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Abstract: A steel moment frame is a design solution that effectively withstands seismic impact. In National 
Standards of various countries, box-section columns are recommended for use in moment frame, while this re-
quirement is mandatory in the Russian Federation. Therefore, it is necessary to have a frame moment connection 
between an I-beam and such column. Most existing solutions involve many welds which reduce reliability under 
dynamic loads or low temperature conditions. Solutions with fewer welds require special cast components. This 
article proposes a solution to this problem by introducing a butt joint for box-section columns that creates a 
frame moment connection with minimal welds, without using any special cast components, and complies with 
the requirements of National Standards on earthquake-resistant construction in Russia.   
Based on calculations performed in ANSYS for extracted frame moment connection in static formulation as well 
as pseudo-plane single-story moment frame and multi-story moment frame in dynamic formulations using accel-
erograms from earthquakes, a comparative analysis was conducted regarding stress-strain state of the frame mo-
ment connection  without butt joints and with different types the outline of butt joints.  
It has been found that a butt joint with the outline like a meander is equivalent to a solid column without cutout, 
allowing calculations of entire design model without detailed modeling of the frame moment connection, simply 
by applying fixed joint of column and beam. Additionally, one advantage of this type of butt joint is its ability to 
solve the issue of installing diaphragm plates in the box-section column body. 
 

Keywords: butt joint, steel frame moment connection, box-section column, seismic, low temperature, weld, 
ANSYS 

  
 

 
 

 1,  2 
1 -  

2  
 

 
 

 

 
 

 
   

ANSYS -

 -
 

International Journal for Computational Civil and Structural Engineering, 21(2) 83–98 (2025)

DOI:10.22337/2587-9618-2025-21-2-83-98



84 International Journal for Computational Civil and Structural Engineering

 
 

 
  

 ANSYS 

 
INTRODUCTION 
 
Taking into account the fact that certain terri-
tories of Russia are seismically active, the de-
sign engineer is required to analyze the behav-
ior of the structure from seismic impact. To 
prevent the collapse of the building frame dur-
ing a seismic impact, it is necessary to dissi-
pate the energy of the seismic impact, for 
which you can use both the plastic properties 
of the material of the load-bearing structures 
and the use of special seismic base isolation 
and energy dissipation devices. (1, 2).  This 
may also involve addressing the effects of a 
“soft story”, which could allow improvement 
of the frame’s dynamic parameters or its utili-
zation as an energy dissipation device. (3, 4). 
However, this approach requires the use of a 
moment frame in both planes of the column. 
For these purposes, a steel frame is best suit-
ed, which has sufficient strength and the pos-
sibility of prolonged residual plastic defor-
mation. In National Standards of various 
countries, box-section columns are recom-
mended for use in moment frame, while this 
requirement is mandatory in the Russian Fed-
eration. In Russian State Standard SP 
14.13330.2018 (including supplement 2-4) the 
following requirements for the moment 
frames: 
1) The cross section of the columns should be 
box-section or circular section; 
2) diaphragm plates should be installed in the 
columns at the level of the beam.  
Since the column has a closed cross-section, 
the main design problem is the installation of 
diaphragm plates in the body of the column. 

The existing concepts of design solutions for 
the frame moment connection of an I-beam 
and a box-section column used in Russia and 
abroad can be roughly divided into: 
1) Using a welded column (1, 5-11); 
2) Using elements as diaphragm plates outside 
the column cavity (5, 13-15, 18); 
3) Using an insert that breaks the column or a 
butt joint at the level of the upper belt of the 
beam (5, 12, 16-17); 
4) The use of special cast components (6, 18-
21) 
Most existing solutions involve many welds 
which reduce reliability under dynamic loads 
(22-27) or low temperature conditions (28). 
Solutions with fewer welds require special 
cast components. Since the Russian State 
Standard does not prohibit the butt joint of 
columns at the place where the beam is at-
tached, a butt joint of box-section column is 
considered in this work (with different cut 
shapes), which makes it possible to create a 
frame moment connection beam attachment 
unit at the butt joint that meets the require-
ments of Russian State Standard  of earth-
quake-resistant construction of the Russian 
Federation.  The essence of the butt joint is to 
reduce the welds in the moment frame of the 
I-beam and box-section column. It is assumed 
that such a column will be made of hot rolled 
square pipe and, due to this, it will be possible 
to do only factory full penetration weld joints 
of diaphragm plates, which will increase the 
reliability of the structure. (fig. 1). 
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Figure 1. The concept of the butt joint and the frame moment connection whole:  – a jointed 

square pipe with a meander-shaped trim and a place where the diaphragm plates, b – combining 
two square pipe, c – the final assembly of the butt joint and the frame moment connection as a 

whole using metal plates and (or) beam flanges, tightened with pretensioned studs or bolts passing 
through the profile 

 
METHODS 
 
To obtain reliable data on the behavior of the 
frame moment connection an earthquake, it is 
necessary to calculate the entire structure using 
solid finite elements (hereinafter FE) using an 
accelerogram, with physical and geometric non-
linearity in time. Such a task is quite resource-
intensive. In addition, increased control is need-
ed at the level of the source data assignment. To 
avoid possible errors, the calculation should 
begin with a simple analysis of the frame in a 
linear formulation using the Response Spectrum 
Analysis (hereinafter RSM) without modeling 
frame moment connection, and then gradually 
complicate it. 
 
 
RESULTS AND DISCUSSION 
 
The first example – a pseudo-flat single-story 
pivotally supported 5x5 m frame, fixed from the 
bottom of the plane in the column heads (fig.2). 
The columns are made from 250x8 rolled square 
pipe according to Russian State Standard GOST 
32931-2015, and the beam is made from a 

20 2 I/H-beam according to Russian State 
Standard GOST R 57837-2017.  
 

 
 

Figure 2. Scheme of pseudo-flat single-story 
frame and shell moment connection sections 

 
At a distance of 0.5 m from the column, a mon-
olithic reinforced concrete floor slab is fixed 
attached to the beam, which will not allow the 
beam to buckling failure. A plastic hinge is ex-
pected in the beam. In addition to its own 
weight of the structure, a uniformly distributed 
mass of 28.5 tons is applied to the beam. The 
scheme consists of beam elements, with the ex-
ception of the shell support parts of the 0.5 m 
long beam with additional shelf widening. 

a b c 

Butt Joint with Meander Outline for Box-Section Column in Frame Moment Connection for Seismic Applications

 
 

 
  

 ANSYS 

 
INTRODUCTION 
 
Taking into account the fact that certain terri-
tories of Russia are seismically active, the de-
sign engineer is required to analyze the behav-
ior of the structure from seismic impact. To 
prevent the collapse of the building frame dur-
ing a seismic impact, it is necessary to dissi-
pate the energy of the seismic impact, for 
which you can use both the plastic properties 
of the material of the load-bearing structures 
and the use of special seismic base isolation 
and energy dissipation devices. (1, 2).  This 
may also involve addressing the effects of a 
“soft story”, which could allow improvement 
of the frame’s dynamic parameters or its utili-
zation as an energy dissipation device. (3, 4). 
However, this approach requires the use of a 
moment frame in both planes of the column. 
For these purposes, a steel frame is best suit-
ed, which has sufficient strength and the pos-
sibility of prolonged residual plastic defor-
mation. In National Standards of various 
countries, box-section columns are recom-
mended for use in moment frame, while this 
requirement is mandatory in the Russian Fed-
eration. In Russian State Standard SP 
14.13330.2018 (including supplement 2-4) the 
following requirements for the moment 
frames: 
1) The cross section of the columns should be 
box-section or circular section; 
2) diaphragm plates should be installed in the 
columns at the level of the beam.  
Since the column has a closed cross-section, 
the main design problem is the installation of 
diaphragm plates in the body of the column. 

The existing concepts of design solutions for 
the frame moment connection of an I-beam 
and a box-section column used in Russia and 
abroad can be roughly divided into: 
1) Using a welded column (1, 5-11); 
2) Using elements as diaphragm plates outside 
the column cavity (5, 13-15, 18); 
3) Using an insert that breaks the column or a 
butt joint at the level of the upper belt of the 
beam (5, 12, 16-17); 
4) The use of special cast components (6, 18-
21) 
Most existing solutions involve many welds 
which reduce reliability under dynamic loads 
(22-27) or low temperature conditions (28). 
Solutions with fewer welds require special 
cast components. Since the Russian State 
Standard does not prohibit the butt joint of 
columns at the place where the beam is at-
tached, a butt joint of box-section column is 
considered in this work (with different cut 
shapes), which makes it possible to create a 
frame moment connection beam attachment 
unit at the butt joint that meets the require-
ments of Russian State Standard  of earth-
quake-resistant construction of the Russian 
Federation.  The essence of the butt joint is to 
reduce the welds in the moment frame of the 
I-beam and box-section column. It is assumed 
that such a column will be made of hot rolled 
square pipe and, due to this, it will be possible 
to do only factory full penetration weld joints 
of diaphragm plates, which will increase the 
reliability of the structure. (fig. 1). 
 



86 International Journal for Computational Civil and Structural Engineering

Step 1 consists in determining the maximum bend-
ing moment in the columns, total deformation and 
base shear without modeling the frame moment 
connection, representing it as a fixed joint, from a 
given artificial single-component accelerogram 
with a damping coefficient of 0.027. The material 
of steel structures is S345 steel, set by multilinear 
kinematic hardening model (fig.3). The calculation 
is carried out by direct integration of equation of 
motion in time into ANSYS Transient with geome-
try and physical linear and nonlinear, and also 
RSM in ANSYS Response Spectrum from re-
sponse spectrum plot based on accelerogram. The 
results are shown in the figures 4-6. 
 

 
 

Figure 3. Chart of properties row S345 at multi-
linear kinematic hardening 

 

 
Figure 4. Base shear single-story frame without modeling the frame moment connection 

 

 
Figure 5. Total deformations single-story frame without modeling the frame moment connection 

 

 
Figure 6. Maximum bending moment in the columns single-story frame without modeling the frame 

moment connection 
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Based on the calculation results, the following 
conclusions can be drawn: 
1) Linear calculation in time and RSM have al-
most identical results with an inaccuracy of 
about 1–2%. This indicates that the integration 
step and the Relay damping coefficients are set 
correctly; 
2) In the nonlinear calculation, the base shear 
decreased by 0.65 times, the maximum bending 
moment in the columns by 0.85 times, and the 
total deformation increased by 1.46 times. A 
decrease in bending moment and base shear in-
dicates that a plastic hinge appeared in the 
frame, which dissipated seismic energy, and an 
increase in deformation means that strong resid-
ual deformations occurred in the frame and the 

deformed frame further perceived the seismic 
impact; 
3) In the nonlinear calculation, the maximum 
stress in the columns is 328 MPa, therefore, the 
plastic hinge occurs only in the beam.  
Step 2. Before modeling solid-state frame mo-
ment connection for dynamic calculation, it is 
worth checking the suitability of their different 
variants by static calculation.  
Common to all considered joints is the connec-
tion of the beam to the column via a 25-mm-
thick flange using M16 studs with a pretension 
force of 90 kN. Diaphragm plates are installed 
internally at the level of the beam's flanges.  The 
results are shown in the table 1. 
 
 

 
 

Figure 7.  1 variant. Column with the meander outline: a – assembled butt joint, b-c – jointed parts, 
d – outline of the cut 

 

 
Figure 8. 2 variant. Column with a through-cut along the path: a – assembled butt joint, b-c – 

jointed parts, d – outline of the cut 

a b 

c d 

a b c d 
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Figure 9. 3-7 variants: a – 3 variant with a cut in the center, b – 4 the uncut variant, c – 5-7 vari-
ants (accordingly, 1-3 variants with the addition of side plates, flange thickness) 

 
Table 1.  The results of the static calculation of the variants of the head frame moment connection 

with a load on the beam 135 N m. 
 

N Butt joint Description 
Total 

deformatio
n, mm 

Max equivalent plastic 
strain, mm/mm 

Max equivalent 
stress in studs, 

MPa 
1 Meander outline 27,25 0,198 2412,6 
2 Through-cut along the path 35,17* 0,434* 3061,2* 
3 Cut in the center 56,78 0,312 4530,3 
4 Uncut 8,07 0,018 941,5 

5 Meander outline with the 
addition of side plates 8,36 0,020 1182,5 

6 
Through-cut along the path 

with the addition of side 
plates 

8,58 0,027 1359,8 

7 Cut in the center with the 
addition of side plates 9,59 0,053 1043,0 

The * sign means that there is no convergence on 135 N m, the values are shown on 121,5 N m 
 

 

  
 

Figure 10. Equivalent plastic strain variant 1: a 
– front, b – rear 

Variants 2-4 clearly demonstrate how different 
types of cutouts affect the work of joints 
without side plates. Variant 1 turned out to be 
the best, since in any direction of the bending 
moment there will be resistance to bending by 
one wall of the column.However, even with it, 
the maximum equivalent plastic strain go 
beyond the temporary resistance of steel. 
Variants 5-7, due to the additional plates, are 
already showing satisfactory performance. In 
terms of stiffness and strength parameters, vari-
ant 5 is closest to variant 4.  

a b c 

a b 
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Figure 11.  Equivalent plastic strain variant 2: 
a – front, b – rear 

 

  
 

Figure 12. Equivalent plastic strain variant 3: a 
– front, b – rear 

 

  
 

Figure 13. Equivalent plastic strain variant 5: 
a – front, b – rear 

 
 

Figure 14.  Equivalent plastic strain variant 6: 
a – front, b – rear 

 

  
 

Figure 15. Equivalent plastic strain variant 7: a 
– front, b – rear 

 
Step 3. In order to make sure whether the dif-
ference between options 1 and 5 is significant, it 
is necessary to perform a dynamic calculation. 
Let's look at 4 cases of frame moment connec-
tion modeling: 
1) shell FE uncut; 
2) solid FE uncut; 
3) solid FE with cut meander outline; 
4) solid FE with cut meander outline and non-
pretensioned studs. 
The results are shown in the figures 16-17. 

 
Figure 16. Base shear single-story frame with modeling the frame moment connection 
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Figure 17. Total deformations single-story frame with modeling the frame moment connection 

 
The graphs show how strongly the pre–tension 
of the studs affects the stiffness of the 
connection. The difference in total maximum 
deformations of 13.07 between solid uncut and 
with cut  is only 1.5%, and, as a result, plastic 
strain  after the earthquake increased by 12%. 
And with the variant non-pretensioning studs by 
13.23 s, the difference is 25.2%, and because of 
this, the difference in rplastic strain after an 
earthquake is 793%. 
The first example demonstrated that the butt 
joint with meander outline of hot rolled square 
pipe with 4 plates, compressed with studs a pre-
tention force of 90 kN, allows us to create an 
equally strong joint of a solid pipe and provides 
the necessary strength and stiffness for a frame 
moment connection. 
Second example – A 3-story hinged frame with 
a column pitch of 6m and a floor height of 6.6m. 
The columns are made from 350x13 rolled 
square pipe according to Russian State Standard 
GOST 32931-2015, beams of the 1st floor made 
of I-beam 30 1 according to Russian State 
Standard GOST R 57837-2017, 2nd floor made 
of I-beam 25 1, 3rd floor made of I-beam 20 1. 
At a distance of 0.5 m from the column, a mono-
lithic reinforced concrete floor slab is fixed at-
tached to the beam. A plastic hinge is expected in 

the beam. In addition to its own weight of the 
structure, a uniformly distributed mass of 350 
kg/m2 is applied to the slab (fig. 18). 
 

 
 

Figure 18. – Scheme of multi-story frame 
 
Step 1. Calculations are performed similarly to 
the first example, but using a three-component 
accelerogram of a real earthquake. The results 
are shown in the figures 19-23. 

0
40
80

120
160
200
240
280
320
360
400
440
480
520
560

0 10 20 30 40 50 60 70 80 90 100

TO
TA

L 
D

EF
O

R
M

A
TI

O
N

S,
 M

M

TIME, S

Shell FE
uncut

Solid FE
uncut

Shell FE with
cut

Shell FE with
cut, non-pre-
tension

Yurii S. Kost, Tatiana L. Dmitrieva



91Volume 21, Issue 2, 2025

 
Figure 19. Base shear multi-story frame in longitudinal direction without modeling the frame mo-

ment connection 
 

 
Figure 20. Base shear multi-story frame in transverse direction without modeling the frame moment 

connection 
 

 
Figure 21. Total deformations multi-story frame in longitudinal direction without modeling the 

frame moment connection 
 

 
Figure 22. – Total deformations multi-story frame in transverse direction without modeling the 

frame moment connection 
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Figure 17. Total deformations single-story frame with modeling the frame moment connection 
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Figure 23. Maximum bending moment in the columns multi-story frame without modeling the frame 

moment connection 
 
Based on the calculation results, we obtain a 
situation comparable to the previous example, 
with the exception of: 
1) A plastic hinge did not appear in the beam 
3rd floor; 
2) In the nonlinear solution, base shear de-
creased by 0.44 times in the longitudinal and 
0.36 times in the transverse directions, the max-
imum bending moment in the columns by 0.51 
times, and total deformation of the scheme de-
creased by 0.53 times. 
Step 2. Next, we form solid frame moment con-
nections models and perform their comparison 
by static calculation in ANSYS Static Structur-
al. Common to all considered joints is the con-
nection of the beam 30 1to the column via a 30-
mm-thick flange using M20 studs with a preten-
sion force of 90 kN. Diaphragm plates are in-

stalled internally at the level of the beam's 
flanges. Two variants are being considered: with 
one beam and with 4 (fig. 24). The results are 
shown in the table 2. 
 

 
 

Figure 24. 2 variants solid model frame moment 
connection

 
Table 2. The results of the static calculation of the variants of the floor-to -floor frame moment 

connection with a load on the beam 220   
 

N Butt joint Description 
Total 

deformation, 
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stress in studs, 

MPa 
1 Uncut, 1 beam 99,86 0,002 704,9 
2 Uncut, 4 beams 101,45 0,016 928,6 
3 Meander outline, 1 beam 99,25 0,002 718,9 
4 Meander outline, 4 beams 102,68 0,033 1533,7 
5 Through-cut along the 

path, 1 beam 99,22 0,004 924,8 

6 Through-cut along the 
path, 4 beams 103,06 0,048 1610,3 
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Table 2. Continued 
 

7 Cut in the center, 1 beam 99,76 0,003 970,2 

8 Cut in the center, 4 beams 103,08 0,044 1650,5 
     

The results show that in the floor-to-floor butt 
joint, the results are generally comparable with 
each other, but variant with a Meander outline is 
closer to the not cut variant. 

Step 3. Calculate the entire frame using a solid 
model with a meander outline. 

 

 
Figure 25. Base shear multi-story frame in longitudinal direction with modeling the frame moment 

connection 
 

Figure 26. Base shear multi-story frame in transverse direction with modeling the frame moment 
connection 

 

 
Figure 27. Total deformations multi-story frame in longitudinal direction with modeling the frame 

moment connection  
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Figure 23. Maximum bending moment in the columns multi-story frame without modeling the frame 

moment connection 
 
Based on the calculation results, we obtain a 
situation comparable to the previous example, 
with the exception of: 
1) A plastic hinge did not appear in the beam 
3rd floor; 
2) In the nonlinear solution, base shear de-
creased by 0.44 times in the longitudinal and 
0.36 times in the transverse directions, the max-
imum bending moment in the columns by 0.51 
times, and total deformation of the scheme de-
creased by 0.53 times. 
Step 2. Next, we form solid frame moment con-
nections models and perform their comparison 
by static calculation in ANSYS Static Structur-
al. Common to all considered joints is the con-
nection of the beam 30 1to the column via a 30-
mm-thick flange using M20 studs with a preten-
sion force of 90 kN. Diaphragm plates are in-

stalled internally at the level of the beam's 
flanges. Two variants are being considered: with 
one beam and with 4 (fig. 24). The results are 
shown in the table 2. 
 

 
 

Figure 24. 2 variants solid model frame moment 
connection

 
Table 2. The results of the static calculation of the variants of the floor-to -floor frame moment 

connection with a load on the beam 220   
 

N Butt joint Description 
Total 

deformation, 
mm 

Max equivalent plastic 
strain, mm/mm 

Max equivalent 
stress in studs, 

MPa 
1 Uncut, 1 beam 99,86 0,002 704,9 
2 Uncut, 4 beams 101,45 0,016 928,6 
3 Meander outline, 1 beam 99,25 0,002 718,9 
4 Meander outline, 4 beams 102,68 0,033 1533,7 
5 Through-cut along the 

path, 1 beam 99,22 0,004 924,8 

6 Through-cut along the 
path, 4 beams 103,06 0,048 1610,3 
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Figure 28. Total deformations multi-story frame in transverse direction with modeling the frame 

moment connection 
 
The results show that the variants cut and uncut are 
identical, but without pretension, the frame works 
differently and its total deformations are higher. 
 
 
CONCLUSION 
 
It has been found that a butt joint with the out-
line like a meander is equivalent to a solid col-
umn without cutout with 4 plates, compressed 
with studs a pretention force of 90 kN (fig.1), 
allowing calculations of entire design model 
without detailed modeling of the frame moment 
connection, simply by applying fixed joint of 
column and beam. Additionally, one advantage 
of this type of butt joint is its ability to solve the 
issue of installing diaphragm plates in the box-
section column body. 
It should be noted that the next stage of the 
study involves direct testing of the entire frame 
moment connection on the stand and further 
consideration of its individual factors and ele-
ments to determine their qualitative impact on 
its bearing capacity, namely the influence of: 
1) friction coefficient between steel plates; 
2) bolt or studs pretension values; 
3) the size of the amplitude and the rounding of 
the meander; 
4) the size of the gaps (tolerances) between the 
columns to be joined; 
5) the vertical distance between the intersecting 
bolts or studs 
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