force in the 

direction along the x-axis or the direction along the y-axis using the displacement 

estimation program according to <32>, in which, when the sheet element is the elastic 

element, an axis that extends in the sheet thickness direction of the sheet element is 

defined as a z-axis, and a half wavelength in the direction along the x-axis of the sheet 

element that is displaced in a positive orientation of the z-axis and a negative orientation 

of the z-axis alternately in a wavy shape toward a first end of the sheet element in the 

direction along the x-axis is indicated by a, with the displacement estimation program, 

the first displacement estimation portion is made to estimate that the first out-of-plane 

displacement ww of the sheet element becomes symmetrical in the direction along the y-

axis with respect to the reference line, and the buckling stress estimation program 

causes the estimation device to function as a second displacement estimation portion 

that estimates a second out-of-plane displacement Ww of the sheet element directed in 

the direction along the z-axis from Formula (114) using the first out-of-plane 

displacement ww estimated by the first displacement estimation portion, and as a stress 

calculation portion that obtains the buckling stress of the sheet element based on an 

energy method using Formula (114). 
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 For example, in the present embodiment, estimation of the second out-of-plane 

displacement Wf1 of the first flange sheet element 11 from Formula (164) using the first 

out-of-plane displacement ww of the first flange sheet element 11 estimated by the first 

displacement estimation portion 52 has the following meaning.  That is, a value 

obtained by multiplying the partial differential of the second out-of-plane displacement 

Ww of the web sheet element 13 estimated from Formula (162) at v = 0 by the w-axis 

coordinate is regarded as the second out-of-plane displacement Wf1 of the first flange 

sheet element 11.  That is, in the present embodiment, the first flange sheet element 11 

at a predetermined u-axis value is a linear shape inclined in accordance with the value 

of the above-described partial differential. 

 Based on the energy method, the strain energy Uw that is generated in the web 

sheet element 13 due to buckling distortion is represented as Formula (167), and the 

strain energy Uf in the first and second flange sheet elements 11 and 12 is represented as 

Formula (168). 

 [0183] 

 

 [0184] 

 However, the sheet rigidity Dw of the web sheet element 13 is expressed as 

Formula (169).  The sheet rigidity Df of the first and second flange sheet elements 11 

and 12 is represented as Formula (170).  The buckling stress of the H-section steel 10 

is indicated by σcr. 
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out-of-plane displacement ww of the web sheet element 13 estimated by the first 

displacement estimation portion 52.  The second displacement estimation portion 102 

estimates the second out-of-plane displacement Wf1 of the first flange sheet element 11 

from Formula (224) and estimates the second out-of-plane displacement Wf2 of the 

second flange sheet element 12 from Formula (225) using the first out-of-plane 

displacement ww of each of the first flange sheet element 11 and the second flange sheet 

element 12 estimated by the first displacement estimation portion 52. 

 Here, based on the energy method, the strain energy Uw that is generated in the 

web sheet element 13 due to buckling distortion is represented as Formula (227), and 

the strain energy Uf in the first and second flange sheet elements 11 and 12 is 

represented as Formula (228). 

 [0264] 

 

 [0265] 

 However, the sheet rigidity Dw of the web sheet element 13 is expressed as 

Formula (229).  The sheet rigidity Df of the first and second flange sheet elements 11 

and 12 is represented as Formula (230).  The stress function σw of the web sheet 

element 13 on which the bending moments F11 act is represented as Formula (231) by 

indicating the buckling stress of the H-section steel 10 as σcr.  Here, the stress function 

σw becomes positive in the case of compression. 

 The function δw is a displacement in the u-axis direction at a certain coordinate  
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displacement estimation portion 52.  The second displacement estimation portion 122 

estimates the second out-of-plane displacement Wf1 of the first flange sheet element 11 

from Formula (284) and estimates the second out-of-plane displacement Wf2 of the 

second flange sheet element 12 from Formula (285) using the first out-of-plane 

displacement ww of each of the first flange sheet element 11 and the second flange sheet 

element 12 estimated by the first displacement estimation portion 52. 

 Here, based on the energy method, the strain energy Uw that is generated in the 

web sheet element 13 due to buckling distortion is represented as Formula (287), and 

the strain energy Uf in the first and second flange sheet elements 11 and 12 is 

represented as Formula (288). 

 [0345] 

 

 [0346] 

 However, the sheet rigidity Dw of the web sheet element 13 is expressed as 

Formula (289).  The sheet rigidity Df of the first and second flange sheet elements 11 

and 12 is represented as Formula (290).  The buckling stress of the H-section steel 10 

is indicated by τcr. 

 The function δw is a function that expresses the distortion of the web sheet 

element 13 in the u-axis direction when buckling occurs and is represented as Formula 

(291) by indicating the u-axis displacement that is generated at the center of the first 

flange sheet element 11 with respect to the center of the second flange sheet element 12 
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Formula (301) to Formula (303). 

 [0353] 

 

 [0354] 

 Specifically, the half wavelength a and the undetermined coefficient λ are 

treated as constants.  In this state, a simultaneous equation representing that a function 

obtained by partially differentiating the total potential energy Π by the undetermined 

coefficients an and bn is equal to 0 is created, thereby obtaining an and bn, which are real 

numbers.  In a case where there is a plurality of sets of an and bn that serves as the 

solution to the simultaneous equation, the buckling stress τcr is obtained based on, 

among the plurality of sets of an and bn, the set of an and bn that imparts the minimum 

positive value to the buckling stress τcr represented by Formula (304) (by assigning the 

set of an and bn to Formula (304)).  Next, the half wavelength a and the undetermined 

coefficient λ are treated as variables.  From an equation representing that a function 

obtained by partially differentiating the total potential energy Π, for which the set of an 

and bn has been obtained, by the half wavelength a and the undetermined coefficient λ is 

equal to 0, the half wavelength a and the undetermined coefficient λ are obtained.  The 

buckling stress τcr obtained based on the set of an and Bn, the half wavelength a, and the 

undetermined coefficient λ obtained as described above becomes a buckling stress τcr in 

demand. 
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[Document Type] [CLAIMS] 

 1.  A displacement estimation device that estimates a first out-of-plane 

displacement ww of an elastic element directed in a direction along a z-axis, which is a 

sheet thickness direction of the elastic element being formed in a flat sheet shape that 

extends along an x-axis and a y-axis that are orthogonal to each other, when an external 

force acts on an end surface of the elastic element and the elastic element buckles in the 

direction along the z-axis, the displacement estimation device comprising: 

 a first displacement estimation portion that, 

 when the elastic element shows a rectangular shape having a length in a 

direction along the x-axis longer than a length in a direction along the y-axis when 

viewed along the z-axis, and 

 a line that passes through a central position of a length of the elastic element in 

the direction along the y-axis and is along the x-axis is defined as a reference line, 

 estimates the first out-of-plane displacement ww from Formula (1) in a case 

where the first out-of-plane displacement ww is estimated to be symmetrical in the 

direction along the y-axis with respect to the reference line and estimates the first out-

of-plane displacement ww from Formula (2) in a case where the first out-of-plane 

displacement ww is estimated to become asymmetrical in the direction along the y-axis 

with respect to the reference line, 

 wherein, in Formula (1) and Formula (2), a term including a coefficient bn 

represents, among components of the first out-of-plane displacement ww, an out-of-

plane displacement for which a boundary condition of both ends in the direction along 

the y-axis is a simple support, and a term including a coefficient an represents, among 

components of the first out-of-plane displacement ww, an out-of-plane displacement for 

which a boundary condition of both ends in the direction along the y-axis is a fixed 
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support, 

 here, a value of Y in Formula (1) and Formula (2) is a value for which a 

coordinate of the y-axis is made dimensionless using the length of the elastic element in 

the direction along the y-axis, N is a natural number of 2 or more, and a0, an, and bn are 

undetermined coefficients. 

 

 2.  The displacement estimation device according to claim 1, 

 wherein N is 2. 

 3.  A buckling stress estimation device that estimates a buckling stress of an 

H-section steel that buckles due to a compressive force acting as the external force using 

the displacement estimation device according to claim 1, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the compressive force acts on the end surface of the H-section steel in a 

direction along a u-axis that is the x-axis of the web sheet element, 

 a w-axis is defined as an axis in the direction along the z-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 
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 a central position of the first flange sheet element in the direction along the v-

axis is defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 

 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 the first displacement estimation portion estimates that the first out-of-plane 

displacement ww of the H-section steel becomes symmetrical in the direction along the 

v-axis with respect to the reference line, and 

 the buckling stress estimation device comprises 

 a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (3) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion and estimates each of second out-of-plane 

displacements Wf1 and Wf2 directed in the direction along the v-axis in the first flange 

sheet element and the second flange sheet element from each of Formula (4) and 

Formula (5) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion; and 

 a stress calculation portion that obtains the buckling stress of the H-section 

sheet based on an energy method using the second out-of-plane displacement Ww, the 

second out-of-plane displacements Wf1 and Wf2, and Formula (3) to Formula (5), 
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 here, N is a natural number of 2 or more. 

 

 4.  The buckling stress estimation device according to claim 3, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (10), using Formula (6) 

to Formula (9), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 

 5.  A buckling stress estimation device that estimates a buckling stress of a 

sheet element that buckles due to a compressive force acting as the external force in the 

direction along the x-axis using the displacement estimation device according to claim 

1, 
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 wherein, when the sheet element is the elastic element, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 the first displacement estimation portion estimates that the first out-of-plane 

displacement ww of the sheet element becomes symmetrical in the direction along the y-

axis with respect to the reference line, and 

 the buckling stress estimation device comprises 

 a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (11) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion; and 

 a stress calculation portion that obtains the buckling stress of the sheet element 

based on an energy method using Formula (11), 

 here, N is a natural number of 2 or more, and bw is a length of the sheet 

element in the direction along the y-axis. 

 

 6.  The buckling stress estimation device according to claim 5, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (14), using Formula 

(12) and Formula (13), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 
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sheet element, and tw is a thickness of the sheet element. 

 

 7.  A buckling stress estimation device that estimates a buckling stress of an 

H-section steel that buckles due to a bending moment acting as the external force using 

the displacement estimation device according to claim 1, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the bending moment acts on the end surface of the H-section steel about a w-

axis that is the z-axis of the web sheet element, 

 a u-axis is defined as an axis in the direction along the x-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 the first flange sheet element is assumed to receive a tensile force due to the 

bending moment, 

 a central position of the first flange sheet element in the direction along the v-

axis is defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 
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sheet element is defined as a positive orientation of the v-axis, 

 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 the first displacement estimation portion estimates that the first out-of-plane 

displacement ww of the H-section steel becomes asymmetrical in the direction along the 

y-axis with respect to the reference line, and 

 the buckling stress estimation device comprises 

 a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (15) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion and estimates each of second out-of-plane 

displacements Wf1 and Wf2 directed in the direction along the v-axis in the first flange 

sheet element and the second flange sheet element from each of Formula (16) and 

Formula (17) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion; and 

 a stress calculation portion that obtains the buckling stress of the H-section 

sheet based on an energy method using the second out-of-plane displacement Ww, the 

second out-of-plane displacements Wf1 and Wf2, and Formula (15) to Formula (17), 

 here, N is a natural number of 2 or more. 
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 8.  The buckling stress estimation device according to claim 7, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (22), using Formula 

(18) to Formula (21), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 

 9.  A buckling stress estimation device that estimates a buckling stress of a 

sheet element that buckles due to a bending moment acting as the external force about 

the z-axis using the displacement estimation device according to claim 1, 

 wherein, when the sheet element is the elastic element, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 
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displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 the first displacement estimation portion estimates that the first out-of-plane 

displacement ww of the sheet element becomes asymmetrical in the direction along the 

y-axis with respect to the reference line, and 

 the buckling stress estimation device comprises 

 a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (23) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion; and 

 a stress calculation portion that obtains the buckling stress of the sheet element 

based on an energy method using Formula (23), 

 here, N is a natural number of 2 or more, and bw is a length of the sheet 

element in the direction along the y-axis. 

 

 10.  The buckling stress estimation device according to claim 9, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (26), using Formula 

(24) and Formula (25), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 
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 11.  A buckling stress estimation device that estimates a buckling stress of an 

H-section steel that buckles due to a shear force acting as the external force using the 

displacement estimation device according to claim 1, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the shear force acts on the end surface of the H-section steel in the direction 

along the v-axis, 

 a u-axis is defined as an axis in the direction along the x-axis of the web sheet 

element, 

 a w-axis is defined as an axis in the direction along the z-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 a central position of the web sheet element in the direction along the v-axis is 

defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 
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 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 the first displacement estimation portion estimates that the first out-of-plane 

displacement ww of the H-section steel becomes symmetrical in the direction along the 

v-axis with respect to the reference line, and 

 the buckling stress estimation device comprises 

 a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (27) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion and estimates each of second out-of-plane 

displacements Wf1 and Wf2 directed in the direction along the v-axis in the first flange 

sheet element and the second flange sheet element from each of Formula (28) and 

Formula (29) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion; and 

 a stress calculation portion that obtains the buckling stress of the H-section 

sheet based on an energy method using the second out-of-plane displacement Ww, the 

second out-of-plane displacements Wf1 and Wf2, and Formula (27) to Formula (29), 

 here, N is a natural number of 2 or more, and λ is an undetermined coefficient. 
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 12.  The buckling stress estimation device according to claim 11, 

 wherein the stress calculation portion obtains the buckling stress τcr based on 

the an, the bn, the λ, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress τcr represented by Formula (33), using 

Formula (30) to Formula (32), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 

 

 13.  A buckling stress estimation device that estimates a buckling stress of a 

sheet element that buckles due to a shear force acting as the external force in the 

direction along the x-axis or the direction along the y-axis using the displacement 

estimation device according to claim 1, 

 wherein, when the sheet element is the elastic element, and 
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 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 the first displacement estimation portion estimates that the first out-of-plane 

displacement ww of the sheet element becomes symmetrical in the direction along the y-

axis with respect to the reference line, and 

 the buckling stress estimation device comprises 

 a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (34) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion; and 

 a stress calculation portion that obtains the buckling stress of the sheet element 

based on an energy method using Formula (34), 

 here, N is a natural number of 2 or more, λ is an undetermined coefficient, and 

bw is a length of the sheet element in the direction along the y-axis. 

 

 14.  The buckling stress estimation device according to claim 13, 

 wherein the stress calculation portion obtains the buckling stress τcr based on 

the undetermined coefficients an, bn, and λ, and the half wavelength a, which are real 

numbers that impart a minimum positive value to the buckling stress τcr represented by 

Formula (37), using Formula (35) and Formula (36), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 



 - 199 - 

 

 15.  The buckling stress estimation device according to any one of claims 3 to 

14, 

 wherein N is 2. 

 16.  A displacement estimation method of estimating a first out-of-plane 

displacement ww of an elastic element directed in a direction along a z-axis, which is a 

sheet thickness direction of the elastic element being formed in a flat sheet shape that 

extends along an x-axis and a y-axis that are orthogonal to each other, when an external 

force acts on an end surface of the elastic element and the elastic element buckles in the 

direction along the z-axis, the displacement estimation method comprising: 

 a first displacement estimation step of, 

 when the elastic element shows a rectangular shape having a length in a 

direction along the x-axis longer than a length in a direction along the y-axis when 

viewed along the z-axis, and 

 a line that passes through a central position of a length of the elastic element in 

the direction along the y-axis and is along the x-axis is defined as a reference line, 

 estimating the first out-of-plane displacement ww from Formula (41) in a case 

where the first out-of-plane displacement ww is estimated to be symmetrical in the 

direction along the y-axis with respect to the reference line and estimating the first out-

of-plane displacement ww from Formula (42) in a case where the first out-of-plane 

displacement ww is estimated to become asymmetrical in the direction along the y-axis 
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with respect to the reference line, 

 wherein, in Formula (41) and Formula (42), a term including a coefficient bn 

represents, among components of the first out-of-plane displacement ww, an out-of-

plane displacement for which a boundary condition of both ends in the direction along 

the y-axis is a simple support, and a term including a coefficient an represents, among 

components of the first out-of-plane displacement ww, an out-of-plane displacement for 

which a boundary condition of both ends in the direction along the y-axis is a fixed 

support, 

 here, a value of Y in Formula (41) and Formula (42) is a value for which a 

coordinate of the y-axis is made dimensionless using the length of the elastic element in 

the direction along the y-axis, N is a natural number of 2 or more, and a0, an, and bn are 

undetermined coefficients. 

 

 17.  The displacement estimation method according to claim 16, 

 wherein N is 2. 

 18.  A buckling stress estimation method of estimating a buckling stress of an 

H-section steel that buckles due to a compressive force acting as the external force using 

the displacement estimation method according to claim 16, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 
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 the compressive force acts on the end surface of the H-section steel in a 

direction along a u-axis that is the x-axis of the web sheet element, 

 a w-axis is defined as an axis in the direction along the z-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 a central position of the first flange sheet element in the direction along the v-

axis is defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 

 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 in the first displacement estimation step, the first out-of-plane displacement ww 

of the H-section steel is estimated to be symmetrical in the direction along the v-axis 

with respect to the reference line, and 

 the buckling stress estimation method comprises 

 a second displacement estimation step of estimating a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (43) using the first out-of-plane displacement ww estimated in the first 

displacement estimation step and estimating each of second out-of-plane displacements 
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Wf1 and Wf2 directed in the direction along the v-axis in the first flange sheet element 

and the second flange sheet element from each of Formula (44) and Formula (45) using 

the first out-of-plane displacement ww estimated in the first displacement estimation 

step; and 

 a stress calculation step of obtaining the buckling stress of the H-section sheet 

based on an energy method using the second out-of-plane displacement Ww, the second 

out-of-plane displacements Wf1 and Wf2, and Formula (43) to Formula (45), 

 here, N is a natural number of 2 or more. 

 

 19.  The buckling stress estimation method according to claim 18, 

 wherein, in the stress calculation step, the buckling stress σcr is obtained based 

on the an, the bn, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress σcr represented by Formula (50), using 

Formula (46) to Formula (49), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 
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 20.  A buckling stress estimation method of estimating a buckling stress of a 

sheet element that buckles due to a compressive force acting as the external force in the 

direction along the x-axis using the displacement estimation method according to claim 

16, 

 wherein, when the sheet element is the elastic element, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 in the first displacement estimation step, the first out-of-plane displacement ww 

of the sheet element is estimated to be symmetrical in the direction along the y-axis with 

respect to the reference line, and 

 the buckling stress estimation method comprises 

 a second displacement estimation step of estimating a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (51); and 

 a stress calculation step of obtaining the buckling stress of the sheet element 

based on an energy method using Formula (51), 
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 here, N is a natural number of 2 or more, and bw is a length of the sheet 

element in the direction along the y-axis. 

 

 21.  The buckling stress estimation method according to claim 20, 

 wherein, in the stress calculation step, the buckling stress σcr is obtained based 

on the an, the bn, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress σcr represented by Formula (54), using 

Formula (52) and Formula (53), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 

 

 22.  A buckling stress estimation method of estimating a buckling stress of an 

H-section steel that buckles due to a bending moment acting as the external force using 

the displacement estimation method according to claim 16, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the bending moment acts on the end surface of the H-section steel about a w-

axis that is the z-axis of the web sheet element, 
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 a u-axis is defined as an axis in the direction along the x-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 the first flange sheet element is assumed to receive a tensile force due to the 

bending moment, 

 a central position of the first flange sheet element in the direction along the v-

axis is defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 

 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 in the first displacement estimation step, the first out-of-plane displacement ww 

of the H-section steel is estimated to become asymmetrical in the direction along the v-

axis with respect to the reference line, and 

 the buckling stress estimation method comprises 

 a second displacement estimation step of estimating a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (55) using the first out-of-plane displacement ww estimated in the first 

displacement estimation step and estimating each of second out-of-plane displacements 
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Wf1 and Wf2 directed in the direction along the v-axis in the first flange sheet element 

and the second flange sheet element from each of Formula (56) and Formula (57) using 

the first out-of-plane displacement ww estimated in the first displacement estimation 

step; and 

 a stress calculation step of obtaining the buckling stress of the H-section sheet 

based on an energy method using the second out-of-plane displacement Ww, the second 

out-of-plane displacements Wf1 and Wf2, and Formula (55) to Formula (57), 

 here, N is a natural number of 2 or more. 

 

 23.  The buckling stress estimation method according to claim 22, 

 wherein, in the stress calculation step, the buckling stress σcr is obtained based 

on the an, the bn, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress σcr represented by Formula (62), using 

Formula (58) to Formula (61), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 
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 24.  A buckling stress estimation method of estimating a buckling stress of a 

sheet element that buckles due to a bending moment acting as the external force about 

the z-axis using the displacement estimation method according to claim 16, 

 wherein, when the sheet element is the elastic element, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 in the first displacement estimation step, the first out-of-plane displacement ww 

of the sheet element is estimated to become asymmetrical in the direction along the y-

axis with respect to the reference line, and 

 the buckling stress estimation method comprises 

 a second displacement estimation step of estimating a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (63); and 

 a stress calculation step of obtaining the buckling stress of the sheet element 

based on an energy method using Formula (63), 

 here, N is a natural number of 2 or more, and bw is a length of the sheet 



 - 208 - 

element in the direction along the y-axis. 

 

 25.  The buckling stress estimation method according to claim 24, 

 wherein, in the stress calculation step, the buckling stress σcr is obtained based 

on the an, the bn, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress σcr represented by Formula (66), using 

Formula (64) and Formula (65), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 

 

 26.  A buckling stress estimation method of estimating a buckling stress of an 

H-section steel that buckles due to a shear force acting as the external force using the 

displacement estimation method according to claim 16, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the shear force acts on the end surface of the H-section steel in the direction 

along the v-axis, 

 a u-axis is defined as an axis in the direction along the x-axis of the web sheet 
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element, 

 a w-axis is defined as an axis in the direction along the z-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 a central position of the web sheet element in the direction along the v-axis is 

defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 

 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 in the first displacement estimation step, the first out-of-plane displacement ww 

of the H-section steel is estimated to be symmetrical in the direction along the v-axis 

with respect to the reference line, and 

 the buckling stress estimation method comprises 

 a second displacement estimation step of estimating a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (67) using the first out-of-plane displacement ww estimated in the first 

displacement estimation step and estimating each of second out-of-plane displacements 

Wf1 and Wf2 directed in the direction along the v-axis in the first flange sheet element 
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and the second flange sheet element from each of Formula (68) and Formula (69) using 

the first out-of-plane displacement ww estimated in the first displacement estimation 

step; and 

 a stress calculation step of obtaining the buckling stress of the H-section sheet 

based on an energy method using the second out-of-plane displacement Ww, the second 

out-of-plane displacements Wf1 and Wf2, and Formula (67) to Formula (69), 

 here, N is a natural number of 2 or more, and λ is an undetermined coefficient. 

 

 27.  The buckling stress estimation method according to claim 26, 

 wherein, in the stress calculation step, the buckling stress τcr is obtained based 

on the an, the bn, the λ, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress τcr represented by Formula (73), using 

Formula (70) to Formula (72), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 
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 28.  A buckling stress estimation method of estimating a buckling stress of a 

sheet element that buckles due to a shear force acting as the external force in the 

direction along the x-axis or the direction along the y-axis using the displacement 

estimation method according to claim 16, 

 wherein, when the sheet element is the elastic element, 

 an axis that extends in the sheet thickness direction of the sheet element is 

defined as the z-axis, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 in the first displacement estimation step, the first out-of-plane displacement ww 

of the sheet element is estimated to be symmetrical in the direction along the y-axis with 

respect to the reference line, and 

 the buckling stress estimation method comprises 

 a second displacement estimation step of estimating a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (74); and 

 a stress calculation step of obtaining the buckling stress of the sheet element 
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based on an energy method using Formula (74), 

 here, N is a natural number of 2 or more, λ is an undetermined coefficient, and 

bw is a length of the sheet element in the direction along the y-axis. 

 

 29.  The buckling stress estimation method according to claim 28, 

 wherein, in the stress calculation step, the buckling stress τcr is obtained based 

on the undetermined coefficients an, bn, and λ, and the half wavelength a, which are real 

numbers that impart a minimum positive value to the buckling stress τcr represented by 

Formula (77), using Formula (75) and Formula (76), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 

 

 30.  The buckling stress estimation method according to any one of claims 18 

to 29, 

 wherein N is 2. 

 31.  A sheet-shaped body design method of designing a sheet-shaped body 

that is at least one of an H-section steel and a sheet element using the displacement 

estimation method according to claim 16 or 17. 

 32.  A displacement estimation program for an estimation device that 

estimates a first out-of-plane displacement ww of an elastic element directed in a 

direction along a z-axis, which is a sheet thickness direction of the elastic element being 
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formed in a flat sheet shape that extends along an x-axis and a y-axis that are orthogonal 

to each other, when an external force acts on an end surface of the elastic element and 

the elastic element buckles in the direction along the z-axis, 

 wherein, when the elastic element shows a rectangular shape having a length in 

a direction along the x-axis longer than a length in a direction along the y-axis when 

viewed along the z-axis, and 

 a line that passes through a central position of a length of the elastic element in 

the direction along the y-axis and is along the x-axis is defined as a reference line, 

 the displacement estimation program causes the displacement estimation 

device to function as a first displacement estimation portion that estimates the first out-

of-plane displacement ww from Formula (81) in a case where the first out-of-plane 

displacement ww is estimated to be symmetrical in the direction along the y-axis with 

respect to the reference line and estimates the first out-of-plane displacement ww from 

Formula (82) in a case where the first out-of-plane displacement ww is estimated to 

become asymmetrical in the direction along the y-axis with respect to the reference line, 

and 

 in Formula (81) and Formula (82), a term including a coefficient bn represents, 

among components of the first out-of-plane displacement ww, an out-of-plane 

displacement for which a boundary condition of both ends in the direction along the y-

axis is a simple support, and a term including a coefficient an represents, among 

components of the first out-of-plane displacement ww, an out-of-plane displacement for 

which a boundary condition of both ends in the direction along the y-axis is a fixed 

support, 

 here, a value of Y in Formula (81) and Formula (82) is a value for which a 

coordinate of the y-axis is made dimensionless using the length of the elastic element in 



 - 214 - 

the direction along the y-axis, N is a natural number of 2 or more, and a0, an, and bn are 

undetermined coefficients. 

 

 33.  The displacement estimation program according to claim 32, 

 wherein N is 2. 

 34.  A buckling stress estimation program that estimates a buckling stress of 

an H-section steel that buckles due to a compressive force acting as the external force 

using the displacement estimation program according to claim 32, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the compressive force acts on the end surface of the H-section steel in a 

direction along a u-axis that is the x-axis of the web sheet element, 

 a w-axis is defined as an axis in the direction along the z-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 a central position of the first flange sheet element in the direction along the v-

axis is defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 
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sheet element is defined as a positive orientation of the v-axis, 

 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 with the displacement estimation program, the first displacement estimation 

portion is made to estimate that the first out-of-plane displacement ww of the H-section 

steel becomes symmetrical in the direction along the v-axis with respect to the reference 

line, and 

 the buckling stress estimation program causes the estimation device to function 

as a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (83) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion and estimates each of second out-of-plane 

displacements Wf1 and Wf2 directed in the direction along the v-axis in the first flange 

sheet element and the second flange sheet element from each of Formula (84) and 

Formula (85) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion, and 

 as a stress calculation portion that obtains the buckling stress of the H-section 

sheet based on an energy method using the second out-of-plane displacement Ww, the 

second out-of-plane displacements Wf1 and Wf2, and Formula (83) to Formula (85), 

 here, N is a natural number of 2 or more. 
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 35.  The buckling stress estimation program according to claim 34, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (90), using Formula 

(86) to Formula (89), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 

 36.  A buckling stress estimation program that estimates a buckling stress of a 

sheet element that buckles due to a compressive force acting as the external force in the 

direction along the x-axis using the displacement estimation program according to claim 

32, 

 wherein, when the sheet element is the elastic element, and 
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 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 with the displacement estimation program, the first displacement estimation 

portion is made to estimate that the first out-of-plane displacement ww of the sheet 

element becomes symmetrical in the direction along the y-axis with respect to the 

reference line, and 

 the buckling stress estimation program causes the estimation device to function 

as a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (91) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion, and 

 as a stress calculation portion that obtains the buckling stress of the sheet 

element based on an energy method using Formula (91), 

 here, N is a natural number of 2 or more, and bw is a length of the sheet 

element in the direction along the y-axis. 

 

 37.  The buckling stress estimation program according to claim 36, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (94), using Formula 

(92) and Formula (93), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 
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sheet element, and tw is a thickness of the sheet element. 

 

 38.  A buckling stress estimation program that estimates a buckling stress of 

an H-section steel that buckles due to a bending moment acting as the external force 

using the displacement estimation program according to claim 32, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the bending moment acts on the end surface of the H-section steel about a w-

axis that is the z-axis of the web sheet element, 

 a u-axis is defined as the direction along the x-axis of the web sheet element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 the first flange sheet element is assumed to receive a tensile force due to the 

bending moment, 

 a central position of the first flange sheet element in the direction along the v-

axis is defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 
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 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 with the displacement estimation program, the first displacement estimation 

portion is made to estimate that the first out-of-plane displacement ww of the H-section 

steel becomes asymmetrical in the direction along the v-axis with respect to the 

reference line, and 

 the buckling stress estimation program causes the estimation device to function 

as a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (95) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion and estimates each of second out-of-plane 

displacements Wf1 and Wf2 directed in the direction along the v-axis in the first flange 

sheet element and the second flange sheet element from each of Formula (96) and 

Formula (97) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion, and 

 as a stress calculation portion that obtains the buckling stress of the H-section 

sheet based on an energy method using the second out-of-plane displacement Ww, the 

second out-of-plane displacements Wf1 and Wf2, and Formula (95) to Formula (97), 

 here, N is a natural number of 2 or more. 
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 39.  The buckling stress estimation program according to claim 38, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (102), using Formula 

(98) to Formula (101), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 

 40.  A buckling stress estimation program that estimates a buckling stress of a 

sheet element that buckles due to a bending moment acting as the external force about 

the z-axis using the displacement estimation program according to claim 32, 

 wherein, when the sheet element is the elastic element, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 
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displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 with the displacement estimation program, the first displacement estimation 

portion is made to estimate that the first out-of-plane displacement ww of the sheet 

element becomes asymmetrical in the direction along the y-axis with respect to the 

reference line, and 

 the buckling stress estimation program causes the estimation device to function 

as a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (103) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion, and 

 as a stress calculation portion that obtains the buckling stress of the sheet 

element based on an energy method using Formula (103), 

 here, N is a natural number of 2 or more, and bw is a length of the sheet 

element in the direction along the y-axis. 

 

 41.  The buckling stress estimation program according to claim 40, 

 wherein the stress calculation portion obtains the buckling stress σcr based on 

the an, the bn, and the half wavelength a, which are real numbers that impart a minimum 

positive value to the buckling stress σcr represented by Formula (106), using Formula 

(104) and Formula (105), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 
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 42.  A buckling stress estimation program that estimates a buckling stress of 

an H-section steel that buckles due to a shear force acting as the external force using the 

displacement estimation program according to claim 32, 

 wherein, when the H-section steel includes a web sheet element, a first flange 

sheet element, and a second flange sheet element that are the elastic elements, 

 the first flange sheet element and the second flange sheet element are disposed 

so as to sandwich the web sheet element in a direction along a v-axis that is the y-axis 

of the web sheet element, 

 the shear force acts on the end surface of the H-section steel in the direction 

along the v-axis, 

 a u-axis is defined as an axis in the direction along the x-axis of the web sheet 

element, 

 a w-axis is defined as an axis in the direction along the z-axis of the web sheet 

element, 

 the reference line is defined as a line that passes through a central position of a 

length of the web sheet element in the direction along the y-axis and is along the x-axis 

of the web sheet element, 

 a central position of the web sheet element in the direction along the v-axis is 

defined as an origin of the v-axis, 

 an orientation toward the second flange sheet element from the first flange 

sheet element is defined as a positive orientation of the v-axis, 
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 a distance between a center of the first flange sheet element and a center of the 

second flange sheet element in the direction along the v-axis is indicated by bw, and 

 a half wavelength in the direction along the u-axis of the web sheet element 

that is displaced in a positive orientation of the w-axis and a negative orientation of the 

w-axis alternately in a wavy shape toward a first end of the web sheet element in the 

direction along the u-axis is indicated by a, 

 with the displacement estimation program, the first displacement estimation 

portion is made to estimate that the first out-of-plane displacement ww of the H-section 

steel becomes symmetrical in the direction along the v-axis with respect to the reference 

line, and 

 the buckling stress estimation program causes the estimation device to function 

as a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww directed in a direction along the w-axis in the web sheet element from 

Formula (107) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion and estimates each of second out-of-plane 

displacements Wf1 and Wf2 directed in the direction along the v-axis in the first flange 

sheet element and the second flange sheet element from each of Formula (108) and 

Formula (109) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion, and 

 as a stress calculation portion that obtains the buckling stress of the H-section 

sheet based on an energy method using the second out-of-plane displacement Ww, the 

second out-of-plane displacements Wf1 and Wf2, and Formula (107) to Formula (109), 

 here, N is a natural number of 2 or more , and λ is an undetermined coefficient. 
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 43.  The buckling stress estimation program according to claim 42, 

 wherein the stress calculation portion obtains the buckling stress τcr based on 

the an, the bn, the λ, and the half wavelength a, which are real numbers that impart a 

minimum positive value to the buckling stress τcr represented by Formula (113), using 

Formula (110) to Formula (112), 

 here, E is a Young's modulus of the H-section steel, ν is a Poisson's ratio of the 

H-section steel, tw is a thickness of the web sheet element, tf is a thickness of each of the 

first flange sheet element and the second flange sheet element, and bf is a value of half a 

width of each of the first flange sheet element and the second flange sheet element. 

 

 

 44.  A buckling stress estimation program that estimates a buckling stress of a 

sheet element that buckles due to a shear force acting as the external force in the 

direction along the x-axis or the direction along the y-axis using the displacement 

estimation program according to claim 32, 

 wherein, when the sheet element is the elastic element, 
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 an axis that extends in the sheet thickness direction of the sheet element is 

defined as a z-axis, and 

 a half wavelength in the direction along the x-axis of the sheet element that is 

displaced in a positive orientation of the z-axis and a negative orientation of the z-axis 

alternately in a wavy shape toward a first end of the sheet element in the direction along 

the x-axis is indicated by a, 

 with the displacement estimation program, the first displacement estimation 

portion is made to estimate that the first out-of-plane displacement ww of the sheet 

element becomes symmetrical in the direction along the y-axis with respect to the 

reference line, and 

 the buckling stress estimation program causes the estimation device to function 

as a second displacement estimation portion that estimates a second out-of-plane 

displacement Ww of the sheet element directed in the direction along the z-axis from 

Formula (114) using the first out-of-plane displacement ww estimated by the first 

displacement estimation portion, and 

 as a stress calculation portion that obtains the buckling stress of the sheet 

element based on an energy method using Formula (114), 

 here, N is a natural number of 2 or more, λ is an undetermined coefficient, and 

bw is a length of the sheet element in the direction along the y-axis. 

 

 45.  The buckling stress estimation program according to claim 44, 

 wherein the stress calculation portion obtains the buckling stress τcr based on 

the undetermined coefficients an, bn, and λ, and the half wavelength a, which are real 

numbers that impart a minimum positive value to the buckling stress τcr represented by 
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Formula (117), using Formula (115) and Formula (116), 

 here, E is a Young's modulus of the sheet element, ν is a Poisson's ratio of the 

sheet element, and tw is a thickness of the sheet element. 

 

 46.  The buckling stress estimation program according to any one of claims 34 

to 45, 

 wherein N is 2. 

 


