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Investigation of seismic behavior of bracing connection to box column made of
sheet in special braced frame systems

S.A. Razavi, M. Hashemi

Abstract

This study investigates the behavior of the box column at the connection to the brace gusset plate in concentrically
braced frames (CBFs). In these frames, braces act as fuse elements, and their axial deformation results in buckling and
nonlinear behavior and energy dissipation within the system. However, if the box column face deforms or buckles due
to the force exerted by the brace, it disrupts the brace's functionality, preventing the frame from experiencing plastic
phase and absorbing seismic energy. The aim of this research is to analyze and evaluate the performance of the box
column face under cyclic forces, propose suitable details for brace-to-box-column connections, and provide
recommendations for their design. To achieve this, previous studies were reviewed, and a 15-story residential building
with special concentrically braced frames and box columns was modeled. Subsequently, seismic design of brace
connections was performed, and the connections, along with the frame, were analyzed using Abaqus finite element
software. The results indicate that incorporating stiffener plates at the gusset plate-to-column connection point
enhances the frame stiffness and energy absorption capacity. Additionally, vertical stiffener plates demonstrated
superior performance compared to horizontal ones. Finally, practical details for improving the connection's behavior
were proposed and aligned with standard construction practices. This research employed theoretical and practical
approaches based on finite element analysis.
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46.48% 5352% g6y, 22561 302559  653% 1642 267.84 1235 3307.86  S2-MD-H 15
38.77%  61.23% - - 318,550 . - 22756 1235 281033  S2-OD 16
4044%  59.56% 10230, 32578 351,128  13.30% 3027 257.83 1235 318418  $2-OD-V 17
40.13% 5987%  g739 27796 346345 11.68% 2658 25414 1235 313864  S2-OD-H 18
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wre e = Lo
Gom il Sl Sl AE Di;;;igd Qb;a AK K. A F. e 3,
i S Sl (KN.m) (KN.m) N (N/m)  (N/m)  (mm) (KN)

o 5 i
Sﬁfl 4%)059 - - 220,436 - - 25132 12.78 13%)13 $3-HD 19
5?%62 42}5’8 976% 21,507 241,943  191% 481  6.13°2 1278 33231 S3-HD-V 20
5?))075 4?%25 13%14 28969 249,405  1.74% 436 25569 12.78 ;ég $3-HD-H 21
4%237 51%13 . - 205,497 - - 23369 12.78 62.%? $3-MD 22
4?))34 5%26 12025 26621 232,119  4.67% 1092 24462 12.78 63222 $3-MD-V 23
4?))035 5%)065 1302)6 26836 232333  3.63% 848 24218 1278 ;%‘; $3-MD-H 24
45%75 5‘,}%25 - - 188,047 - - 21272 12.78 5?3 $3-0D 25
4?))036 530)064 15’%21 28597 216,644  2.28% 486 21758 1278 3.76? $3-0D-V 26
4?»)01 2 530)?8 Ziff’ 48,621 236,668 1%%11 2364 23636 1278 03.%% $3-0D-H 27

Js e
e ~ = - RPN
S, 0 §l degflar ol ks AE Dissipated B AK K. A, B Ay
i ) Energy S s Fa (KN)
Sr e S @ gl T m) N/ ()

s S5
38.18% 61.82% - - 208,183 - - 19407 1235 239673  S4-HD 28
3987% 60.13% 75600 15744 223927  7.52% 1459 208.66 1235 257693  S4-HD-V 29
39.34% 60.66% 560, 13659 221,841  676% 1311 20718 1235 2558.69  S4-HD-H 30
36.84%  63.16% - - 194,858 - - 17993 1235 222214  S4-MD 31
3865% 6135% 960% 18714 213,572 10.82% 1946 199.39 1235 246249  S4-MD-V 32
38.59% 6141% 7389 14381 209,239  10.10% 1817 19810 1235 244649  S4-MD-H 33
28.86% 71.14% - - 192,063 - - 14752 1235 182185  S$4-0D 34
30.80% 69.20% 15039 28862 220,925 19.74% 2912 17663 1235 218143  S4-OD-V 35
3067% 6933% 10879 20,868 212,930 17.75% 2618 17370 1235 214523  S4-OD-H 36

Js s
U e e o) X
Sl e St aE DiEsrslieprgfd ;A;:-‘ AK i B g (RN) R =
Sa G Sl KNm) T N/m) (Nm) (mm) T
o s <

39.75%  60.25% . - 238,681 - - 21770 1278 278220  S5-HD 37
4085% 59.15% G329, 15092 253773  529% 1152 22922 1278 292939  S5-HD-V 38
4031%  59.69% 4230, 10,106 248,787  4.36% 949 22719 1278 290354  S5-HD-H 39
383%% 6L61% . - 216,997 - - 20162 1278 257675  S5-MD 40
4042% 59.58% 6.22% 13,506 230,503  7.62% 1537 21699 1278 2773.19  S5-MD-V 41
40.13%  5987% 7689 16672 233,668  6.35%  12.80 21443 1278 274036  S5-MD-H 42
3027% 69.73% . - 217,830 - - 16406 1278 209669  S5-OD 43
325%  675% 0809 1,740 219,570  1095% 17.97 18203 1278 232630  S5-0D-V 44
322%  678% 4399, 9557 227,388  11.12% 1824 18230 1278 2329.76  S5-OD-H 45
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