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DESCRIPTION 

 

METHOD OF DESIGNING COLUMN-BEAM JOINT, METHOD OF MANUFACTURING 

COLUMN-BEAM JOINT, AND COLUMN-BEAM JOINT STRUCTURE 

 

Technical Field 

[0001] The present disclosure relates to a method of designing a column-beam joint, a method 

of manufacturing a column-beam joint, and a column-beam joint structure. 

Background Art 

[0002] Japanese Patent Application Laid-Open (JP-A) No. 2016-142062 (Patent Literature 1) 

discloses a column-beam joint structure in which a reinforced concrete column and a steel beam 

are joined.  In the column-beam joint structure described in Patent Literature 1, a recess is 

formed in the reinforced concrete column, an end of the steel beam is inserted into and disposed 

in the formed recess, and concrete is filled in the recess. 

[0003] In the column-beam joint structure described in Patent Literature 1, a degree of fixation 

of the steel beam is adjusted by adjusting an embedded length of the end of the steel beam in 

the concrete filled in the recess.  By adjusting the fixation degree, the end of the steel beam is 

semi-rigidly joined to the reinforced concrete column, and a bending moment acting on a joint 

between the reinforced concrete column and the steel beam and the steel beam is adjusted.  

Furthermore, by adjusting the fixation degree, a deflection at a center of the beam is reduced as 

compared with a case where the end of the steel beam is joined by pin.  That is, rotational 

rigidity of the joint between the reinforced concrete column and the steel beam is adjusted.  

Hereinafter, the joint between the column and the beam is also referred to as a “column-beam 

joint” or simply referred to as a “joint”. 

 

SUMMARY OF INVENTION 

Technical Problem 

[0004] However, Patent Literature 1 does not mention anything about resistance of the 

column-beam joint.  Thus, when the rotational rigidity of the column-beam joint is secured for 

the purpose of adjusting the deflection and the bending moment of the steel beam, the resistance 

may be insufficient, and there is a possibility that Patent Literature 1 cannot be performed. 

[0005] In Patent Literature 1, even when the embedded length of the end of the steel beam in 

the concrete approaches zero, the fixation degree does not approach zero.  Thus, there is a 

possibility that the fixation degree is overestimated or underestimated when Patent Literature 1 

is carried out beyond a range of a ratio of the embedded length to a beam depth in the experiment 
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and analysis described in Patent Literature 1.  For this reason, there is a concern that the 

deflection of each beam is underestimated or the moment acting on the joint is underestimated. 

[0006] The moment acting on the joint is calculated according to a load supported by the beam, 

a span of the beam, bending rigidity of the beam, and the rotational rigidity of the joint.  

However, when the acting moment exceeds moment resistance of the joint, there is a concern 

that the joint is plasticized, the fixation degree decreases below the calculated value, the 

deflection of the beam becomes larger than the calculated value, and the column is also 

damaged.  This means that there is a possibility that a case where performance required in 

design is not satisfied is overlooked when Patent Literature 1 is performed. 

[0007] Although the fixation degree also varies depending on a distance between the joints at 

respective ends of the steel beam, that is, the length of the beam, in Patent Literature 1, an 

influence of the distance between the joints is not considered. 

[0008] In addition, in Patent Literature 1, the fixation degree of the joint is adjusted by 

adjusting the embedded length, however, in actual design, a diameter of the column is 

determined by the required performance of the column, and a maximum length where the beam 

can be embedded is restricted by the diameter of the column.  In particular, when a plurality of 

beams are embedded from two or more directions such that the beam intersects a concrete 

column, the plurality of beams are arranged such that the beams do not overlap each other. 

[0009] It is necessary to secure a filling property of concrete and a predetermined coverage 

thickness.  For this reason, the maximum length where the beam can be embedded in the 

concrete is significantly restricted.  In this case, in order to secure the rotational rigidity and the 

moment resistance of the joint, a length of a portion of the beam to be embedded needs to be 

the maximum length that can be employed in construction, and thus, there is a possibility that 

the embedded length cannot be adjusted. 

[0010] From the above, the joint structure of Patent Literature 1 includes a possibility that 

actual implementation cannot be performed.  In addition, Patent Literature 1 includes room for 

improvement from the viewpoint of accurately evaluating the rotational rigidity of the column-

beam joint and imparting a required moment resistance according to the rotational rigidity of 

the joint. 

[0011] In view of the above fact, an object of the present disclosure is to provide a method of 

designing a column-beam joint, a method of manufacturing a column-beam joint, and a column-

beam joint structure capable of satisfying moment resistance while securing rotational rigidity 

of a joint between a column and a beam. 

Solution to Problem 

[0012] A method of designing a column-beam joint according to the present disclosure 
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includes a concrete column, a steel beam in which at least one end in a longitudinal direction is 

embedded inside concrete of the column in a semi-rigid joint state, and a resistance element 

that is provided in the steel beam and that generates a reaction force against rotation of the steel 

beam, in which rotational resistance per unit rotation angle of a portion of the steel beam inside 

the concrete in the column-beam joint is defined as a rotational rigidity Sj, a required moment 

resistance acting on the column-beam joint from the steel beam is calculated using a load 

supported by the steel beam and the rotational rigidity Sj, and at least one of a distance between 

respective ends of the steel beam or a cross-sectional shape of the steel beam is adjusted such 

that the required moment resistance calculated does not exceed a maximum moment resistance 

that can be resisted by the column-beam joint. 

[0013] Another method of designing a column-beam joint according to the present disclosure 

includes a concrete column, a steel beam in which at least one end in a longitudinal direction is 

embedded inside concrete of the column in a semi-rigid joint state, and a resistance element 

that is provided in the steel beam and that generates a reaction force against rotation of the steel 

beam, in which rotational resistance per unit rotation angle of a portion of the steel beam inside 

the concrete in the column-beam joint is defined as a rotational rigidity Sj, and required moment 

resistance acting on the column-beam joint from the steel beam is calculated using a load 

supported by the steel beam and the rotational rigidity Sj, which is determined by the following 

process A. 

 <Process A> 

 A total number of the resistance elements is denoted by n, i is a given natural number 

from 1 to n, and the resistance elements are denoted as resistance element i, the reaction force 

of the resistance element i is represented by a product of rigidity ki of the resistance element i 

and a deformation amount, a rotation center of the portion of the steel beam inside the concrete 

of the column is denoted by a point at which the reaction force of the resistance element i and 

an external force are balanced, a distance between a line of action of a representative 

displacement of the resistance element i and the rotation center is denoted by xd,i, a distance 

between a center of gravity of the reaction force of the resistance element i and the rotation 

center is denoted by xl,i, and the rotational rigidity Sj is determined based on evaluation of a 

value obtained by the following Formula 1. 

[Expression 1] 

 

[0014] In a method of manufacturing a column-beam joint according to the present disclosure, 
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at least one end in a longitudinal direction of a steel beam is embedded inside concrete of a 

column in a semi-rigid joint state, in a state in which a resistance element designed using the 

above-mentioned method of designing a column-beam joint is provided. 

[0015] A column-beam joint structure according to the present disclosure includes a concrete 

column, a steel beam in which at least one end in a longitudinal direction is embedded inside 

concrete of the column in a semi-rigid joint state, and a resistance element that is provided in 

the steel beam and that generates a reaction force against rotation of the steel beam.  In this 

column-beam joint structure, when rotational resistance per unit rotation angle of a portion of 

the steel beam inside the concrete in the column-beam joint is defined as a rotational rigidity Sj 

and a moment generated by a maximum resistance that can be resisted by the resistance element 

is defined as a maximum moment resistance that can be resisted by the column-beam joint, as 

a required moment resistance acting on the column-beam joint from the steel beam, at least one 

of a distance between respective ends of the steel beam or a cross-sectional shape of the steel 

beam is adjusted such that the required moment resistance calculated using a load supported by 

the steel beam and the rotational rigidity Sj does not exceed the maximum moment resistance. 

[0016] Another column-beam joint structure according to the present disclosure includes a 

concrete column, a steel beam in which at least one end in a longitudinal direction is embedded 

inside concrete of the column in a semi-rigid joint state, and a resistance element that is provided 

in the steel beam and that generates a reaction force against rotation of the steel beam.  In this 

column-beam joint structure, when rotational resistance per unit rotation angle of a portion of 

the steel beam inside the concrete in the column-beam joint is defined as a rotational rigidity Sj, 

as a required moment resistance acting on the column-beam joint from the steel beam, the 

required moment resistance is set using a load supported by the steel beam and the rotational 

rigidity Sj, which is determined by the following process B. 

 <Process B> 

 A total number of the resistance elements is denoted by n, i is a given natural number 

from 1 to n, and the resistance elements are denoted as resistance element i, the reaction force 

of the resistance element i is represented by a product of rigidity ki of the resistance element i 

and a deformation amount, a rotation center of the portion of the steel beam inside the concrete 

of the column is denoted by a point at which the reaction force of the resistance element i and 

an external force are balanced, a distance between a line of action of a representative 

displacement of the resistance element i and the rotation center is denoted by xd,i, a distance 

between a center of gravity of the reaction force of the resistance element i and the rotation 

center is denoted by xl,i, and the rotational rigidity Sj is determined as a value satisfying the 

following Formula 3. 
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[Expression 2] 

Advantageous Effects of Invention 

[0017] According to the present disclosure, it is possible to provide a method of designing a 

column-beam joint, a method of manufacturing a column-beam joint, and a column-beam joint 

structure capable of satisfying moment resistance while securing rotational rigidity of a joint 

between a column and a beam. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0018] Fig. 1 is a side view illustrating a model of a joint between a column and a beam. 

 Fig. 2 is a side view illustrating the model of the joint between the column and the 

beam, and illustrates a section up to an inflection point in a length direction of a steel beam. 

 Fig. 3 is a side view illustrating a model for calculating rotational rigidity of the joint 

between the column and the beam, and illustrates a stress distribution of a reaction force due to 

bearing pressure resistance at an interface between concrete and upper and lower flanges of the 

column in a portion embedded in column concrete of the steel beam. 

 Fig. 4 is a perspective view schematically illustrating the bearing pressure resistance 

at the interface between the concrete and the upper and lower flanges of the column, and 

illustrates a state in which the reaction force due to the bearing pressure resistance has a linear 

stress gradient. 

 Fig. 5 is a perspective view schematically illustrating the bearing pressure resistance 

at the interface between the concrete and the upper and lower flanges of the column, and 

illustrates a state in which the reaction force due to the bearing pressure resistance is uniform 

stress. 

 Fig. 6 is a side view illustrating the model for calculating the rotational rigidity of the 

joint between the column and the beam, and illustrates the reaction force due to the bearing 

pressure resistance at an interface between a face bearing plate and the concrete of the column, 

the reaction force due to pull-out resistance of a stud in the column, and the reaction force due 

to resistance of a reinforcement bar in the slab. 

 Fig. 7 is a perspective view for explaining conical fracture of the concrete of the 

column by pulling out the stud in the column when the stud in the column is installed as an 

additional member in the portion embedded in the column concrete of the steel beam. 
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 Fig. 8A is a side view illustrating a model for calculating resistance of the joint between 

the column and the beam, and a side view schematically illustrating a situation in which a 

maximum reaction force due to the bearing pressure resistance in a vertical direction of the 

interface between the concrete and the upper and lower flanges of the column in the portion 

embedded in the column concrete of the steel beam acts on the steel beam. 

 Fig. 8B is a side view illustrating a model for calculating moment resistance moment 

resistance of the joint between the column and the beam, and a side view for explaining an 

actual stress distribution and conversion into a stress block when the maximum reaction force 

due to the bearing pressure resistance acts on the interface between the concrete and the upper 

and lower flanges of the column in the portion embedded in the column concrete of the steel 

beam. 

 Fig. 9A is an explanatory view for explaining an effective bearing pressure area and a 

maximum bearing pressure distribution area, and illustrates a case where the entire projection 

surface is in the concrete. 

 Fig. 9B is an explanatory view for explaining the effective bearing pressure area and 

the maximum bearing pressure distribution area, and illustrates a case where a portion of the 

projection surface is outside the concrete. 

 Fig. 10A is a side view illustrating the model for calculating the moment resistance 

moment resistance of the joint between the column and the beam, and a side view schematically 

illustrating a situation in which a maximum reaction force due to horizontal resistance of the 

portion embedded in the column concrete of the steel beam and an additional member provided 

at a peripheral edge thereof acts on the steel beam.  The additional members are the face bearing 

plate, the stud in the column, and the reinforcement bar in the slab. 

 Fig. 10B is a side view illustrating the model for calculating the moment resistance of 

the joint between the column and the beam, and a side view for explaining a maximum stress 

distribution of the effective bearing pressure area at the interface between the face bearing plate 

and the concrete of the column, a maximum reaction force due to the pull-out resistance of the 

stud in the column, and a maximum reaction force due to the resistance of the reinforcement 

bar in the slab. 

 Fig. 11 is an explanatory view for explaining the effective bearing pressure area and 

the maximum bearing pressure stress distribution area at the interface between the face bearing 

plate and the concrete of the column. 

 Fig. 12 is a view for explaining a relationship between a moment and a rotation angle 

of the joint, and the rotational rigidity and the moment resistance of the joint. 

 Fig. 13A is a side view illustrating the model for calculating the rotational rigidity of 



 7

the joint between the column and the beam, and a side view illustrating the stress distribution 

of the reaction force due to the bearing pressure resistance at an interface between the portion 

embedded in the column concrete of the steel beam and the column concrete. 

 Fig. 13B is a side view illustrating the model for calculating the resistance of the joint 

between the column and the beam, and a side view illustrating an effective region of the bearing 

pressure resistance stress obtained when the maximum reaction force due to the bearing 

pressure resistance at the interface between the concrete and the upper and lower flanges of the 

column in a portion embedded in the column concrete of a steel beam acts on the steel beam, 

the actual stress distribution, and conversion into the stress block. 

 Fig. 14 is a graph illustrating the relationship between the moment and the rotation 

angle at a column face position of the joint, and illustrates both an experimental result and a 

calculation result according to the present disclosure. 

 Fig. 15 is a graph illustrating comparison between an experimental result of the 

rotational rigidity of the joint against repeatedly acting a load and a calculation result according 

to the present disclosure. 

 Fig. 16 is a view illustrating a calculation result of a fixation degree αrig according to 

the present disclosure. 

 Fig. 17 is a view illustrating a ratio between a generated moment Mj,Ed of the joint 

calculated according to the present disclosure and resistance Mj,Rd of the joint. 

 

DESCRIPTION OF EMBODIMENTS 

[0019] A column-beam joint structure according to an embodiment of the present disclosure 

will be described with reference to Figs. 1 and 2.  In the following description of the drawings, 

the same or similar components are denoted by the same or similar reference numerals.  

However, a relation between a thickness and a plane size in the drawings, a ratio of thickness 

of each device and each member, etc. differ from actual ones.  Accordingly, specific thicknesses 

and dimensions should be determined by taking the following description into consideration.  

A relationship or a ratio of mutual dimensions may differ among the drawings. 

[0020] As illustrated in Figs. 1 and 2, the column-beam joint structure of the present 

embodiment is applied to a joint 14 between a column 10 and a beam 12.  A vertical direction 

of a building is indicated by an arrow Z direction, and one side in a direction in which the beam 

12 extends and one direction in a horizontal direction of the building are indicated by an arrow 

X direction.  The arrow Z direction is a vertical direction in Fig. 1, and the arrow X direction is 

a horizontal direction in Fig. 1. 

[0021] In the following description of the directions X, Y and Z, signs “positive (+)” and 
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“negative (-)” are reversed between one direction and the other direction extending opposite to 

each other.  For example, in the vertical direction in Fig. 1, when the vertical direction is simply 

explained as a whole without distinguishing a +Z direction on an upper side and a -Z direction 

on a lower side, description will be made without adding the signs “positive (+)” and “negative 

(-)” like the “Z direction”. 

[0022] The column 10 is formed in a substantially rectangular shape in a cross-sectional view 

taken along the horizontal direction (plane parallel to XY plane) of the building.  The column 

10 is realized as a column made of steel reinforced concrete (SRC) by arranging a reinforcement 

bar 16 (see Fig. 2) and a steel frame 18 inside concrete 32.  The present disclosure can also be 

applied to a joint between a column made of reinforced concrete (RC) and a steel beam. 

[0023] In the present embodiment, H-shaped steel is used as the steel frame 18.  The H-shaped 

steel is formed to have an H-shaped cross section in a cross-sectional view taken along the 

horizontal direction of the building.  Furthermore, in the present embodiment, as illustrated in 

Fig. 2, a plurality of the reinforcement bars 16 extending in the vertical direction of the building 

are provided as main reinforcements 16A.  The reinforcement bar 16 surrounding the plurality 

of main reinforcements 16A are provided as hoops 16B over a plurality of stages in the vertical 

direction of the building, above, below and on the side of the beam 12. 

[0024] In the present embodiment, the four beams 12 are joined to the column 10 at the same 

position in the vertical direction of the building.  For example, the four beams 12 are arranged 

around the column 10 at intervals of 90° from each other when viewed from the upper side of 

the building.  Since the four beams 12 have the same configuration, one of the four beams 12 

will be exemplarily described in the following description. 

[0025] The beam 12 is a composite beam including a steel beam 20 and a slab 22 of reinforced 

concrete.  The steel beam 20 is formed to have an H-shaped cross section in a cross-sectional 

view taken along the vertical direction.  The vertical direction is a direction orthogonal to a 

longitudinal direction of the beam 12.  That is, the steel beam 20 is cut along a plane parallel to 

a YZ plane.  The slab 22 extends horizontally above the steel beam 20 and is integrated with 

the steel beam 20.  The horizontal direction is parallel to the XY plane.  The present disclosure 

can also be applied to a beam (that is, steel beam) that is not integrated with the slab 22. 

[0026] As illustrated in Figs. 1 and 2, the steel beam 20 includes a rectangular plate-like upper 

flange 20A whose thickness direction is the vertical direction (that is, Z direction) of the 

building, and a lower flange 20B expanding in parallel with the upper flange 20A below the 

upper flange 20A.  The steel beam 20 includes a web 20C.  The web 20C connects a central 

portion in a width direction of the upper flange 20A and a central portion in a width direction 

of the lower flange 20B to each other in the vertical direction of the building.  The width 
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direction in the upper flange 20A and the lower flange 20B is one direction in the horizontal 

direction of the building and is the Y direction orthogonal to the X direction.  The web 20C is 

formed in a rectangular plate shape with the Y direction as the thickness direction. 

[0027] A beam end 24 which is an end of the steel beam 20 in the longitudinal direction is 

joined to the steel frame 18 of the column 10 via a fastening member such as a bolt 34 and a fin 

plate 36.  The “beam end 24” means a portion of the steel beam 20 embedded in the concrete 

32 of the column 10.  In the steel beam 20, the beam end 24 of the steel beam 20 is embedded 

in the concrete 32 of the column 10.  In the present embodiment, the steel beam 20 is joined to 

the column 10 in a semi-rigid joint state. 

[0028] The steel beam 20 includes an upper flange end 20Aa, a lower flange end 20Ba, and a 

web end 20Ca at the beam end 24.  The upper flange end 20Aa refers to a region of the upper 

flange 20A embedded in the concrete 32 of the column 10.  The lower flange end 20Ba refers 

to a region of the lower flange 20B embedded in the concrete 32 of the column 10.  The web 

end 20Ca refers to a region of the web 20C embedded in the concrete 32 of the column 10. 

[0029] The upper flange end 20Aa is in contact with the concrete 32 of the column 10 on each 

of an outer surface 24A of the upper flange 20A located on the +Z direction side in Fig. 1 and 

an inner surface 24B of the upper flange 20A located on the -Z direction side in Fig. 1. 

[0030] The lower flange end 20Ba is in contact with the concrete 32 of the column 10 on each 

of an inner surface 24C of the lower flange 20B located on the +Z direction side in Fig. 1 and 

an outer surface 24D of the lower flange 20B located on the -Z direction side in Fig. 1. 

[0031] As illustrated in Fig. 7, the web end 20Ca is in contact with the concrete 32 of the 

column 10 on each of a web surface on the +Y direction side and a web surface on the -Y 

direction side. 

[0032] The steel beam 20 of the present embodiment includes a plurality of studs 26 fixed to 

the upper flange 20A constituting the upper portion of the steel beam 20.  The plurality of studs 

26 protrude from the upper flange 20A toward the upper side of the building, and are arranged 

at intervals along the longitudinal direction of the steel beam 20.  In Fig. 1, only two studs 26A 

at the beam end 24 are exemplarily illustrated.  The stud 26A at the beam end 24 is an additional 

member that acts as a “resistance element” against rotation when the beam end 24 rotates about 

a rotation center 24E to be described later. 

[0033] In the present embodiment, a joint reinforcement bar 28 is provided along the 

longitudinal direction of the steel beam 20 and an upper end of the stud 26 so as to penetrate 

the column 10 in the X direction for a portion included in a diameter of the column 10 on a Y 

axis.  Among the joint reinforcement bar 28 and the stud 26 arranged, a part of the joint 

reinforcement bar 28 other than a portion located at the beam end 24 and the stud 26B are 
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embedded inside the slab 22.  The stud 26B in the slab 22 connects the steel beam 20 and the 

slab 22.  The joint reinforcement bar 28 is an additional member that acts as a “resistance 

element” against rotation when the beam end 24 rotates about the rotation center 24E. 

[0034] In addition, the steel beam 20 includes a face bearing plate 30 formed in a rectangular 

plate shape whose thickness direction is the longitudinal direction of the steel beam 20.  In the 

present embodiment, the two face bearing plates 30 are fixed respectively to the +Y direction 

side and the -Y direction side with the web 20C interposed therebetween at the same position 

in the longitudinal direction of the steel beam 20. 

[0035] A dimension measured along the +Y direction of the face bearing plate 30 is set to a 

dimension within a range in which the face bearing plate 30 does not protrude from a region 

surrounded by the upper flange 20A, the lower flange 20B, and the web 20C to the +Y direction 

side or the -Y direction side.  In a state where the steel beam 20 is embedded in the concrete 32 

of the column 10, a surface of the face bearing plate 30 on a side opposite to an axial center 

side of the column 10 in the X direction is substantially flush with the outer surface of the 

column 10.  The axial center side of the column 10 is the right side in Fig. 1, and the side 

opposite to the axial center side of the column 10 is a surface on an outer side of the column 10. 

[0036] On the other hand, an inner surface 30A of the face bearing plate 30 located on the 

axial center side of the column 10 is in contact with the concrete 32 of the column 10. 

[0037] As illustrated in Fig. 1, when a vertical load in the -Z direction acts on the steel beam 

20, the steel beam 20 is rotated counterclockwise by φj in Fig. 1 about the rotation center 24E 

of the beam end 24 in an XZ plane, and the steel beam 20 displaced to a position of a steel beam 

20a indicated by a broken line in Fig. 1. 

[0038] Here, a first shaft 24F that passes through the rotation center 24E and is parallel to the 

Z direction and a second shaft 24G that passes through the rotation center 24E and is parallel 

to the X direction are set.  When the beam end 24 rotates about the rotation center 24E, a portion 

of the inner surface 30A of the face bearing plate 30 in the -Z direction across the second shaft 

24G is defined as a first inner surface 30Aa of the face bearing plate. 

[0039] When the steel beam 20 rotates toward the position of the steel beam 20a, a reaction 

force due to bearing pressure acts from the concrete 32 of the column 10, so that the first inner 

surface 30Aa of the face bearing plate 30 generates rotational resistance against the rotation of 

the beam end 24.  That is, the first inner surface 30Aa of the face bearing plate 30 is an additional 

member that acts as a “resistance element” against rotation when the beam end 24 disposed 

inside the concrete 32 of the column 10 in the steel beam 20 rotates about the rotation center 

24E. 

[0040] When the vertical load in the -Z direction acts on the steel beam 20 and the steel beam 
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20a rotates about the rotation center 24E, the reaction force due to the bearing pressure acts 

from the concrete 32 of the column 10.  For this reason, rotational resistance against rotation of 

the beam end 24 is generated on the outer surface 24A and the inner surface 24B of the upper 

flange 20A at the upper flange end 20Aa.  The rotational resistance against the rotation of the 

beam end 24 is also generated on the inner surface 24C and the outer surface 24D of the lower 

flange 20B at the lower flange end 20Ba. 

[0041] That is, the outer surface 24A of the upper flange end 20Aa serves as a “resistance 

element”, which resists the rotation of the beam end 24, while serving as an upper flange end 

outer surface resistance element 24Aa.  The inner surface 24B of the upper flange end 20Aa 

serves as a “resistance element”, which resists the rotation of the beam end 24, while serving 

as an upper flange end inner surface resistance element 24Ba. 

[0042] The inner surface 24C of the lower flange end 20Ba serves as a “resistance element”, 

which resists the rotation of the beam end 24, while serving as a lower flange end inner surface 

resistance element 24Ca.  The outer surface 24D of the lower flange end 20Ba serves as a 

“resistance element”, which resists the rotation of the beam end 24, while serving as a lower 

flange end outer surface resistance element 24Da. 

[0043] More specifically, a portion of the outer surface 24A of the upper flange end 20Aa on 

the +X direction side with respect to the first shaft 24F is set as the upper flange end outer 

surface resistance element 24Aa.  A portion of the inner surface 24B of the upper flange end 

20Aa on the -X direction side with respect to the first shaft 24F is set as the upper flange end 

inner surface resistance element 24Ba. 

[0044] A portion of the inner surface 24C of the lower flange end 20Ba on the +X direction 

side with respect to the first shaft 24F is set as the lower flange end inner surface resistance 

element 24Ca.  A portion of the outer surface 24D of the lower flange end 20Ba on the -X 

direction side with respect to the first shaft 24F is set as the lower flange end outer surface 

resistance element 24Da. 

[0045] The upper flange end outer surface resistance element 24Aa, the upper flange end inner 

surface resistance element 24Ba, the lower flange end inner surface resistance element 24Ca, 

and the lower flange end outer surface resistance element 24Da are four “resistance elements” 

that generate the reaction force against rotation when the beam end 24 disposed inside the 

concrete 32 of the column 10 in the steel beam 20 rotates about the rotation center 24E. 

[0046] In addition, in the present embodiment, when the steel beam 20 rotates to the position 

of the steel beam 20a, the stud 26A, which is one of the additional members, is displaced in the 

-X direction on the left side in Fig. 1, and receives the reaction force from the concrete 32 of 

the column 10 according to the displacement amount.  That is, the stud 26A is a “resistance 
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element” that generates the reaction force against rotation when the beam end 24 disposed 

inside the concrete 32 of the column 10 in the steel beam 20 rotates about the rotation center 

24E. 

[0047] In the present embodiment, when the steel beam 20 rotates to the position of the steel 

beam 20a, the first inner surface 30Aa of the face bearing plate 30, which is one of the additional 

members, is displaced to the +X direction side that is the right side in Fig. 1.  The displaced 

first inner surface 30Aa receives the reaction force from the concrete 32 of the column 10 and 

the facing joint 14 on the +X direction side across the column 10 according to the displacement 

amount.  That is, the first inner surface 30Aa of the face bearing plate 30 is a “resistance element” 

that generates the reaction force against rotation when the beam end 24 disposed inside the 

concrete 32 of the column 10 in the steel beam 20 rotates about the rotation center 24E. 

[0048] In addition, in the present embodiment, when the steel beam 20 rotates to the position 

of the steel beam 20a, the joint reinforcement bar 28, which is one of the additional members, 

is stretched and displaced in the -X direction on the left side in Fig. 1.  The displaced joint 

reinforcement bar 28 receives the reaction force (in other words, tensile force) from the concrete 

32 of the column 10 and the joint reinforcement bar 28 of the joint 14 on the opposite side 

existing in the +X direction according to the displacement amount.  That is, the joint 

reinforcement bar 28 is a “resistance element” that generates the reaction force against rotation 

when the beam end 24 disposed inside the concrete 32 of the column 10 in the steel beam 20 

rotates about the rotation center 24E. 

[0049] As described above, in the present embodiment, the seven “resistance elements” 

including the upper flange end outer surface resistance element 24Aa, the upper flange end 

inner surface resistance element 24Ba, the lower flange end inner surface resistance element 

24Ca, the lower flange end outer surface resistance element 24Da, the stud 26A, the first inner 

surface 30Aa of the face bearing plate 30, and the joint reinforcement bar 28 are set.  Thus, in 

the present embodiment, a total number “n” of the resistance elements is n = 7. 

[0050] Here, “i” is defined as a natural number of from 1 to n.  In the present embodiment, a 

resistance element 1 (i = 1) is the upper flange end outer surface resistance element 24Aa.  A 

resistance element 2 (i = 2) is the upper flange end inner surface resistance element 24Ba.  A 

resistance element 3 (i = 3) is the lower flange end inner surface resistance element 24Ca.  A 

resistance element 4 (i = 4) is the lower flange end outer surface resistance element 24Da.  A 

resistance element 5 (i = 5) is the stud 26A.  A resistance element 6 (i = 6) is the first inner 

surface 30Aa of the face bearing plate.  A resistance element 7 (i = 7) is the joint reinforcement 

bar 28.  These resistance elements are collectively referred to as “resistance element i”. 

[0051] In the present embodiment, the reaction force of the resistance element i is defined as 
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a product of rigidity ki of the resistance element i and a deformation amount.  An elastic rotation 

center 24Ea of the beam end 24 disposed inside the concrete 32 of the column 10 can be 

obtained as a point at which a sum, obtained by accumulating the reaction force of the resistance 

element i for i = 1 to 7 in consideration of its direction of action, and a shearing force (that is, 

external force) acting on the joint by the vertical load in the -Z direction supported by the steel 

beam 20 are balanced. 

[0052] When an axial force in the X direction as the external force acts on the beam, the elastic 

rotation center 24Ea can be obtained such that the axial force and a sum of X-direction 

components of the reaction force of the resistance element i satisfy a balance of forces.  The 

“elastic rotation center 24Ea” means the rotation center 24E in a state where a balance between 

the reaction force of the resistance element i and the external force is established. 

[0053] In the present embodiment, the elastic rotation center 24Ea is set as a point at which 

the following two types of balance are simultaneously realized. 

[0054] Specifically, first, at the elastic rotation center 24Ea, with respect to the upper flange 

end outer surface resistance element 24Aa, the upper flange end inner surface resistance 

element 24Ba, the lower flange end inner surface resistance element 24Ca, and the lower flange 

end outer surface resistance element 24Da, a sum of the reaction force in the Z direction due to 

the bearing pressure acting from the concrete 32 of the column 10 is balanced with the shearing 

force acting on the joint due to the vertical load in the -Z direction acting on the steel beam 20.  

The vertical load is an external force. 

[0055] At the same time, at the elastic rotation center 24Ea, a sum of the reaction force in the 

X direction due to the bearing pressure acting from the concrete 32 of the column 10 with 

respect to the stud 26A and the reaction force of the joint reinforcement bar 28 is balanced with 

the reaction force in the X direction due to the bearing pressure acting from the concrete 32 of 

the column 10 with respect to the first inner surface 30Aa of the face bearing plate 30. 

[0056] A distance between a point of action of a representative displacement of the resistance 

element i and the elastic rotation center 24Ea is set to “xd,i”.  Although the distance xd,i is not 

illustrated in Figs. 1 to 17, a specific setting will be described in detail in Fig. 6 and Formula 

2.31 that will appear later. 

[0057] The “representative displacement” will be described later.  As the “point of action of 

the representative displacement”, although not illustrated, it is possible to adopt central points 

in the X direction of each of the upper flange end outer surface resistance element 24Aa, the 

upper flange end inner surface resistance element 24Ba, the lower flange end inner surface 

resistance element 24Ca, and the lower flange end outer surface resistance element 24Da. 

[0058] For example, when the entire length of the upper flange end outer surface resistance 
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element 24Aa illustrated in Fig. 1 in the X direction is 200 mm, a central point 100 mm away 

from respective ends in the X direction can be adopted as the “point of action of the 

representative displacement” of the upper flange end outer surface resistance element 24Aa. 

[0059] A distance between a center of gravity of the reaction force of the resistance element i 

and the elastic rotation center 24Ea is set to “xl,i”.  In the present embodiment, the rotational 

rigidity of the joint 14 is calculated by the following Formula 1. 

[Expression 3] 

 
[0060] Here, the “center of gravity of the reaction force” in the setting of the distance xl,i refers 

to a line of action of a virtual concentrated load p that gives a moment equivalent to a moment 

acting on the rotation center by a distributed load w acting on a region s having a certain 

constant length or a constant area.  However, for the virtual concentrated load p, a distance from 

the rotation center to the line of action is set assuming that the value is the same as the value 

obtained by integrating the distributed load w by the region s.  For example, in the joint 

reinforcement bar 28 as the resistance element i, an intersection line with a plane at a position 

shifted by dr in the -Z direction from an upper surface of the slab 22 in a plane parallel to the 

XY plane in the XZ plane illustrated in Fig. 1 can be set as the center of gravity of the reaction 

force.  Formula 1 allows characteristics of each resistance element and the rotational rigidity of 

the joint to be uniquely associated with each other for joints having a plurality of resistance 

elements and any details.  The distance xl,i will be specifically described later with reference to 

Fig. 1 and Formula 1.21. 

[0061] According to the above procedure, the rotational rigidity Sj of the joint can be obtained 

from the characteristics of each resistance element of the joint.  A bending moment acting on 

the joint is uniquely determined from the obtained rotational rigidity of the joint, bending 

rigidity of the beam, span of the beam, and a load supported by the beam.  The bending moment 

acting on the joint is defined as required moment resistance Mj,Ed of the joint.  In order to prevent 

the joint from being damaged, it is necessary to prevent the required moment resistance Mj,Ed 

from exceeding a maximum moment resistance Mj,Rd possessed by the joint to be described 

later.  Here, the rotational rigidity Sj of the joint can be adjusted by adjusting a cross-sectional 

shape of the beam and each resistance element of the joint, and the required moment resistance 

Mj,Ed of the joint can be adjusted by adjusting the rotational rigidity Sj of the joint and the span 

of the beam. 
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[0062] In addition, in the present embodiment, the reaction force of the resistance element i is 

regarded as a maximum reaction force Fi,Rd that can be borne by the resistance element i.  The 

moment resistance of the joint 14 is expressed as “Mj,Rd”.  An arbitrary rotation center 24E is 

assumed, and a distance between the assumed rotation center 24E and the point of action of the 

reaction force is set to “xu,i”.  “Mj,Rd” is calculated using the following Formula 2 such that the 

X coordinate and the Y coordinate which are the positions of the rotation center 24E are two 

variables. 

[0063] The moment resistance of the joint 14 is established to be the same as a minimum value 

of the maximum moment resistance Mj,Rd calculated by the following Formula 2.  In the 

calculation of Formula 2, the X coordinate and the Y coordinate of the rotation center 24E are 

used as two variables, so that one or more values of the resistance Mj,Rd are calculated.  Finally, 

the minimum value is selected from the calculated values of the maximum moment resistance 

Mj,Rd.  Thus, in the calculation, the rotation center 24E can be arbitrarily assumed as described 

above. 

[Expression 4] 

 

[0064] Formula 2 allows maximum resistance of each resistance element and the maximum 

moment resistance of the joint to be uniquely associated with each other for joints having a 

plurality of resistance elements and any details. 

[0065] The rotation center 24E at a position where the value of the maximum moment 

resistance Mj,Rd is minimized in Formula 2 is defined as a “final rotation center 24Eb”.  That is, 

in the process of calculation of Formula 2, the rotation center 24E shifts from the state of the 

“elastic rotation center 24Ea” to the state of the “final rotation center 24Eb”.  At the “final 

rotation center 24Eb”, the balance between the reaction force of the resistance element i and 

the external force is not necessarily established. 

[0066] As in the joint 14 between the column 10 and the beam 12 described above, when the 

steel beam 20 is joined to the column 10 in the semi-rigid joint state, and the additional member 

including the resistance element, a cross-sectional dimension of the beam 12, and a length of 

the beam 12 are suitably set, suitable rotational rigidity and resistance can be imparted to the 

beam end 24.  Next, a method of designing a column-beam joint will be described.  The column-

beam joint is the joint 14 between the column 10 and the beam 12. 

[0067] (Method of evaluating rotational rigidity of joint 14) 
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 First, a method of quantitatively evaluating the rotational rigidity of the joint 14 will 

be described.  A dimension of each portion of the steel beam 20, the additional member, and the 

like can be designed based on the evaluation of the rotational rigidity of the joint 14.  The 

rotational rigidity of the joint 14 can be determined to a desired value by forming the joint 14 

using the dimension of each portion of the steel beam 20, the additional member, and the like, 

which are designed. 

[0068] Here, when the rotational rigidity Sj (Nmm/rad) of the joint 14 is defined as the 

rotational resistance (Nmm) per unit rotation angle (rad) of the beam end 24 in the joint 14, the 

rotational rigidity Sj is expressed by the following Formula 1.1.  In Formula 1.1, “Mj” is the 

rotational resistance (Nmm) of the beam end 24.  “φj” in Formula 1.1 is the rotation angle (rad) 

of the beam end 24. 

[Expression 5] 

 

[0069] As illustrated in Fig. 1, assuming that a deformation state of the joint 14 includes rigid 

rotation of the beam end 24 of the steel beam 20 and deformation of each resistance element 

that constrains (that is, resists) the rotation of the steel beam 20, a deformation amount δi (mm) 

of the resistance element i is expressed by the following Formula 1.2. 

[Expression 6] 

 

[0070] “xd,i” in Formula 1.2 is a distance (mm) from the line of action of the representative 

displacement of the resistance element i to the elastic rotation center of the beam end 24, that 

is, a distance between the line of action of the representative displacement of the resistance 

element i and the elastic rotation center of a portion of the steel beam disposed inside the 

concrete of the column.  Here, the representative displacement represents the displacement at 

the point of action of the reaction force when the reaction force of the resistance element acts 

on one point.  In a case where the reaction force of the resistance element is distributed and acts 

as stress in a linear shape or a planar shape, the representative displacement represents a virtual 

displacement at the center of action of a uniform stress distribution when the uniform stress 

distribution equivalent to a value obtained by line integral or surface integral of each distributed 

reaction force is assumed. 
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[0071] Reaction force Fi of the resistance element i can be calculated by the product of the 

deformation amount δi and the rigidity ki (N/mm) of the resistance element i, and is expressed 

by the following Formula 1.3. 

[Expression 7] 

 

[0072] A sum of products of the reaction force Fi in all the resistance elements and the distance 

xl,i (mm) from the center of gravity of the reaction force of the resistance element i to be 

described later to the elastic rotation center of the beam end 24 is obtained as rotational 

resistance Mj (Nmm) of the joint and is expressed by the following Formula 1.4.  The distance 

xl,i is a distance between the center of gravity of the reaction force of the resistance element i 

and the elastic rotation center of the portion of the steel beam disposed inside the concrete of 

the column. 

[Expression 8] 

 

[0073] The following Formula 1.5 is obtained by substituting Formulas 1.2 and 1.3 into 

Formula 1.4. 

[Expression 9] 

 

[0074] The following Formula 1.6 (that is, Formula 1) holds from a relationship between 

Formula 1.5 and Formula 1.1. 

[Expression 10] 

 

[0075] In order to obtain the rotational rigidity of the joint 14 by the above method, it is 

necessary to specify a position of the elastic rotation center of the rigid rotation of the beam end 

24 of the steel beam 20 in the model.  Since an object is an elastic behavior, it is assumed that, 

for an arbitrary rotation angle, each resistance element of the joint 14 undergoes reversible 
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deformation having a linear load-deformation relationship.  Then, the elastic rotation center can 

be obtained from a balance condition between a sum of internal force Fi of the joint 14 and the 

external force.  As the external force, at least one of beam axial force N (N) or beam shearing 

force V (N) can be applied. 

[0076] The resistance element in the joint 14 is an element that generates the reaction force 

against the rotation of the beam end 24 of the steel beam 20.  Specifically, as described above, 

as the resistance element, the tensile resistance of the joint reinforcement bar 28 disposed in the 

slab 22 or the concrete 32 of the column 10, pull-out resistance of the stud 26 in the joint 14 (in 

the column), bearing pressure resistance stress between the upper and lower surfaces of the 

upper flange 20A and the lower flange 20B of the steel beam 20 and the concrete 32 of the 

column 10, and the bearing pressure resistance stress between the face bearing plate 30 and the 

concrete 32 of the column 10 can be set. 

[0077] In addition, sliding resistance due to friction of a bolt joint connecting the web 20C of 

the steel beam 20 and the fin plate 36 of the column 10, shearing deformation resistance of the 

bolt 34 due to bearing pressure, local deformation resistance of a bolt hole through which the 

bolt 34 is inserted, shearing resistance of the fin plate 36, and the like can also be set.  In the 

present embodiment, an elastic load deformation relationship (elastic rigidity) is assumed for 

each resistance element. 

[0078] In the present embodiment, among the above, the tensile resistance of each of the joint 

reinforcement bars 28 arranged in the slab 22 and the concrete 32 of the column 10, the pull-

out resistance of the stud 26 in the joint 14 (in the column), the bearing pressure resistance 

between the upper and lower surfaces of the upper flange 20A of the steel beam 20 and the 

concrete 32 of the column 10, the bearing pressure resistance between the upper and lower 

surfaces of the lower flange 20B and the concrete 32 of the column 10, and the bearing pressure 

resistance between the face bearing plate 30 and the concrete 32 of the column 10 are set as 

main resistance elements.  Hereinafter, the elastic rigidity of each resistance element will be 

described. 

[0079] (Elastic rigidity of joint reinforcement bar 28) 

 The elastic rigidity with respect to the tensile resistance of the joint reinforcement bar 

28 disposed in the slab 22 or the concrete 32, that is, the elastic rigidity kr (N/mm) of the joint 

reinforcement bar 28 can be expressed by the following Formula 1.7 using the elongation ur 

(mm), tensile force Tr (N), and kslip, which will be described later, of the joint reinforcement bar 

28.  In Fig. 1, the elongation ur of the joint reinforcement bar 28 is illustrated. 

[Expression 11] 
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[0080] When a total cross-sectional area of the joint reinforcement bar 28 within an effective 

width of the slab 22 is set to ar (mm2), a Young's modulus of the joint reinforcement bar 28 is 

set to Er, a stress degree of the reinforcement bar corresponding to the elongation ur is set to σr 

(N/mm2), and strain is set to εr, the following Formulas 1.8 and 1.9 are further satisfied. 

[Expression 12] 

 

[Expression 13] 

 

[0081] Here, within the effective width of the joint reinforcement bar 28, the strain εr and the 

elongation ur are assumed to be constant regardless of the position in the width direction.  Thus, 

an effective length hr of the joint reinforcement bar 28 is similarly defined to be constant 

regardless of the position in the width direction of the slab 22.  By this definition, the elongation 

ur and the strain εr are related by the following Formula 1.10. 

[Expression 14] 

 

[0082] In Formula 1.10, it is assumed that the strain of the joint reinforcement bar 28 is 

uniform in a range of the effective length hr around a core of the column 10.  “α” in Formula 

1.10 is a correction coefficient of a joint length according to the moments on both sides. 

[0083] The value of the correction coefficient α is set based on “Appendix A.2” of the known 

document 1 “EN1994-1-1: 2004 Eurocode 4: Design of composite steel and concrete structures 

Part 1-1: General rules and rules for buildings”.  For example, when symmetrical negative 

bending moments (Mj,Ed1 = Mj,Ed2) act on both sides, the value of the correction coefficient α is 

0.5.  When the moment on one side is 0 (Mj,Ed1 > Mj,Ed2 = 0), the value of the correction 

coefficient α is 3.6.  0.5 is adopted as a lower limit value of the correction coefficient α, and 3.6 

is adopted as an upper limit value of the correction coefficient α.  Then, calculation is performed 
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by the following Formulas 1.11 to 1.15 according to a ratio of the moments on both sides (Mj,Ed1 

> Mj,Ed2). 

[0084] (i) Correction coefficient α for Mj,Ed1 

[Expression 15] 

 

[Expression 16] 

 

[Expression 17] 

 

[0085] (ii) Correction coefficient α for Mj,Ed2 

[Expression 18] 

 

[Expression 19] 

 Here, in the moment, a negative bending direction (that is, direction in which the beam 

has an upward convex) is positive. 

[0086] As illustrated in Fig. 2, in a history of the strain of the joint reinforcement bar 28, 

among the studs 26 connecting the steel beams 20 on both sides sandwiching the joint 14 and 

the slab 22, a distance between the studs 26 closest to the column 10 is set to be equal to the 

effective length hr.  Since substantially symmetrical negative bending moments act on the both 

sides sandwiching the joint 14, the correction coefficient α is set to 0.5.  As a result, it has been 

confirmed that a strain εr,calc of the joint reinforcement bar 28 calculated under Navier 

Hypothesis and the strain in an experiment in a range in which a relationship between the 

moment and the rotation angle the joint 14 exhibits elastic behavior substantially coincide with 
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each other.  Based on this result, the effective length hr can be set as the distance between the 

studs 26 closest to the column among the studs 26 connecting the steel beam 20 and the slab 

22. 

[0087] From the above, the elastic rigidity kr can be calculated by the following Formula 1.16 

by substituting Formulas 1.8 to 1.10 into Formula 1.7. 

[Expression 20] 

 

[0088] “kslip” in Formula 1.16 is a reduction coefficient (0 ≤ kslip ≤ 1) of the rigidity of the 

joint reinforcement bar 28 in consideration of the deformation of the stud 26, and the larger a 

relative deviation between the slab 22 and the steel beam 20 due to the deformation of the stud 

26, the smaller the value.  The reduction coefficient kslip can be calculated by the following 

Formulas 1.17 to 1.20 based on “Appendix A.2” of the known document 1 “EN1994-1-1: 2004 

Eurocode 4: Design of composite steel and concrete structures Part 1-1: General rules and rules 

for buildings”. 

[Expression 21] 

 

[Expression 22] 

 

[Expression 23] 
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[Expression 24] 

 

[0089] Here, in Formulas 1.17 to 1.20, “lh” is a length of a section (negative bending section) 

from the joint 14 to an inflection point in the length direction of the steel beam 20.  “N” is the 

number of studs 26 (shear connectors) included in the concrete 32a of the slab 22 in lh.  “ksc” is 

the shearing rigidity (N/mm) per stud 26. 

[0090] “hs” is a distance (mm) from the center of action of compressive force (compression 

force due to the bearing pressure between the face bearing plate 30 and the concrete 32 of the 

column 10 to be described later) balanced with the tensile force of the reinforcement bar to the 

joint reinforcement bar 28.  “ds” is a distance (mm) from the joint reinforcement bar 28 to the 

center of gravity of a cross section of the steel beam 20.  “Ia” is a cross-sectional secondary 

moment (mm4) of the steel beam 20.  “Ea” is the Young's modulus (N/mm2) of the steel beam 

20. 

[0091] The distance xd,i used to calculate the displacement of the joint reinforcement bar 28, 

that is, the distance between the line of action of the representative displacement of the 

resistance element i and the elastic rotation center of the portion of the steel beam disposed 

inside the concrete of the column is expressed by the following Formula 1.21.  An arm length 

used to calculate the moment resistance due to the reaction force, that is, the distance xl,i 

between the center of gravity of the reaction force of the resistance element i and the elastic 

rotation center of the portion of the steel beam disposed inside the concrete of the column is 

similarly expressed by the following Formula 1.21. 

[Expression 25] 

 

[0092] Here, as illustrated in Fig. 1, “xn” in Formula 1.21 is a component (mm) parallel to a 

vertical axis (Z axis) in a distance between the elastic rotation center of the joint 14 and the 

surface of the slab 22 (that is, the upper surface of the slab 22 in Fig. 1).  “dr” in Formula 1.21 

is a component (mm) parallel to the vertical axis (Z axis) in a distance from the center (in the 

case of a multilayer reinforcing member, the centers of gravity thereof) of a cross section of the 

joint reinforcement bar 28 to the surface of the slab 22.  As can be seen from Formula 1.21, in 

the present embodiment, the distance xd,i and the distance xl,i are equal. 



 23

[0093] (Elastic rigidity against shearing of stud in column) 

 The elastic rigidity with respect to the pull-out resistance of the stud 26 in the joint 14 

(in the column), that is, the elastic rigidity kst (N/mm) against shearing of the stud in the column 

can be obtained based on the pull-out resistance Tst (N) of the stud 26 and a deviation ust (mm) 

of the stud 26.  The pull-out resistance Tst of the stud 26 is expressed by the following Formula 

1.22, and the deviation ust of the stud 26 is expressed by the following Formula 1.23. 

[Expression 26] 

 

[Expression 27] 

 

[0094] Here, “Tst” in Formula 1.22 represents the pull-out resistance (N) of the stud 26 (see 

Fig. 1).  “φst” in Formula 1.22 represents the diameter of the stud 26 (a diameter (mm) of a shaft 

portion in the case of a headed stud) (see Fig. 1).  “nst” in Formula 1.22 represents the number 

of studs 26 (see Fig. 1).  “ust” in Formula 1.22 represents the displacement (mm) of the stud 26 

(see Fig. 1).  “Ds” in Formula 1.23 represents a total thickness (mm) of the slab 22 including a 

deck (see Fig. 1). 

[0095] Formula 1.22 relating to the shearing rigidity of the stud 26 is an experimental formula 

shown by Inoue et al., in the known document 2 “Kazuo Inoue: The Present Technical Level 

and the Reviews of Headed Stud, Concrete Technology, Vol. 34, No. 4, 1996.4”.  The shearing 

rigidity of the stud 26 is proportional to the diameter of the stud 26.  “9.8” of the coefficient in 

Formula 1.22 has a dimension of “N/mm2”. 

[0096] As the shearing rigidity ksc used in Formulas 1.18 and 1.19, a value (100 kN/mm with 

respect to φ 19 stud) described in “Appendix A.3” of the known document 1 “EN1994-1-1: 

2004 Eurocode 4: Design of composite steel and concrete structures Part 1-1: General rules and 

rules for buildings” may be used. 

[0097] From Formula 1.22, the elastic rigidity kst (N/mm) due to shearing of the stud 26 in the 

column 10 is expressed by the following Formula 1.24. 

[Expression 28] 
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[0098] A value used to calculate the displacement of the stud 26 in the column 10, that is, the 

distance xd,i between the line of action of the representative displacement of the resistance 

element and the elastic rotation center of the portion of the steel beam disposed inside the 

concrete of the column is expressed by the following Formula 1.25.  The arm length used to 

calculate the moment resistance due to the reaction force of the stud 26 in the column 10, that 

is, the distance xl,i between the center of gravity of the reaction force of the resistance element 

and the elastic rotation center of the steel beam disposed inside the concrete of the column is 

similarly expressed by the following Formula 1.25. 

[Expression 29] 

 

[0099] (Elastic rigidity due to beam flange surface and bearing pressure of concrete) 

 Next, the elastic rigidity with respect to the bearing pressure between the upper and 

lower surfaces of the upper flange 20A of the steel beam 20 and the concrete 32 of the column 

10 and the elastic rigidity with respect to the bearing pressure between the upper and lower 

surfaces of the lower flange 20B and the concrete 32 of the column 10 will be described.  That 

is, the elastic rigidity due to a beam flange surface and the bearing pressure of the concrete will 

be described. 

[0100] First, the reaction force of a bearing pressure surface and displacement of the bearing 

pressure surface in a compression direction when a steel plate and the concrete are under 

uniform bearing pressure stress are formulated. 

[0101] In the known document 3 “EN1993-1-8: 2005 Eurocode 3: Design of steel structures 

Part 1-8: Design of joints, BSI, 2010”, the elastic rigidity kc (N/mm) due to the bearing pressure 

between a surface of the steel plate and the concrete when the steel sheet and the concrete are 

under uniform bearing pressure stress is given by the following Formula 2.1. 

[Expression 30] 

 

[0102] Here, “beff” in Formula 2.1 is a width (mm) of an effective bearing pressure region.  

“leff” in Formula 2.1 is a distance (length (mm) of the effective bearing pressure region) from 

the elastic rotation center to an edge end of the effective bearing pressure region.  “beff × leff” in 

Formula 2.1 represents an effective bearing pressure area (mm2) of the concrete 32 (see Fig. 5).  
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“Ec” in Formula 2.1 is the Young's modulus (N/mm2) of the concrete. 

[0103] “αc” in Formula 2.1 is, for example, a value depending on a Poisson's ratio in the known 

document 4 “Lambe T.W., Whitman R.V.: Soil Mechanics, MIT, John Wiley & Sons, Inc., New 

York, 1969”.  Further, “αc” is disclosed as a value of the following Formula 2.2 in, for example, 

the known document 5 “Martin Steenhuis et al.: Concrete in compression and base plate in 

bending, HERON Vol. 53, No. 1/2, 2008”.  Furthermore, as “αc”, for example, a value calculated 

by the following Formula 2.3 can be adopted in consideration of a rigidity reduction rate 1.5 

due to a filling property of mortar between a steel material and the concrete. 

[Expression 31] 

 

[Expression 32] 

 

[0104] When Formula 2.3 is transformed into a general hook equation: P=kδ, the following 

Formula 2.4 holds. 

[Expression 33] 

 

[0105] Here, “Pcl” in Formula 2.4 is a sum of the reaction force due to the bearing pressure 

(value (N) obtained by integrating the reaction force in the effective bearing pressure region 

with the effective bearing pressure area).  “δc” in Formula 2.4 is displacement (mm) of a bearing 

pressure interface in the compression direction.  When uniform average bearing pressure stress 

of the effective bearing pressure area is set to σc (N/mm2), Formula 2.4 can be further 

transformed into the form of the following Formula 2.5. 

[Expression 34] 

 

[0106] In a half space of the concrete 32 receiving the bearing pressure, an actual strain of the 

concrete 32 with respect to the displacement δc is 0 at infinity from the bearing pressure surface 
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of the concrete 32.  On the other hand, it is assumed that a constant strain acts in a range of an 

effective depth Dc,eff (mm) equivalent thereto.  Then, a strain εc,eff and the displacement δc of 

the concrete 32 are associated with each other by the following Formula 2.6. 

[Expression 35] 

 

[0107] Then, from Formulas 2.5 and 2.6, the effective depth Dc,eff can be defined by the 

following Formula 2.7 that does not depend on a magnitude of strain. 

[Expression 36] 

 

[0108] As for the bearing pressure between the steel beam 20 (beam end 24) embedded in the 

concrete 32 of the column 10 in the joint 14 and the concrete 32, sinking (displacement of the 

bearing pressure interface) due to the bearing pressure becomes larger as a distance from the 

elastic rotation center of the beam end 24 is longer.  For this reason, it is not possible to directly 

use the formula of the aforementioned known document 3 “EN1993-1-8: 2005 Eurocode 3: 

Design of steel structures Part 1-8: Design of joints, BSI, 2010”.  In this case, a method of 

calculating the rigidity using formula 2.1 is derived for a case where the bearing pressure 

surface has a linear stress gradient as illustrated in Figs. 3 and 4. 

[0109] When the bearing pressure interface has a displacement distribution shown in Figs. 3 

and 4, a sum Pc2 (N) of the reaction force received by the bearing pressure surface can be 

calculated by the following Formula 2.8.  In Fig. 3, “Pc2,t” is the sum of the reaction force on 

the upper flange side, and can be calculated by replacing “Pc2” in the following Formula 2.8 

with “Pc2,t”.  In addition, “Pc2,b” in Fig. 3 is the sum of the reaction force on the lower flange 

side, and can be similarly calculated by replacing “Pc2” in the following Formula 2.8 with “Pc2,b”. 

[Expression 37] 

 

[0110] “σc(y)” in Formula 2.8 is a reaction force distribution (N/mm2) per unit area of the 

concrete on the bearing pressure surface. 

[0111] It is assumed that the following Formulas 2.9 to 2.11 are satisfied from Fig. 4. 

[Expression 38] 
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[Expression 39] 

 

[Expression 40] 

 

[0112] Here, “εc(y)” in Formulas 2.9 to 2.11 is a strain distribution of the concrete on the 

bearing pressure surface.  “δc(y)” in Formulas 2.9 and 2.10 is a displacement distribution (mm) 

of the bearing pressure surface in the compression direction. 

[0113] When Formulas 2.9 to 2.11 are substituted into Formula 2.8, the following Formula 

2.12 is satisfied. 

[Expression 41] 

 

[0114] Assuming that the reaction force according to Formula 2.12 is equivalent to the 

reaction force according to Formula 2.4, the following Formula 2.13 is established. 

[Expression 42] 

 

[0115] “δcP,eff” in Formula 2.13 is a representative displacement (mm) of the concrete on the 

bearing pressure surface. 

[0116] Therefore, even when the bearing pressure surface has the linear stress gradient, the 

reaction force can be obtained by applying Formula 2.4 in a uniform bearing pressure state 

using the displacement calculated by Formula 2.13. 

[0117] Next, the moment (rotational resistance) Mc2 (Nmm) due to the bearing pressure 

reaction force when the bearing pressure surface has the linear stress gradient can be calculated 

by the following Formula 2.14. 
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[Expression 43] 

 

[0118] When the uniform stress distribution is assumed on the bearing pressure surface, the 

moment (rotational resistance) Mc1 (Nmm) can be calculated by the following Formula 2.15. 

[Expression 44] 

 

[0119] Assuming that the moment according to Formula 2.14 is equivalent to the moment 

according to Formula 2.15, the following Formula 2.16 is satisfied. 

[Expression 45] 

 

[0120] “δcM,eff” in Formula 2.16 is a displacement (mm) of the bearing pressure surface in the 

compression direction at a distance for moment calculation. 

[0121] Therefore, even when the bearing pressure surface has the linear stress gradient, 

Formula 2.15 in the uniform bearing pressure state can be applied using the displacement 

calculated by Formula 2.16.  From the above, the rigidity kc of the bearing pressure surface can 

be finally evaluated by the following Formula 2.17 that is the same as Formula 2.1 from 

Formulas 2.12 and 2.13. 

[Expression 46] 

 

[0122] The width beff of the effective bearing pressure region is set in consideration of the fact 

that the reaction force due to the bearing pressure attenuates toward an edge end of the bearing 

pressure surface due to plate bending.  Regarding the flange of the steel beam 20 (beam end 24) 

embedded in the column 10, when the concrete 32 is filled between the upper and lower flanges 

20A and 20B, the entire width of the upper and lower flanges 20A and 20B is considered to be 
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effective by assuming that the plate bending of the upper and lower flanges 20A and 20B is 

constrained by the concrete 32. 

[0123] A value used to calculate the representative displacement due to the bearing pressure 

between the upper and lower flanges 20A and 20B of the steel beam 20 (beam end 24) 

embedded inside the column 10 and the concrete 32, that is, the distance xd,i between the line 

of action of the representative displacement of the resistance element i and the elastic rotation 

center of the portion of the steel beam disposed inside the concrete of the column is expressed 

by the following Formula 2.18 using the distance leff from the elastic rotation center to the edge 

end of the effective bearing pressure region from Formulas 2.13 and 2.14. 

[0124] The arm length used to calculate the moment resistance, that is, the distance xl,i 

between the center of gravity of the reaction force of the resistance element and the elastic 

rotation center of the portion of the steel beam disposed inside the concrete of the column is 

expressed by the following Formula 2.19 using the distance leff from the elastic rotation center 

to the edge end of the effective bearing pressure region from Formulas 2.13 and 2.14. 

[Expression 47] 

 
[Expression 48] 

 
[0125] In the case of Fig. 3, the length of the effective bearing pressure region of the upper 

flange end outer surface resistance element 24Aa of the upper flange 20A is exemplified by 

“leff,t”.  The length of the effective bearing pressure region of the upper flange end inner surface 

resistance element 24Ba of the upper flange 20A is exemplified by “leff,b”.  The length of the 

effective bearing pressure region of the lower flange end inner surface resistance element 24Ca 

of the lower flange 20B is exemplified by “leff,t”.  The length of the effective bearing pressure 

region of the lower flange end outer surface resistance element 24Da of the lower flange 20B 

is exemplified by “leff,b”.  Each width of the effective bearing pressure region is exemplified by 

“beff”. 

[0126] (Elastic rigidity by bearing pressure of face bearing plate and concrete) 

 Next, the elastic rigidity regarding the bearing pressure resistance between the face 
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bearing plate 30 and the concrete 32 of the column 10 will be described. 

[0127] For the face bearing plate 30, constraint conditions around the bearing pressure surface 

need to be suitably considered.  In this case, out-of-plane deformation constraint of the face 

bearing plate 30 by the web 20C is ignored.  Referring to the aforementioned known document 

3 “EN1993-1-8: 2005 Eurocode 3: Design of steel structures Part 1-8: Design of joints, BSI, 

2010”, as illustrated in Fig. 6, it is assumed that the compressive force acting on an axis of the 

lower flange 20B is transmitted to the concrete 32 through the effective bearing pressure region 

of the face bearing plate 30. 

[0128] The length leff and the width beff of the effective bearing pressure region are calculated 

by the following Formulas 2.20 and 2.21 using a width Bf (mm) of the lower flange 20B of the 

steel beam 20, a thickness tw (mm) of the web 20C, a plate thickness tfb (mm) of the face bearing 

plate 30, compressive strength fjd (N/mm2) of the concrete 32 against local bearing pressure, 

and yield stress fy (N/mm2) of the face bearing plate 30. 

[Expression 49] 

 

[Expression 50] 

 

[0129] “γM0” in Formula 2.21 is a reduction coefficient in consideration of variation in 

strength of the steel material.  In this case, a value of the reduction coefficient γM0 is set to “1.0”. 

[0130] According to the aforementioned known document 4 “Lambe T.W., Whitman R.V.: 

Soil Mechanics, MIT, John Wiley & Sons, Inc., New York, 1969”, Formula 2.21 is obtained by 

back calculating a beam length when a maximum bending moment of a cantilever beam reaches 

an elastic limit bending moment.  Bending of the steel plate having a bearing pressure surface 

of a T stub with the concrete is considered, and a model in which the T stub receives a uniformly 

distributed load equal to bearing pressure strength of the concrete as a cantilever beam is 

assumed.  That is, Formula 2.21 represents the length of the effective bearing pressure region 

used to calculate the bearing pressure strength. 

[0131] On the other hand, in the aforementioned known document 4 “Lambe T.W., Whitman 

R.V.: Soil Mechanics, MIT, John Wiley & Sons, Inc., New York, 1969”, regarding a dimension 

of the effective bearing pressure region used to calculate the rigidity of the bearing pressure 
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surface, a net length Cfl (mm) of the bearing pressure region considering bending deformation 

(sinusoidal waveform) of the steel plate is expressed by the following Formula 2.23.  A length 

Cr(mm) = leff of the effective bearing pressure region converted into a uniform bearing pressure 

deformed state equivalent to the length Cfl is expressed by the following Formula 2.22.  An 

effective depth heq (mm) that defines a strain against a bearing pressure deformation is 

expressed by the following Formula 2.24. 

[Expression 51] 

 

[Expression 52] 

 

[Expression 53] 

 

[0132] Here, “ξ” in Formulas 2.23 and 2.24 is a ratio of the effective depth heq to a length Cfl.  

In addition, “αc” in Formula 2.24 is expressed by the following Formula 2.25 with a coefficient 

set to α, with reference to the aforementioned known document 3 “EN1993-1-8: 2005 Eurocode 

3: Design of steel structures Part 1-8: Design of joints, BSI, 2010” and the aforementioned 

known document 5 “Martin Steenhuis et al.: Concrete in compression and base plate in bending, 

HERON Vol. 53, No. 1/2, 2008”. 

[Expression 54] 

 

[0133] Thus, Formula 2.24 is expressed by the following Formula 2.26. 

[Expression 55] 
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[0134] When Formulas 2.23 and 2.26 are substituted into Formula 2.22, the following 

Formula 2.27 is satisfied. 

[Expression 56] 

 

[0135] On the other hand, in the aforementioned known document 3 “EN1993-1-8: 2005 

Eurocode 3: Design of steel structures Part 1-8: Design of joints, BSI, 2010”, Formula 2.21 may 

be used for both strength calculation and rigidity calculation.  This is because the value of 

Formula 2.21 and the value of Formula 2.27 are substantially the same in the aforementioned 

known document 4 “Lambe T.W., Whitman R.V.: Soil Mechanics, MIT, John Wiley & Sons, 

Inc., New York, 1969”. 

[0136] From the above, similarly to Formulas 2.1 and 2.4, the rigidity kc,fb (N/mm) and the 

reaction force Pc,fb (N) of the bearing pressure surface between the face bearing plate 30 and 

the concrete 32 can be calculated by the following Formulas 2.28, 2.29, and 2.30. 

[Expression 57] 

 

[Expression 58] 

 “δc,fb” in Formula 2.29 means displacement of the face bearing plate 30. 

[Expression 59] 

 “xc,fb” in Formula 2.30 means a distance between the face bearing plate 30 and the 

concrete 32. 

[0137] A value used to calculate the representative displacement due to the bearing pressure 

force between the face bearing plate 30 and the concrete 32, that is, the distance xd,i between 

the line of action of the representative displacement of the resistance element i and the elastic 

rotation center of the portion of the steel beam disposed inside the concrete of the column is 
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expressed by the following Formula 2.31 from Fig. 6, using a thickness Ds (mm) of the slab 22, 

a height H (mm) of the steel beam 20, a thickness tf (mm) of the lower flange 20B of the steel 

beam 20, and a distance xn (mm) measured along the Z direction from the upper surface of the 

slab 22 to the elastic rotation center. 

[0138] The arm length used to calculate the moment resistance, that is, the distance xl,i 

between the center of gravity of the reaction force of the resistance element and the elastic 

rotation center of the portion of the steel beam disposed inside the concrete of the column is 

similarly expressed by Formula 2.31 that is equal to or less than the distance measured along 

the thickness of 20B. 

[Expression 60] 

 

[0139] In the above description, the method of calculating the elastic rigidity (that is, 

rotational rigidity) regarding a bearing pressure portion between steel and concrete in which the 

deformation state of the joint 14 between the column 10 and the beam 12 is modeled by the 

rigid rotation of the beam end 24 of the steel beam 20 which is a steel frame portion to generate 

the moment resistance is described. 

[0140] (Method of evaluating resistance of joint 14) 

 Next, a case where the column-beam joint is designed by evaluating the resistance of 

the joint 14 will be described.  The resistance Mj,Rd of the joint 14 is obtained as a sum of a 

product of a distance xu,i (mm) from the resistance element i to the rotation center of the beam 

end 24 and the maximum reaction force Fi,Rd (N) of the resistance element i by the following 

Formula.  In the present embodiment, the distance xu,i from the resistance element i to the 

rotation center of the beam end 24 is the distance xu,i from the center of gravity of the reaction 

force of the resistance element i to the rotation center of the beam end 24.  In a final state of the 

joint 14 between the column 10 and the beam 12, it is assumed that all the reaction force of 

each resistance element constraining the rotation of the beam end 24 of the steel beam 20 

reaches the maximum resistance due to the rigid rotation of the beam end 24 of the steel beam 

20. 

[Expression 61] 
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[0141] In Formula 3.1, each resistance element in the joint 14 is set to have a completely rigid 

plastic load deformation relationship.  It is assumed that all resistance elements are in a state 

(that is, mechanism) in which a plastic flow occurs.  Due to the moment resistance determined 

by this assumption, a value larger than a true collapse load is obtained as an upper bound.  Thus, 

calculation for obtaining the moment resistance using Formula 3.1 is executed for an arbitrary 

rotation center.  In the calculation, the rotation center that minimizes the collapse load is 

obtained as the final rotation center.  The moment resistance when the final rotation center is 

obtained is set as the moment resistance (that is, the maximum moment resistance Mj,Rd of the 

joint 14) of the joint 14. 

[0142] As the resistance element in the joint 14, the tensile resistance of the joint 

reinforcement bar 28 disposed in the slab 22, the pull-out resistance of the stud 26 in the joint 

14, the bearing pressure resistance between the face bearing plate 30 and the concrete 32 of the 

column 10, the bearing pressure resistance between the upper flange 20A of the steel beam 20 

and the concrete 32 of the column 10, and the bearing pressure resistance between the lower 

flange 20B and the concrete 32 of the column 10 can be set. 

[0143] In addition, as the resistance element, the sliding resistance due to friction of the bolt 

joint connecting the web 20C of the steel beam 20 and the fin plate 36 of the column 10, the 

shearing deformation resistance of the bolt 34 due to the bearing pressure, the local deformation 

resistance of the bolt hole, and the shearing resistance of the fin plate 36 can be set. 

[0144] For each resistance element, resistance Fi,Rd as the reaction force that generates a 

plastic flow is required, however, in this case, among the resistance elements described above, 

each resistance in consideration of the tensile resistance of the joint reinforcement bar 28 

disposed in the slab 22, the pull-out resistance of the stud 26 in the joint 14, the bearing pressure 

resistance between the face bearing plate 30 and the concrete 32 of the column 10, the bearing 

pressure resistance between the upper flange 20A of the steel beam 20 and the concrete 32 of 

the column 10, and the bearing pressure resistance between the lower flange 20B and the 

concrete 32 of the column 10 will be described, assuming that the resistance is relatively large 

and cannot be ignored in calculation of the moment resistance.  The moment resistance may be 

obtained by suitably considering other resistance elements. 

[0145] (Resistance of joint reinforcement bar) 

 As illustrated in Fig. 10A, the resistance for the tensile resistance of the joint 

reinforcement bar 28 disposed in the slab 22, corresponding to the reaction force Fi,Rd, that is, 

resistance Fr,Rd (N) of the joint reinforcement bar 28 can be expressed by the following Formula 

3.2 using a total cross-sectional area ar (mm2) of the joint reinforcement bar 28 and yield stress 

fr,y (N/mm2) within the effective width of the slab 22. 
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[Expression 62] 

 

[0146] Alternatively, tensile strength fr,u may be used instead of the yield stress fr,y. 

[0147] The arm length used to calculate the moment resistance due to the reaction force of the 

joint reinforcement bar 28, that is, the distance xu,i between the rotation center of the portion of 

the steel beam disposed inside the concrete of the column and the line of action of the reaction 

force is expressed by the following Formula 3.3.  The distance xu,i is the distance from the center 

of gravity of the reaction force of the resistance element i to the rotation center of the beam end 

24. 

[Expression 63] 

 

[0148] “xu,n” in Formula 3.3 is a component (mm) parallel to the vertical axis (Z axis) of a 

distance between the rotation center of the joint 14 and the surface of the slab 22.  “dr” in 

Formula 3.3 is a component (mm) parallel to the vertical axis (Z axis) in the distance from the 

center (a center of gravity of a multilayer reinforcing member when the joint reinforcement bar 

28 is the multilayer reinforcing member) of the cross section of the joint reinforcement bar 28 

to the surface of the slab 22. 

[0149] (Shear resistance of stud in column) 

 Next, as illustrated in Fig. 10A, the shear resistance for the pull-out resistance of the 

stud 26 in the joint 14 (in the column), corresponding to the reaction force Fi,Rd, that is, 

maximum resistance Fst,Rd (N) of the stud 26 in the column will be described.  As for the 

maximum resistance Fst,Rd (N), the calculation formula of the shear resistance of a headed 

anchor bolt described in “Vol. 4， Section 4.2, 4.2” of the known document 6 “Architectural 

Institute of Japan: Design Recommendations for Composite Constructions, 2nd Edition, 

2010.11” is cited. 

[0150] As the maximum resistance Fst,Rd, any smaller value of resistance Tst1 determined by 

shear strength of the stud 26, resistance Tst2 determined by the bearing pressure strength of the 

concrete 32, and resistance Tst3 determined by conical fracture of the concrete 32 of the column 

10 on a front surface of the stud 26 is adopted. 

[0151] (i) Shear resistance determined by shear strength of stud 

 The resistance Tst1 (N) is given by the following Formula 3.4 using the number nst of 

the studs 26 and shear resistance qa1 (N) per one stud 26. 
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[Expression 64] 

 

[0152] “φ1” in Formula 3.4 is a reduction coefficient.  In this case, a value of the reduction 

coefficient φ1 is set to “1.0”.  “sσqa” in Formula 3.4 is the shear strength (N/mm2) of the stud 26.  

As the value of the shear strength sσqa, a value of 1/31/2 of 0.2% yield resistance of a material 

test is used.  “sca” in Formula 3.4 is a cross-sectional area (mm2) of a shaft portion of the stud 

26. 

[0153] (ii) Shear resistance determined by bearing pressure strength of concrete 

 The resistance Tst2 (N) is given by the following Formula 3.5 using the number nst of 

the studs 26 and bearing resistance qa2 (N) with the concrete 32 per one stud 26. 

[Expression 65] 

 

[0154] “φ2” in Formula 3.5 is a reduction coefficient of concrete resistance, and the value of 

the reduction coefficient φ2 is set to “1.0” in this case.  “fcd” in Formula 3.5 is compressive 

strength (N/mm2) of the concrete 32 of the column 10.  “Ec” in Formula 3.5 is the Young's 

modulus (N/mm2) of the concrete.  Both the value of the compressive strength fcd and the value 

of the Young's modulus Ec are values obtained by a material test. 

[0155] (iii) Shear resistance determined by conical fracture of column concrete 

 The resistance Tst3 (N) is given by the following Formula 3.6 using resistance qa3 (N) 

of the conical fracture. 

[Expression 66] 

 

[0156] “cσt” in Formula 3.6 is the tensile strength (N/mm2) of the concrete 32 against the 

conical fracture.  In the setting of the tensile strength cσt, the following Formula 3.7 given in 

the known document 6 “Architectural Institute of Japan: Design Recommendations for 

Composite Constructions, 2nd Edition, 2010.11” is used. 

[Expression 67] 

 

[0157] “Aqc” in Formula 3.6 is an effective projected area (mm2) of a conical fracture surface, 
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and is obtained by the following Formula 3.8. 

[Expression 68] 

 

[0158] “c” in Formula 3.8 is a distance (mm) from a shaft core of the stud 26 at the most back 

side from a surface of the concrete 32 of the column 10 to the surface of the concrete 32 of the 

column 10 (see Fig. 7).  “s” in Formula 3.8 is an interval (mm) between the studs 26 in a row 

having the same depth (see Fig. 7).  “nr” in Formula 3.8 is the number of studs 26 in the row 

having the same depth (see Fig. 7). 

[0159] The arm length used to calculate the moment resistance due to the reaction force of the 

stud 26 in the column 10, that is, the distance xu,i between the rotation center of the portion of 

the steel beam disposed inside the concrete of the column and the line of action of the reaction 

force is expressed by the following Formula 3.9. 

[Expression 69] 

 

[0160] (Bearing resistance of beam flange surface and concrete) 

 Next, the bearing resistance for the bearing pressure resistance between the upper 

flange 20A and the lower flange 20B of the steel beam 20 and the concrete 32 of the column 

10, that is, bearing resistance Fc,Rd (N) of the beam flange surface and the concrete will be 

described.  In the aforementioned known document 3 “EN1993-1-8: 2005 Eurocode 3: Design 

of steel structures Part 1-8: Design of joints, BSI, 2010”, when a base plate and the concrete are 

in the uniform bearing pressure state, the bearing resistance Fc,Rd is given by the following 

Formula 3.10. 

[Expression 70] 

 

[0161] Here, “beff” in Formula 3.10 represents the width (mm) of the effective bearing 

pressure region of the concrete.  “leff” in Formula 3.10 represents the length (mm) of the 

effective bearing pressure region of the concrete.  As in the case of calculation rigidity of the 

elastic rigidity, the width beff is the entire width of the upper and lower flanges 20A and 20B in 

consideration of the constraint of the out-of-plane deformation of the upper and lower flanges 

20A and 20B by the concrete 32 on the bearing pressure surface between the upper and lower 

flanges 20A and 20B of the steel beam 20 and the concrete 32 of the column 10. 



 38

[0162] Since uniform bearing pressure deformation is assumed in the aforementioned known 

document 3 “EN1993-1-8: 2005 Eurocode 3: Design of steel structures Part 1-8: Design of 

joints, BSI, 2010”, the length leff is a length of the entire bearing pressure surface (β = 1). 

[0163] On the other hand, in the case of rotational deformation as illustrated in Fig. 8A, a 

stress block in which stress is uniform is assumed with respect to a state in which there is a 

stress gradient.  Thus, as illustrated in Figs. 8A and 8B, the length leff is converted into the 

bearing pressure surface equivalent to an actual stress distribution using a reduction coefficient 

β.  On the other hand, for example, in the known document 7 “EN1992-1-1: 2004 Eurocode 2: 

Design of concrete structures Part 1-1: General rules and rules for buildings”, the reduction 

coefficient β is determined by the following Formula 3.11 corresponding to the compressive 

strength fcd of the concrete 32. 

[Expression 71] 

 

[0164] The known document 8 “Architectural Institute of Japan: Design and Construction of 

Mixed Structures Composed of Reinforced Concrete Columns and Steel Beams, 1st Edition, 

2001.1” describes that the reduction coefficient β is in a range of 0.6 to 0.85. 

[0165] In addition, “fjd” in Formula 3.10 is the compressive strength of the concrete 32 against 

the local bearing pressure and is defined by the following Formula 3.12. 

[Expression 72] 

 

[0166] Here, “λc” in Formula 3.12 is a strength magnification factor with respect to the local 

bearing pressure.  The strength magnification factor λc is obtained in accordance with the 

aforementioned known document 7 “EN1992-1-1: 2004 Eurocode 2: Design of concrete 

structures Part 1-1: General rules and rules for buildings” and known document 8 “Architectural 

Institute of Japan: Design and Construction of Mixed Structures Composed of Reinforced 

Concrete Columns and Steel Beams, 1st Edition, 2001.1”.  For example, according to the known 

document 7, the calculation can be performed by the following Formula 3.13. 

[Expression 73] 

 

[0167] Here, “Ac0” in Formula 3.12 is a local effective bearing pressure area (mm2).  “Ac1” in 

Formula 3.12 is a maximum bearing pressure stress distribution area (mm2).  In the half space, 
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a projection surface having a similar shape of the effective bearing pressure area Ac0 and having 

the same normal line at a surface center is assumed (see Figs. 9A and 9B).  When there is an 

outer portion from an edge of the concrete 32 in the projection surface, an area obtained by 

subtracting the outer portion is set as the maximum bearing pressure stress distribution area Ac1 

(see, for example, the model of Fig. 9B). 

[0168] “βj” in Formula 3.12 is a reduction coefficient depending on the material of the bearing 

pressure surface.  In this case, a value of the reduction coefficient βj is set to “1.0”.  When 

mortar to be laid or the like is used, the value of the reduction coefficient βj can be set to, for 

example, “2/3”. 

[0169] The distance xu,i as the arm length used to calculate the moment resistance due to the 

stress block is expressed by the following Formula 3.14 using the distance leff from the rotation 

center to the line of action of a resultant force due to the bearing pressure stress from the models 

of Figs. 8A and 8B. 

[Expression 74] 

 

[0170] In Figs. 8A and 8B, the length of the effective bearing pressure region of the upper 

flange end outer surface resistance element 24Aa of the upper flange 20A is exemplified by 

“leff,t”.  The length of the effective bearing pressure region of the lower flange end outer surface 

resistance element 24Da of the lower flange 20B is exemplified by “leff,b”.  The width of the 

effective bearing pressure region of the upper flange end outer surface resistance element 24Aa 

and the width of the effective bearing pressure region of the lower flange end outer surface 

resistance element 24Da are both exemplified by “beff”. 

[0171] With respect to initial rigidity, in the concrete 32 of the column 10, integrity between 

the concrete 32 inside the upper and lower flanges 20A and 20B and the concrete 32 outside the 

upper and lower flanges 20A and 20B is maintained, and the inside of the upper and lower 

flanges 20A and 20B also has the bearing pressure resistance. 

[0172] However, at the time of ultimate resistance, it is set that the upper flange end inner 

surface resistance element 24Ba of the upper flange 20A and the lower flange end inner surface 

resistance element 24Ca of the lower flange 20B are not considered in deriving the ultimate 

resistance. 

[0173] This is based on the idea that, at the time of ultimate resistance, the concrete 32 is 

destroyed by torsion between a rectangular portion enveloping the steel beam 20 and the outside 
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of the rectangular portion, and the integrity with the concrete 32 inside the upper and lower 

flanges 20A and 20B of the column 10 cannot be maintained.  The outside of the rectangular 

portion is a width direction end of the upper and lower flanges 20A and 20B.  Furthermore, this 

is based on the idea that the inside of the upper and lower flanges 20A and 20B is not effective 

as the resistance element. 

[0174] In Figs. 8A and 8B, a length corresponding to the distance xu,i is exemplified by “xu,ct” 

for the upper flange end outer surface resistance element 24Aa of the upper flange 20A.  For 

the lower flange end outer surface resistance element 24Da of the lower flange 20B, the length 

corresponding to the distance xu,i is exemplified by “xu,cb”. 

[0175] Similarly, in Figs. 8A and 8B, the resistance corresponding to the reaction force Fi,Rd 

is exemplified by “bearing resistance Fct,Rd” for the upper flange end outer surface resistance 

element 24Aa of the upper flange 20A.  The bearing resistance of the lower flange end outer 

surface resistance element 24Da of the lower flange 20B is exemplified by “Fcb,Rd”. 

[0176] (Bearing resistance of face bearing plate and concrete of column) 

 Next, bearing resistance Fc,fb,Rd (N) for the bearing pressure resistance between the face 

bearing plate 30 and the concrete 32 of the column 10 corresponding to the reaction force Fi,Rd 

will be described.  As in the case of the bearing resistance of the beam flange surface and the 

concrete, the bearing resistance Fc,fb,Rd is set using the following Formula 3.15 of the 

aforementioned known document 3 “EN1993-1-8: 2005 Eurocode 3: Design of steel structures 

Part 1-8: Design of joints, BSI, 2010”.  As illustrated in Figs. 10A and 10B, it is assumed that 

the face bearing plate 30 and the concrete 32 are in the uniform bearing pressure state. 

[Expression 75] 

 

[0177] Here, “beff” in Formula 3.15 is a width (mm) of an effective bearing pressure surface 

of the concrete 32.  “leff” in Formula 3.15 is a length (mm) of the effective bearing pressure 

surface of the concrete 32.  As in the calculation rigidity of the elastic rigidity, in the setting of 

the width beff, the entire width of the upper and lower flanges 20A and 20B is adopted in 

consideration of the constraint of the out-of-plane deformation of the upper and lower flanges 

20A and 20B by the concrete 32 on the bearing pressure surface between the upper and lower 

flanges 20A and 20B and the concrete 32 of the column 10. 

[0178] The length leff can be set by using the following Formula 3.16 of the aforementioned 

known document 3 “EN1993-1-8: 2005 Eurocode 3: Design of steel structures Part 1-8: Design 

of joints, BSI, 2010” and the aforementioned known document 5 “Martin Steenhuis et al.: 
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Concrete in compression and base plate in bending, HERON Vol. 53, No. 1/2, 2008”. 

[Expression 76] 

 

[0179] Here, “tfb” in Formula 3.16 is the plate thickness (mm) of the face bearing plate 30.  

“fjd” in Formula 3.16 is the compressive strength (N/mm2) of the concrete 32 against the local 

bearing pressure.  The compressive strength m fjd is similar to that described by Formulas 3.12 

and 3.13.  “fy” in Formula 3.16 is the yield stress (N/mm2) of the face bearing plate 30. 

[0180] “γM0” in Formula 3.16 is a reduction coefficient for considering the variation in 

strength of the steel material, and the value of the reduction coefficient γM0 is set to “1.0” in this 

case.  For the effective bearing pressure area Ac0 (mm2) and the maximum bearing pressure 

stress distribution area Ac1 (mm2) described in Formula 3.13, the projection surface illustrated 

in Fig. 11 is assumed.  The value of the reduction coefficient βj is set to “1.0”. 

[0181] The distance xu,i as the arm length used to calculate the moment resistance due to the 

stress block is expressed by the following Formula 3.17 using the distance leff from the rotation 

center to the line of action of the resultant force due to the bearing pressure stress from the 

models of Figs. 10A and 10B. 

[Expression 77] 

 

[0182] In the above description, the method of predicting the moment resistance in the final 

state of the joint 14 from the upper bound by adding the maximum resistance of each resistance 

element is described.  The moment resistance of the joint 14 between the column 10 and the 

beam 12 can be set to a desired moment resistance by setting the dimension of each portion of 

the steel beam 20, the number of resistance elements (the presence or absence, and the number 

if the resistance element exists), and the position based on this method.  That is, the moment 

resistance can be adjusted to equal to or more than the required moment resistance Mj,Ed. 

[0183] (Example 1) 

 (Comparison between calculation result and experimental result) 

 In order to confirm the effect of the column-beam joint of the present disclosure, for 
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the column-beam joint of the embodiment illustrated in Figs. 1 and 2 of the present disclosure, 

a load was applied to the beam in the -Z direction downward in the vertical direction, and a 

relationship between the rotation angle of the joint and the moment was acquired.  Then, the 

results of calculating the rotational rigidity and the moment resistance of the joint using 

Formulas 1 to 3.17 were compared with experimental results. 

[0184] The relationship between the moment and the rotation angle of the beam end 24 of the 

steel beam 20 in the joint 14 can be defined by a bilinear model by obtaining an initial rotational 

rigidity Sj,ini (Nmm/rad) and the maximum moment resistance Mj,Rd (Nmm) according to the 

procedures of Formulas 1 to 3.17.  In this case, 2/3 times the maximum moment resistance Mj,Rd 

was established as the elastic limit.  When a moment exceeding the set elastic limit was applied, 

it was defined that the rotational rigidity was lower than the initial rotational rigidity Sj,ini. 

[0185] When the maximum moment resistance Mj,Rd (Nmm) was satisfied, secant rigidity Sj 

(Nmm/rad) was defined by a trilinear model determined by a value obtained by dividing Sj,ini 

by a rigidity reduction rate η (> 1) (see Fig. 12).  When the trilinear model is applied, an acting 

moment of the joint is calculated with the rotational rigidity Sj,ini as elastic rotational rigidity.  

When a moment equal to or less than 2/3 times the maximum moment resistance Mj,Rd was 

applied, the process could be performed as it is. 

[0186] Then, the acting moment of the joint was calculated with the rotational rigidity Sj,ini as 

the elastic rotational rigidity, and when a moment exceeding 2/3 times the maximum moment 

resistance Mj,Rd was applied, the acting moment of the joint was newly calculated with the 

secant rigidity Sj as the elastic rotational rigidity.  If the calculated acting moment was equal to 

or less than the maximum moment resistance Mj,Rd, it was determined that implementation was 

possible, that is, this fell within the scope of claims of the present disclosure.  If the calculated 

acting moment exceeded the maximum moment resistance Mj,Rd, it was determined that 

implementation was impossible, that is, this was outside the scope of claims of the present 

disclosure.  The rotational rigidity Sj,ini, the maximum moment resistance Mj,Rd, and η are 

determined by the following Formulas 4.1, 4.2, and 4.3. 

[Expression 78] 

 

[Expression 79] 
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[Expression 80] 

  

[0187] Deformation performance φcd illustrated in Fig. 12 is a minimum value (rad) of a 

rotation angle φcd,i when each resistance element reaches a limit of the deformation amount.  In 

a case where a product of the distance xu,i from the final rotation center to each resistance 

element and the rotation angle φj is equal to a limit δu,i (mm) of the deformation amount of each 

resistance element, when the rotation angle φj is solved, a minimum rotation angle φcd,i can be 

obtained by φcd,i=δu,i/xu,i. 

[0188] (Elastic rigidity and resistance of joint reinforcement bar) 

 In Example 1, when the joint reinforcement bar 28 was set as i = the first resistance 

element, the elastic rigidity kr (N/mm), a distance (arm length) xr (= xd,1, xl,1 (mm)) from the 

elastic rotation center satisfying the balance of forces at the time of elasticity to the 

reinforcement bar, a distance (arm length) xu,r (= xu,1 (mm)) from the rotation center at the time 

of the ultimate resistance to the reinforcement bar, and the resistance Fr,Rd (N) were obtained 

using the following Formulas 4.4 to 4.11. 

[0189] The definition of each parameter in the formula is the same as that described in 

Formulas 1 to 3.17.  The following Table 1 shows each parameter used to calculate the rigidity 

and the resistance of the reinforcement bar.  In the experiment in Example 1, “kr, kslip, Ksc, ν, ξ, 

xd,1, Fr,Rd, xu,1” in Formulas 4.4 to 4.11 were calculated using the conditions (Er, ar, hr, α, N, ksc, 

hs, ds, lh, Ea, Ia, ξ, dr, fr,y, xn, xu,n) shown in Table 1. 

[Table 1] 
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[Expression 81] 
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[Expression 82] 

 

[Expression 83] 

 

[Expression 84] 

 

[Expression 85] 

 

[Expression 86] 

 

[Expression 87] 

 

[Expression 88] 
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[0190] (Elastic rigidity and resistance against shearing of stud in column) 

 In Example 1, when the stud 26 in the column 10 was set as i = the second resistance 

element, the elastic rigidity kst (N/mm) due to shearing, a distance (that is, arm length) xst (= 

xd,2, xl,2 (mm)) from the final rotation center satisfying the balance of forces at the time of 

elasticity to a root of the stud, a distance (that is, arm length) xu,st (= xu,2 (mm)) from the rotation 

center at the time of the ultimate resistance to the reinforcement bar, and the resistance Fst,Rd 

(N) can be obtained using the following Formulas 4.12 to 4.20. 

[0191] The definition of each parameter in the formula is the same as that described in 

Formulas 1 to 3.17.  Table 2 shows each parameter used to calculate the rigidity and the 

resistance of the stud in the column.  In the experiment in Example 1, “k2, xd,2, F2,Rd, xu,2, Tst1, 

Tst2, Tst3, cσt, Aqc” in Formulas 4.12 to 4.20 were calculated using the conditions (φst, nst, xn, Ds, 

φ1, sσqa, sca, φ2, fcd, Ec, c, s, nr) shown in Table 2. 

[Table 2] 
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[Expression 89] 
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[Expression 90] 

 

[Expression 91] 

 

[Expression 92] 

 

[Expression 93] 

 

[Expression 94] 

 

[Expression 95] 

 

[Expression 96] 

 

[Expression 97] 

 

[0192] (Elastic rigidity and resistance against flange surface of beam body and bearing 

pressure of concrete) 

 As shown in Figs. 13A and 13B, in Example 1, it was assumed that, with respect to the 

initial rigidity, the bearing pressure resistance was generated at all four locations (that is, i = 3, 
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4, 5, 6) on the inner and outer surfaces of the upper and lower flanges 20A and 20B.  In addition, 

it was assumed that, with respect to the maximum resistance, the bearing pressure resistance 

was generated at all two locations (that is, i = 3, 6) only on the outer surfaces of the upper and 

lower flanges 20A and 20B. 

[0193] This is based on the idea that, with respect to the initial rigidity, the integrity between 

the concrete 32 inside the upper and lower flanges 20A and 20B and the concrete 32 outside the 

upper and lower flanges 20A and 20B is maintained, and the inside of the upper and lower 

flanges 20A and 20B also has the bearing pressure resistance.  However, this is based on the 

idea that, in the final state, the concrete 32 is destroyed by the torsion between the rectangular 

portion enveloping the steel beam 20 and the outside of the rectangular portion (that is, the 

width direction end of the upper and lower flanges 20A and 20B) and the inside of the upper 

and lower flanges 20A and 20B is not effective as the resistance element. 

[0194] The elastic rigidity kc (N/mm) of the bearing pressure between the surfaces of the upper 

and lower flanges 20A and 20B and the concrete 32, a distance xd,c,i (mm) from a representative 

point of bearing pressure displacement of the resistance element i at the time of elasticity to the 

rotation center, a distance (that is, arm length) xl,c,i (mm) from the rotation center satisfying the 

balance of forces at the time of elasticity to the center of gravity of the bearing pressure force, 

a distance (that is, arm length) xu,c,i (mm) from the rotation center at the time of the ultimate 

resistance to the center of gravity of the bearing pressure force, and resistance Fc,i,Rd (N) can be 

set using the following Formulas 4.21 to 4.35.  The resistance elements i are provided at all four 

locations (that is, i = 3, 4, 5, 6) including the inner and outer surfaces of the upper and lower 

flanges 20A and 20B. 

[0195] Table 3 shows each parameter used to calculate the rigidity and the resistance by the 

bearing pressure resistance of the interface between the portion embedded in the column 

concrete of the steel beam and the column concrete.  The values shown in Table 3 were used as 

the parameters in Formulas 4.21 to 4.35. 

[Table 3] 
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[Expression 98] 
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[Expression 99] 

 

[Expression 100] 

 

[Expression 101] 

 

[Expression 102] 

 

[Expression 103] 

 

[Expression 104] 

 

[Expression 105] 

 

[Expression 106] 

 



 52

[Expression 107] 

 

[Expression 108] 

 

[Expression 109] 

 

[Expression 110] 

 

[Expression 111] 

 

[Expression 112] 

 

[0196] Here, in Formulas 4.21 to 4.35, “Bf” is the width (mm) of the upper and lower flanges 

20A and 20B of the steel beam 20.  “tw” is the plate thickness (mm) of the web 20C of the steel 

beam 20.  “tfb” is the plate thickness (mm) of the face bearing plate 30.  “Lem” is an embedded 

length (mm) of the column 10 of the steel beam 20 in the concrete 32. 

[0197] “yn” in Formulas 4.21 to 4.35 is a horizontal distance (mm) in a direction parallel to an 

x axis from the outer surface (face bearing plate 30 side) of the concrete 32 of the column 10 to 

the elastic rotation center satisfying the balance of forces at the time of elasticity.  The “yu,n” is 

a horizontal distance (mm) from an outer surface of the concrete 32 of the column 10 to the 

final rotation center.  The outer surface of the concrete 32 of the column 10 is a surface on the 

face bearing plate 30 side. 

[0198] (Elastic rigidity and resistance against bearing pressure of face bearing plate and 

concrete) 

 In Example 1, the out-of-plane deformation constraint of the face bearing plate 30 by 
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the web 20C was ignored.  The compressive force acting on the axis of the lower flange 20B is 

set to be transmitted, to the concrete 32, as a uniform bearing pressure force in the plane via the 

effective bearing pressure region of the face bearing plate 30.  The bearing pressure of the face 

bearing plate 30 and the concrete 32 was set as i = seventh resistance element. 

[0199] The elastic rigidity kc,fb (N/mm), a distance xd,c,fb (= xd,7 (mm)) from the line of action 

of the representative displacement in the bearing pressure region at the time of elasticity to the 

elastic rotation center, a distance (that is, arm length) xl,c,fb (= xl,7 (mm)) from the elastic rotation 

center satisfying the balance of forces at the time of elasticity to the center of gravity of the 

bearing pressure force, a distance (that is, arm length) xu,c,fb (mm) from the rotation center at 

the time of the ultimate resistance to the center of gravity of the bearing pressure force, and 

resistance Fc,fb,Rd (N) were set using the following Formulas 4.36 to 4.43. 

[0200] The definition of each parameter in the formula is the same as that described in 

Formulas 1 to 3.17.  Table 4 shows parameters used to calculate the rigidity and the resistance 

by the bearing pressure between the face bearing plate and the concrete.  In the experiment in 

Example 1, “kc,fb, xd,c,fb, xl,c,fb, Fc,fb,Rd” was calculated from Formulas 4.36 to 4.43 using the 

conditions (Ec, Bf, tw, tfb, fy, γM0, βj, fcd,fb, Ac0, Ac1) shown in Table 4. 

[Table 4] 
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[Expression 113] 
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[Expression 114] 

 

[Expression 115] 

 

[Expression 116] 

 

[Expression 117] 

 

[Expression 118] 

 

[Expression 119] 

 

[Expression 120] 
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[0201] (Comparison of elastic rigidity and resistance between experiment and evaluation 

model) 

 In Example 1, with respect to the elastic rigidity, “xn” and “yn” indicating the position 

of the elastic rotation center of the beam end 24 were obtained from the balance condition of 

the external force and the internal force in the vertical direction and the horizontal direction, 

and the initial rotational rigidity Sj,ini was obtained using Formula 4.1. 

[0202] Regarding the final moment resistance, “xu,n” and “yu,n” representing the position of 

the final rotation center at which the maximum moment resistance Mj,Rd was minimized were 

obtained from simple superposed strength of all resistance elements and the upper bound 

theorem.  When the rigidity reduction rate η was about 3.0, the rigidity reduction rate η well 

corresponded to the rigidity after nonlinearization of the experiment, and therefore, the value 

of the rigidity reduction rate η was set to “3.0” in this case. 

[0203] The experimental results and the trilinear by an evaluation model are compared and 

shown in Fig. 14.  In Fig. 14, the vertical axis represents the moment of the joint, and the 

horizontal axis represents the rotation angle of the joint.  A solid line in Fig. 14 represents a 

history of the experimental results, and a dotted line represents the trilinear by the evaluation 

model.  The moment of the joint 14 in the experiment was defined in a face position of the 

concrete 32 of the column 10.  The face position of the concrete 32 of the column 10 is a surface 

opposite to the X axis among side surfaces of the concrete 32 of the column 10 orthogonal to 

the X axis direction in Fig. 1. 

[0204] As can be seen from Fig. 14, the experiment and the evaluation model are in close 

agreement. 

[0205] Fig. 15 shows a comparison between the rotational rigidity of an unloading cycle for 

repeated loading in an elastic range and the evaluation model.  In Fig. 15, the vertical axis 

represents the rotational rigidity of the joint in the unloading cycle, and the horizontal axis 

represents the number of cycles (that is, the number of repetitions).  A plot points in Fig. 15 

represents the experimental result, and a dotted line represents the evaluation model.  Regarding 

the rotational rigidity of the evaluation model, an experimental lower limit value can be 

generally evaluated.  Table 5 shows specific numerical values in the above comparison results. 

[0206] Table 5 shows experimental results of the rotational rigidity and the moment resistance 

of the joint and calculation results according to the present disclosure.  With respect to the 

average value of the experiments, the final moment resistance has an evaluation accuracy of 

93%.  The rotational rigidity has an evaluation accuracy of 76 to 77%.  The moment resistance 

is a calculation result on a safety side that is not overestimated. 

[0207] With respect to the rotational rigidity, an evaluation error of about 20% hardly affects 
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an evaluation error of the moment acting on the joint.  Thus, it can be said that the evaluation 

model in the present disclosure has accuracy with no practical problem. 

[Table 5] 
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[0208] As described above, the trilinear model according to the method of designing a 

column-beam joint of the present disclosure well corresponded to the present experimental 
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results in both the elastic rigidity and the maximum moment resistance.  Therefore, it could be 

confirmed that the rotational rigidity Sj and the maximum moment resistance Mj,Rd of the joint 

could be accurately evaluated using the calculation method described in the present disclosure. 

[0209] As a result, it is possible to accurately compare an estimated value of the moment 

acting on the column from the steel beam by the load supported by the steel beam and the 

rotational rigidity Sj of the portion of the steel beam disposed inside the concrete of the column 

with the maximum moment resistance that can be resisted by the joint between the column and 

the beam.  As a result, in the column-beam joint of the present disclosure, it is possible to 

prevent significant irreversible deformation (that is, plastification) from occurring in the joint 

between the column and the beam, and to ensure stability of deflection of the steel beam and 

soundness of the column. 

[0210] (Example 2) 

 Also in Example 2, the column-beam joint was designed, and the rotational rigidity 

and the moment resistance of the joint were evaluated.  The rotational rigidity and the moment 

resistance of the joint were evaluated based on the method of evaluating the rotational rigidity 

and the moment resistance of the joint described in Example 1 above.  Examples of the present 

disclosure that satisfy the conditions of the present disclosure are shown as Examples.  

Examples are examples in which the moment (required moment resistance) Mj,Ed acting on the 

joint and estimated from the rotational rigidity Sj calculated according to the evaluation method 

of the present disclosure and the load supported by the steel beam does not exceed the maximum 

moment resistance (holding moment resistance) Mj,Rd of the joint. 

[0211] Examples that do not satisfy the conditions of the present disclosure are shown as 

comparative examples.  Comparative Examples are examples in which the moment Mj,Ed acting 

on the joint and estimated from the rotational rigidity Sj calculated according to the evaluation 

method of the present disclosure and the load supported by the steel beam is equal to or more 

than the maximum moment resistance Mj,Rd of the joint. 

[0212] The design conditions are the materials shown in Table 6, the load conditions shown 

in Table 7, a distance between respective ends of the steel beam (that is, beam length), and a 

dominant width at which the steel beam bears the load.  Tables 8, 9, 10, and 11 show the design 

results.  As shown in Tables 8 to 11, 101 samples of No. 1 to No. 101 were designed.  Table 8 

shows design conditions of 48 samples of No. 1 to No. 48, and Table 9 shows design conditions 

of 53 samples of No. 49 to No. 101.  Table 10 shows the design results of 48 samples of No. 1 

to No. 48 are shown, and Table 11 shows the design results of 53 samples of No. 49 to No. 101. 

[0213] In Example 2, a case where a value (Mj,Ed/Mj,Rd) obtained by dividing the moment, 

generated in the joint when the elastic rotational rigidity of the joint was assumed, by the 
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moment resistance held by the joint exceeded 1.00 in the comparison between the maximum 

(holding) moment resistance and the required moment resistance of the joint was set as a 

comparative example. 

[0214] 

[Table 6] 

 

[0215] 

[Table 7] 

 

[0216] 

[Table 8] 
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[0217] 

[Table 9] 
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[0218] 

[Table 10] 
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[0219] 

[Table 11] 
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[0220] A fixed loading load (SDL) in Table 7 is a load that constantly acts on the beam except 

for an own weight Sw of a structure.  A variable load (LL) is a maximum load that is considered 
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to act during a common use period of a building except for the own weight Sw of the structure 

and the fixed loading load.  A product of a sum of the fixed loading load, the variable load, and 

the own weight of the structure and the dominant width is set as a loading load w (see Tables 8 

and 9) of a uniform distribution. 

[0221] “Lem” in Tables 8 and 9 is the embedded length of the beam with respect to the column 

concrete.  “Ds” represents a thickness of a floor slab.  “H, Bf, tw, tf” represents the height of the 

cross section of the steel beam, a width of the flange, a plate thickness of the web, and a plate 

thickness of the flange, respectively.  “Ia” represents a cross-sectional secondary moment of the 

steel beam.  “tfb” represents the plate thickness of the face bearing plate. 

[0222] The design conditions shown in Tables 6 and 7 were set to be unchanged.  With the 

cross-sectional dimension (H, Bf, tw, tf) of the steel beam, the embedded length Lem of the beam 

with respect to the column concrete, and the presence or absence of the additional member (that 

is, the stud in the column and the face bearing plate) as parameters, the rotational rigidity Sj of 

the joint, the maximum moment resistance Mj,Rd of the joint, and the moment Mj,Ed generated 

in the joint were calculated using the method of designing a joint, which was proposed in the 

present disclosure.  The embedded length Lem was set to a maximum embeddable dimension 

limited by the diameter of the column and the steel frame of the column. 

[0223] In the case where the additional member was provided, the diameter φst of the stud was 

set to 19 mm.  An embedded depth c from the surface of the column to the shaft core of the stud 

in the length direction of the steel beam was set to 150 mm.  The number of studs was two, and 

the two studs were arranged in a row in the Y-axis direction.  An interval between the two studs 

was unified to 100 mm.  The plate thickness tfb of the face bearing plate was unified to 12 mm.  

No joint reinforcement bar was provided. 

[0224] Fig. 16 is a graph in which data points are plotted for the design results shown in Tables 

8, 9, 10, and 11.  In Fig. 16, an embedded length ratio Lem/H (= embedded length ÷ beam depth) 

is set on the horizontal axis, and a fixation degree αrig (= moment generated at the joint in each 

design example ÷ moment generated at the joint when the joint is rigid joint) is set on the 

vertical axis. 

[0225] Fig. 17 is a graph in which data points are plotted for the design results shown in Tables 

8, 9, 10, and 11.  In Fig. 17, the embedded length ratio Lem/H (= embedded length ÷ beam depth) 

is set on the horizontal axis, and the bending moment ratio (= moment Mj,Ed generated at the 

joint in each design example ÷ maximum moment resistance Mj,Rd of the joint in each design 

example) is set on the vertical axis. 

[0226] In Example of the present disclosure in Fig. 17, when the bending moment ratio 

Mj,Ed/Mj,Rd is 1.00 or less, the maximum moment resistance Mj,Rd of the joint exceeds the 
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moment Mj,Ed of the joint generated by the rotational rigidity of the joint, and it is shown that 

design requirements are satisfied.  The case where the bending moment ratio Mj,Ed/Mj,Rd is 1.00 

or less means a state where the moment Mj,Ed of the joint calculated using the load supported 

by the steel beam and the rotational rigidity Sj does not exceed the maximum moment resistance 

Mj,Rd that the joint can resist. 

[0227] On the other hand, in Comparative Example, when the bending moment ratio exceeds 

1.00, it indicates that the moment resistance of the joint is insufficient with respect to the 

moment of the joint generated by the rotational rigidity of the joint, and the design requirements 

are not satisfied. 

[0228] As illustrated in Fig. 17, in particular, when the embedded length ratio Lem/H is 0.6 or 

less, the moment resistance of the joint is insufficient as in Comparative Example, and if the 

additional member, the span of the beam, the cross-sectional shape, and the like are not adjusted, 

there is a high possibility that the moment resistance is insufficient.  For this reason, by setting 

the bending moment ratio Mj,Ed/Mj,Rd to 1.00 or less using the method of designing a column-

beam joint according to the present embodiment, the maximum moment resistance Mj,Rd of the 

joint exceed the moment Mj,Ed of the joint, and it is possible to suppress occurrence of 

Comparative Example and to satisfy the design requirements as in Example. 

[0229] In addition, in the region where the embedded length ratio Lem/H is 0.5 or less in Fig. 

17, a probability of occurrence of Comparative Example in which the moment resistance of the 

joint is insufficient further increases.  Thus, the present embodiment is more advantageous in 

the region where the embedded length ratio Lem/H is 0.5 or less. 

[0230] As shown in Tables 8, 9, 10, and 11, and Fig. 17, in the joint in which the steel beam 

is simply embedded in the column concrete without the additional member, in a case where the 

height of the cross section of the beam is 500 mm (about 1/24 of a beam length of 12 m) or less, 

when the embedded length ratio Lem/H is 0.4 or less, the moment resistance of the joint is 

insufficient, and the joint cannot be adopted as the column-beam joint (Nos. 49, 50, 51). 

[0231] As shown in Nos. 27, 28, and 29 in Tables 8, 9, 10, and 11, and Fig. 17, in the joint in 

which the steel beam is simply embedded in the column concrete without the additional member, 

in a case where the height of the cross section of the beam is 600 mm or less, when the 

embedded length ratio Lem/H is 0.33 or less, the moment resistance of the joint is insufficient, 

and the joint cannot be adopted as the column-beam joint.  The height 600 mm of the cross 

section of the beam is about 1/20 of the length 12 m of the beam.  However, while No. 29 in 

which the embedded length ratio Lem/H was 0.33 was Comparative Example, in No. 40 in which 

the cross section of the steel beam and the embedded length were the same and the additional 

member was provided, the moment resistance of the joint by adjusting the additional member 
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satisfied a required value.  The additional members of No. 40 are the stud in the column and the 

face bearing plate.  For this reason, No. 40 can be adopted as the column-beam joint, and is 

Example of the present disclosure. 

[0232] As can be seen from Figs. 16 and 17, the fixation degree αrig and the bending moment 

ratio change depending on not only the embedded length ratio Lem/H but also the cross-sectional 

shape of the beam and the presence or absence of the stud.  That is, even when the embedded 

length ratio Lem/H is the same and the load condition is the same, depending on the cross-

sectional shape of the beam and the presence or absence of the additional member such as the 

stud, the moment resistance of the joint may or may not satisfy the condition of the present 

disclosure. 

[0233] In the above embodiment, the example in which the total number n of resistance 

elements is n = 7 has been described, however, the value of the total number n can be 

appropriately set by adjusting the number of additional members or the like to increase or 

decrease the number of resistance elements.  For example, when the reinforcement bar, the stud, 

and the face bearing plate, which are additional members, are omitted in the column-beam joint 

described in the above embodiment, the total number of resistance elements is n = 4.  In this 

case, the elastic rotation center of the beam end of the steel beam disposed inside the concrete 

of the column can be obtained as a point at which the sum, obtained by accumulating the 

reaction force of the resistance element i for i = 1 to 4, and the vertical load in the –Z direction 

acting on the steel beam are balanced. 

[0234] In the above embodiment, the rotational rigidity and the moment resistance of the joint 

are mainly adjusted by the additional member of the steel beam.  However, the rotational 

rigidity and the moment resistance of the joint may be adjusted only by adjusting the distance 

(that is, the beam length) between respective ends of the steel beam or only by adjusting the 

cross-sectional shape of the beam end in the longitudinal direction in the steel beam. 

[0235] In addition, for the additional member provided as the resistance element, at least one 

of an arrangement, shape, dimension, or number of the additional members is adjusted.  For 

example, the arrangement, shape, dimension, number, or the like of each of the reinforcement 

bar and the stud can be adjusted, or the position, shape, dimension, number, or the like of the 

face bearing plate can be adjusted.  The required moment resistance and the maximum moment 

resistance are changed and adjusted depending on the presence or absence and amount of the 

additional member. 

[0236] As described above, in the state where the resistance element designed using the 

method of designing a column-beam joint of the present disclosure is provided, at least one end 

in the longitudinal direction of the steel beam is embedded in the concrete of the column in the 
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semi-rigid joint state, whereby the method of manufacturing a column-beam joint according to 

the present disclosure can be achieved.  Although one embodiment of the present disclosure has 

been described above, the present disclosure is not limited to the above embodiment, and it is 

a matter of course that various other modifications can be made without departing from the gist 

of the present disclosure. 

[0237] 

10 column 

12 beam 

16 reinforcement bar 

18 steel frame 

20A upper flange (resistance element) 

20B lower flange (resistance element) 

26 stud (resistance element) 

28 joint reinforcement bar (resistance element) 

30 face bearing plate (resistance element) 

32 concrete 

32a slab concrete 

34 bolt (resistance element) 

36 fin plate (resistance element) 

[0238] <<Additional remarks>> 

 From the present specification, the following aspects are conceptualized. 

[0239] That is, a first aspect is 

 a method of designing a column-beam joint including a concrete column, a steel beam 

in which at least one end in a longitudinal direction is embedded inside concrete of the column 

in a semi-rigid joint state, and a resistance element that is provided in the steel beam and that 

generates a reaction force against rotation of the steel beam, and the method includes 

 defining rotational resistance per unit rotation angle of a portion of the steel beam 

inside the concrete in the column-beam joint as a rotational rigidity Sj, 

 calculating a required moment resistance, acting on the column-beam joint from the 

steel beam, using a load supported by the steel beam and the rotational rigidity Sj, and 

 adjusting at least one of a distance between respective ends of the steel beam or a cross-

sectional shape of the steel beam so that the required moment resistance calculated does not 

exceed a maximum moment resistance that can be resisted by the column-beam joint. 

[0240] A second aspect is 

 a method of designing a column-beam joint including a concrete column, a steel beam 
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in which at least one end in a longitudinal direction is embedded inside concrete of the column 

in a semi-rigid joint state, and a resistance element that is provided in the steel beam and that 

generates a reaction force against rotation of the steel beam, and the method includes 

 defining rotational resistance per unit rotation angle of a portion of the steel beam 

inside the concrete in the column-beam joint as a rotational rigidity Sj, and 

 calculating a required moment resistance, acting on the column-beam joint from the 

steel beam, using a load supported by the steel beam and the rotational rigidity Sj, which is 

determined by the following process A. 

 <Process A> 

 A total number of the resistance elements is denoted by n, i is a given natural number 

from 1 to n, and the resistance elements are denoted as resistance element i, 

 the reaction force of the resistance element i is represented by a product of rigidity ki 

of the resistance element i and a deformation amount, 

 a rotation center of the portion of the steel beam inside the concrete of the column is 

denoted by a point at which the reaction force of the resistance element i and an external force 

are balanced, 

 a distance between a line of action of a representative displacement of the resistance 

element i and the rotation center is denoted by xd,i, 

 a distance between a center of gravity of the reaction force of the resistance element i 

and the rotation center is denoted by xl,i, and 

 the rotational rigidity Sj is determined based on evaluation of a value obtained by the 

following Formula 1. 

[Expression 121] 

 

[0241] A third aspect is 

 the method of designing a column-beam joint according to the second aspect, and 

 the method further includes  

 adjusting at least one of a distance between respective ends of the steel beam or a cross-

sectional shape of the steel beam such that the required moment resistance does not exceed a 

maximum moment resistance that can be resisted by the column-beam joint. 

[0242] A fourth aspect is 

 the method of designing a column-beam joint according to the first or third aspect, in 

which 
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 the resistance element includes an additional member provided at the portion of the 

steel beam inside the concrete and at a peripheral edge of the portion, and 

 the required moment resistance or the maximum moment resistance of the column-

beam joint is established by adjusting at least one of an arrangement, shape, or dimension of 

the additional member. 

[0243] A fifth aspect is 

 the method of designing a column-beam joint according to any one of the first, third, 

and fourth aspects, in which 

 a maximum reaction force borne by a resistance element i of the portion of the steel 

beam inside the concrete is denoted by Fi,Rd, 

 the maximum moment resistance of the column-beam joint is denoted by Mj,Rd, 

 a distance between a rotation center of the steel beam and a line of action of the reaction 

force is denoted by xu,i, and 

 a minimum value of Mj,Rd calculated using the following Formula 2 is established as 

the maximum moment resistance with a position of the rotation center as a variable. 

[Expression 122] 

 

[0244] A sixth aspect is 

 the method of designing a column-beam joint according to any one of the first to fifth 

aspects, in which 

 an embedded length ratio obtained by dividing an embedded length of the end of the 

steel beam in the concrete of the column by a beam depth of the steel beam is 0.6 or less. 

[0245] A seventh aspect is 

 a method of manufacturing a column-beam joint, the method including 

 embedding at least one end in a longitudinal direction of a steel beam inside concrete 

of a column in a semi-rigid joint state, in a state in which a resistance element designed using 

the method of designing a column-beam joint according to any one of the first to sixth aspects 

is provided. 

[0246] An eight aspect is 

 a column-beam joint structure including 

  a concrete column, 

 a steel beam in which at least one end in a longitudinal direction is embedded inside 

concrete of the column in a semi-rigid joint state, and 
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 a resistance element that is provided in the steel beam and that generates a reaction 

force against rotation of the steel beam, in which 

 when rotational resistance per unit rotation angle of a portion of the steel beam inside 

the concrete in the column-beam joint is defined as a rotational rigidity Sj and a moment 

generated by a maximum resistance that can be resisted by the resistance element is defined as 

a maximum moment resistance that can be resisted by the column-beam joint, 

 as a required moment resistance acting on the column-beam joint from the steel beam, 

at least one of a distance between respective ends of the steel beam or a cross-sectional shape 

of the steel beam is adjusted so that the required moment resistance calculated using a load 

supported by the steel beam and the rotational rigidity Sj does not exceed the maximum moment 

resistance. 

[0247] A ninth aspect is 

 a column-beam joint structure including 

 a concrete column, 

 a steel beam in which at least one end in a longitudinal direction is embedded inside 

concrete of the column in a semi-rigid joint state, and 

 a resistance element that is provided in the steel beam and that generates a reaction 

force against rotation of the steel beam, in which 

 when rotational resistance per unit rotation angle of a portion of the steel beam inside 

the concrete in the column-beam joint is defined as a rotational rigidity Sj, as a required moment 

resistance acting on the column-beam joint from the steel beam, the required moment resistance 

is set using a load supported by the steel beam and the rotational rigidity Sj, which is determined 

by the following process B. 

 <Process B> 

 A total number of the resistance elements is denoted by n, i is a given natural number 

from 1 to n, and the resistance elements are denoted as resistance element i, 

 the reaction force of the resistance element i is represented by a product of rigidity ki 

of the resistance element i and a deformation amount, 

 a rotation center of the portion of the steel beam inside the concrete of the column is 

denoted by a point at which the reaction force of the resistance element i and an external force 

are balanced, 

 a distance between a line of action of a representative displacement of the resistance 

element i and the rotation center is denoted by xd,i, 

 a distance between a center of gravity of the reaction force of the resistance element i 

and the rotation center is denoted by xl,i, and 
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 the rotational rigidity Sj is determined as a value satisfying the following Formula 3. 

[Expression 123] 

 
[0248] A tenth aspect is 

 the column-beam joint structure according to the ninth aspect, in which 

 at least one of a distance between respective ends of the steel beam or a cross-sectional 

shape of the steel beam is adjusted so that the required moment resistance does not exceed a 

maximum moment resistance that can be resisted by the column-beam joint. 

[0249] An eleventh aspect is 

 the column-beam joint structure according to the eighth or tenth aspect, in which 

 the resistance element includes an additional member provided at the portion of the 

steel beam inside the concrete and at a peripheral edge of the portion, and 

 the required moment resistance or the maximum moment resistance of the column-

beam joint is established by adjusting at least one of an arrangement, shape, or dimension of 

the additional member. 

[0250] A twelfth aspect is 

 the column-beam joint structure according to any one of the eighth, tenth, and eleventh 

aspects, in which 

 a maximum reaction force borne by a resistance element i of the portion of the steel 

beam inside the concrete is denoted by Fi,Rd, 

 the maximum moment resistance of the column-beam joint is denoted by Mj,Rd, 

 a distance between a rotation center of the steel beam and a line of action of the reaction 

force is denoted by xu,i, and 

 a minimum value of Mj,Rd calculated using the following Formula 4 is established as 

the maximum moment resistance with a position of the rotation center as a variable. 

[Expression 124] 

 
[0251] A thirteenth aspect is 

 the column-beam joint structure according to any one of the eighth to twelfth aspects, 

in which 

 an embedded length ratio obtained by dividing an embedded length of the end of the 
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steel beam in the concrete of the column by a beam depth of the steel beam is 0.6 or less. 

[0252] <<Other aspects>> 

 From the present specification, the following other aspects are conceptualized. 

[0253] That is, another first aspect is 
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 a column-beam joint structure including a concrete column, and a steel beam in which 

at least one end in a longitudinal direction is disposed in concrete of the column, in which 

 when rotational resistance per unit rotation angle of a portion of the steel beam 

disposed inside the concrete of the column is a rotational rigidity Sj, a force acting on the column 

from the steel beam is estimated by a load supported by the steel beam and the rotational rigidity 

Sj of the portion of the steel beam disposed inside the concrete of the column, the steel beam 

has a resistance element that generates a reaction force against rotation of the portion of the 

steel beam disposed inside the concrete of the column so that the force acting on the column 

from the steel beam does not exceed maximum resistance that can be resisted by the concrete 

of the column, and 

 the reaction force of the resistance element is adjusted by adjusting, at least, a distance 

between respective ends of the steel beam and/or a cross-sectional shape of the steel beam. 

[0254] Another second aspect is 

 the column-beam joint structure according to another first aspect, in which 

 the resistance element includes the portion of the steel beam disposed inside the 

concrete of the column, and an additional member provided at a peripheral edge of the portion, 

and the reaction force of the resistance element is adjusted by adjusting at least one of an 

arrangement, shape, or dimension of the additional member. 

[0255] Another third aspect is 

 the column-beam joint structure according to another first or second aspect, in which 

 when a total number of the resistance elements is n, i is a given natural number from 1 

to n, and the resistance element provided in the steel beam is a resistance element i, 

 the reaction force of the resistance element i is represented by a product of rigidity ki 

of the resistance element i and a deformation amount, 

 an elastic rotation center of a portion disposed inside the concrete of the column is 

denoted by a point at which the reaction force of the resistance element i and an external force 

are balanced, 

 a distance between a line of action of a representative displacement of the resistance 

element i and the elastic rotation center of the portion of the steel beam disposed inside the 

concrete of the column is denoted by xd,i, 

 a distance between a center of gravity of the reaction force of the resistance element i 

and the elastic rotation center of the portion of the steel beam disposed inside the concrete of 

the column is denoted by xl,i, and 

 the rotational rigidity Sj is determined as a value satisfying the following Formula 1. 

[Expression 125] 
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[0256] Another fourth aspect is 

 the column-beam joint structure according to any one of another first to third aspects, 

in which a reaction force of the resistance element i of the portion of the steel beam disposed 

inside the concrete of the column and a maximum reaction force that can be borne by the 

resistance element are denoted by Fi,Rd, 

 resistance of the joint is denoted by Mj,Rd, 

 a distance between a rotation center of the portion of the steel beam disposed inside 

the concrete of the column and a line of action of the reaction force is denoted by xu,i, and 

 Mj,Rd is calculated using the following Formula 2 with a position of the rotation center 

as a variable, and 

 the resistance of the joint is set to a minimum value of Mj,Rd calculated by the following 

Formula 2. 

[Expression 126] 

 

[0257] Another fifth aspect is 

 a method of designing a column-beam joint including a concrete column, and a steel 

beam in which at least one end in a longitudinal direction is disposed in concrete of the column, 

in which 

 when rotational resistance per unit rotation angle of a portion of the steel beam 

disposed inside the concrete of the column is a rotational rigidity Sj, a force acting on the column 

from the steel beam is estimated by a load supported by the steel beam and the rotational rigidity 

Sj of the portion of the steel beam disposed inside the concrete of the column, the steel beam 

includes a resistance element that generates a reaction force against rotation of the portion of 

the steel beam disposed inside the concrete of the column so that the force acting on the column 

from the steel beam does not exceed maximum resistance that can be resisted by the concrete 

of the column, and 

 the reaction force of the resistance element is adjusted by adjusting, at least, a distance 

between the respective ends of the steel beam and/or a cross-sectional shape of the steel beam. 

[0258] Another sixth aspect is 

 the method of designing a column-beam joint according to another fifth aspect, in 
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which the resistance element includes the portion of the steel beam disposed inside the concrete 

of the column, and an additional member provided at a peripheral edge of the portion, and the 

reaction force of the resistance element is adjusted by adjusting at least one of an arrangement, 

shape, or dimension of the additional member. 

[0259] Another seventh aspect is the method of designing a column-beam joint according to 

another fifth or sixth aspect, in which 

 when a total number of the resistance elements is n, i is a given natural number from 1 

to n, and the resistance element provided in the steel beam is a resistance element i, 

 the reaction force of the resistance element i is represented by a product of rigidity ki 

of the resistance element i and a deformation amount, 

 an elastic rotation center of a portion disposed inside the concrete of the column is 

denoted by a point at which the reaction force of the resistance element i and an external force 

are balanced, 

 a distance between a line of action of a representative displacement of the resistance 

element i and the elastic rotation center of the portion of the steel beam disposed inside the 

concrete of the column is denoted by xd,i, 

 a distance between a center of gravity of the reaction force of the resistance element i 

and the elastic rotation center of the portion of the steel beam disposed inside the concrete of 

the column is denoted by xl,i, and 

 rotational rigidity of the joint is evaluated by a value obtained by the following 

Formula 3. 

[Expression 127] 

 

[0260] Another eighth aspect is 

 the method of designing a column-beam joint according to any one of another fifth to 

seventh aspects, in which 

 a reaction force of the resistance element i of the portion of the steel beam disposed 

inside the concrete of the column and a maximum reaction force that can be borne by the 

resistance element i are denoted by Fi,Rd, 

 resistance of the joint is denoted by Mj,Rd, 

 a distance between a rotation center of the portion of the steel beam disposed inside 

the concrete of the column and a line of action of the reaction force is denoted by xu,i, 

 Mj,Rd is calculated using the following Formula 4 with a position of the rotation center 
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as a variable, and the resistance of the joint is a minimum value of Mj,Rd calculated by the 

following Formula 4. 

[Expression 128] 

 

[0261] In the other aspects described above, the following effects are obtained. 

[0262] According to the column-beam joint structure and the method of designing a column-

beam joint according to another aspect, an estimated value of the moment acting on the column 

from the steel beam by the load supported by the steel beam and the rotational rigidity Sj of the 

portion of the steel beam disposed inside the concrete of the column does not exceed the 

maximum moment resistance that can be resisted by the joint between the column and the beam.  

As a result, it is possible to prevent significant irreversible deformation (plastification) from 

occurring in the joint between the column and the beam, to ensure stability of deflection of the 

steel beam and soundness of the column, and to satisfy required performance. 

[0263] The disclosure of Japanese Patent Application No. 2019-103652, filed on June. 3, 2019, 

is incorporated herein by reference in its entirety. 

[0264] All publications, patent applications, and technical standards mentioned in this 

description are incorporated herein by reference to the same extent as if each individual 

publication, patent application, or technical standard was specifically and individually indicated 

to be incorporated by reference.  
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CLAIMS 

 

1. A method of designing a column-beam joint comprising a concrete column, 

a steel beam in which at least one end in a longitudinal direction is embedded inside concrete 

of the column in a semi-rigid joint state, and one or more resistance elements that is provided 

in the steel beam and that generates a reaction force against rotation of the steel beam, the 

method comprising: 

 defining rotational resistance per unit rotation angle of a portion of the steel beam 

inside the concrete in the column-beam joint as a rotational rigidity Sj; and 

 calculating a required moment resistance, acting on the column-beam joint from the 

steel beam, using a load supported by the steel beam and the rotational rigidity Sj, which is 

determined by the following process A: 

 <Process A> 

 A total number of the resistance elements is denoted by n, i is a given natural number 

from 1 to n, and the resistance elements are denoted as resistance element i, 

 the reaction force of the resistance element i is represented by a product of rigidity ki 

of the resistance element i and a deformation amount, 

 a rotation center of the portion of the steel beam inside the concrete of the column is 

denoted by a point at which the reaction force of the resistance element i and an external force 

are balanced, 

 a distance between a line of action of a representative displacement of the resistance 

element i and the rotation center is denoted by xd,i, 

 a distance between a center of gravity of the reaction force of the resistance element i 

and the rotation center is denoted by xl,i, and 

 the rotational rigidity Sj is determined based on evaluation of a value obtained by the 

following Formula 1. 

[Expression 1] 

 
 

2. The method of designing a column-beam joint according to claim 1, further 
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comprising 

 adjusting at least one of a distance between respective ends of the steel beam or a 

cross-sectional shape of the steel beam, such that the required moment resistance does not 

exceed a maximum moment resistance that can be resisted by the column-beam joint. 

 

3. The method of designing a column-beam joint according to claim 2, wherein 

 the resistance element includes an additional member provided at the portion of the 

steel beam inside the concrete and at a peripheral edge of the portion, and 

 the required moment resistance or the maximum moment resistance of the 

column-beam joint is established by adjusting at least one of an arrangement, shape, or 

dimension of the additional member. 

 

4. The method of designing a column-beam joint according to claim 2 or claim 

3, wherein 

 a maximum reaction force borne by a resistance element i of the portion of the steel 

beam inside the concrete is denoted by Fi,Rd, 

 the maximum moment resistance of the column-beam joint is denoted by Mj,Rd, 

 a distance between the rotation center of the steel beam and a line of action of the 

reaction force is denoted by xu,i, and 

 a minimum value of Mj,Rd calculated using the following Formula 2 is established as 

the maximum moment resistance with a position of the rotation center as a variable. 

[Expression 2] 

 
 

5. The method of designing a column-beam joint according to any one of 

claims 1 to 4, wherein 

 an embedded length ratio obtained by dividing an embedded length of the end of the 

steel beam in the concrete of the column by a beam depth of the steel beam is 0.6 or less. 

 

6. A method of manufacturing a column-beam joint, the method comprising 
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 embedding at least one end in a longitudinal direction of a steel beam inside concrete 

of a column in a semi-rigid joint state, in a state in which one or more resistance elements is 

provided in the column-beam joint designed using the method according to any one of claims 

1 to 5. 

 

7. A column-beam joint structure comprising: 

 a concrete column; 

 a steel beam in which at least one end in a longitudinal direction is embedded inside 

concrete of the column in a semi-rigid joint state; and 

 a resistance element that is provided in the steel beam and that generates a reaction 

force against rotation of the steel beam, wherein 

 when rotational resistance per unit rotation angle of a portion of the steel beam inside 

the concrete in the column-beam joint is defined as a rotational rigidity Sj and a moment 

generated by a maximum resistance that can be resisted by the resistance element is defined as 

a maximum moment resistance that can be resisted by the column-beam joint, and 

 by satisfying that an embedded length ratio obtained by dividing an embedded length 

of the end of the steel beam in the concrete of the column by a beam depth of the steel beam 

is: 

 more than 0.4 and less than 0.5 in a case in which the beam depth of the 

steel beam is 500 mm or less, 

 more than 0.33 and less than 0.5 in a case in which the beam depth of the 

steel beam is more than 500 mm and 600 mm or less, 

 0.14 or more and less than 0.5 in a case in which the beam depth of the steel 

beam is more than 600 mm and 700 mm or less, and 

  0.13 or more and less than 0.94 in a case in which the beam depth of the 

steel beam is more than 700 mm,  

as a required moment resistance acting on the column-beam joint from the steel beam, 

at least one of a distance between respective ends of the steel beam or a cross-sectional shape 

of the steel beam is adjusted, such that the required moment resistance calculated using a load 

supported by the steel beam and the rotational rigidity Sj does not exceed the maximum 

moment resistance. 
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8. A column-beam joint structure comprising: 

 a concrete column; 

 a steel beam in which at least one end in a longitudinal direction is embedded inside 

concrete of the column in a semi-rigid joint state; and 

 a resistance element that is provided in the steel beam and that generates a reaction 

force against rotation of the steel beam, wherein 

 the resistance element includes an additional member provided at the portion of the 

steel beam inside the concrete and at a peripheral edge of the portion, 

 the additional member element includes a stud in the column and a face bearing 

plate, 

 when rotational resistance per unit rotation angle of a portion of the steel beam inside 

the concrete in the column-beam joint is defined as a rotational rigidity Sj and a moment 

generated by a maximum resistance that can be resisted by the resistance element is defined as 

a maximum moment resistance that can be resisted by the column-beam joint, and 

 by satisfying that an embedded length ratio obtained by dividing an embedded length 

of the end of the steel beam in the concrete of the column by a beam depth of the steel beam 

is: 

 more than 0.4 and less than 0.5 in a case in which the beam depth of the 

steel beam is 500 mm or less, 

 more than 0.25 and less than 0.5 in a case in which the beam depth of the 

steel beam is more than 500 mm and 600 mm or less, 

 more than 0.21 and less than 0.5 in a case in which the beam depth of the 

steel beam is more than 600 mm and 700 mm or less, and 

 0.13 or more and less than 0.94 in a case in which the beam depth of the 

steel beam is more than 700 mm, 

 as a required moment resistance acting on the column-beam joint from the steel beam, 

at least one of a distance between respective ends of the steel beam or a cross-sectional shape 

of the steel beam is adjusted, such that the required moment resistance calculated using a load 

supported by the steel beam and the rotational rigidity Sj does not exceed the maximum 

moment resistance. 

 

 




