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ABSTRACT: So far, a lot of research has been done on concrete-filled tubes (CFT) columns and their
connections in different countries and several alternatives have been proposed for their connections.
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However, most of the proposed connections are associated with executive problems and have not been
able to create rigid connection conditions. On the other hand, in these connections, the load enters the
concrete indirectly and the concrete core does not mobilize well against the applied loads. For steel
moment frames that columns are of CFT type, new and suitable methods have been proposed to improve

the behavior of their fixed connections. Among them are bidirectional bolted connections in this study;  Keywords:

the effect of strengthening this type of connection using haunch plated is surveyed. In these models, the .o ~pp o
main variables are haunch plates and column plate thickness. The results showed that by examining the
formation of the position of the plastic hinge, it could be said that in the model without the haunch plate,
plastic hinges and maximum strains are formed almost at the connection and on the face of columns.
In most models retrofitted by haunch plates, however, the location of the plastic hinge is in the off-

connection area, approximately 20 cm side of the column. It has been seen that the CFT connections

Local buckling
Haunch plate
Plastic strain

Plastic hinge
retrofitted by haunch plates, energy absorption has increased by 22.62% and the moment capacity

bearing has increased by 3%.

1- Introduction

During the occurrence of earthquakes in the last two
decades, significant economic and human losses have
occurred due to the collapse of structures [1-3]. So, extensive
studies have been conducted on the behavior of rigid flexural
connections in concrete-filled tube (CFT) columns under
cyclic loading over the past decades, which has resulted
in the development of new types of connections and the
establishment of relevant regulation [4]. Most current
studies on steel beam to concrete-filled steel tube column
connections with bidirectional bolts or other proposed
connections are based on analytical and experimental tests
and it has been shown that the bidirectional bolted beam-
to-column connection has excellent seismic resistance, and
this structural system can perform well as expected and be
put into practice [5-12]. Given the results of the previous
studies regarding fixed connections in CFT columns and
the existence of extensive studies in this regard, seismic
design regulations and connections will go through further
developments and evolution over the next decades, which
highlights the significance of conducting further studies
on CFT connections and their frames [13]. Although the
conduction of large-scale experiments might not be feasible
due to the limitation and shortage of experimental equipment
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as well as financial reasons, it appears necessary to conduct
further analysis and experimental studies in this field since
the finite element method does not perform a complete
simulation of seismic impacts, especially in the case of rare
carthquakes [14, 15].

The present study examines the effect of using haunch
plates in CFT connections by studying variables of haunch
plate and column plate thickness. The examination of these
variables mainly aims to obtain the extent of the haunch
plate’s effect on the models strain, the energy absorption, the
location of plastic hinges, and the moment-carrying capacity.

Methodology

In this study, Li-yan Wu et al.’s [6] beam-to-CFT-
column connection has been used as the validation model
to examine modeling validation by finite element modeling.
The aforementioned connection relates to a structure with a
span of 6m and a height of 3m. The beams were made out of
H-shaped steel with a grade of A36 steel and a cross-section
of H500* 200* 10* 16, and a plate in the size of 720 mm *
400 mm * 25 mm was welded to the end of the beam. A490
steel with a diameter of 30mm was used as the bolts. In order
to validate the finite element modeling, one of the connection
models (FSB-8) was modeled in Abaqus software based on
the conditions mentioned in Li-yan Wu et al.’s [6] study.
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The Solid element with eight nodes was used to model all
the elements of beams, steel tubes, triangular stiffener, flange
widening plates, and the end plate, the passing bolt, and the
concrete core in the model. The Von-Misses strain criteria
and considering the strain hardening were used to define the
mechanical properties of the steel and the plastic damage and
plastic failure criteria were used for concrete in the software
modeling. Since the present thesis is not concerned with
the examination of welding micro-behaviors, the optimal
welding condition (complete continuity and no rupture in the
weld during loading) was assumed, and the “Tie” constraint
was used in the loading model to model the connection of
the welding edges of all elements. The constraint of “Hard
Contact” was used to define the behavior of the surfaces
in contact with one another (passing bolt surfaces and the
concrete, screw surfaces and the steel cover of the column,
and the steel cover surfaces with the concrete core) [6].
The type of analysis selected for this model is a dynamic
analysis, and fixed support were defined at both ends of the
column. Linear continuous elements with reduced integration
(C3D8R) were used for mesh modeling (Figure 1).

Results and discussion

The moment carrying capacity has increased due to the
increase in plate thickness, so the model with a thickness of
16mm was 2.44% and 3% more capable in terms of moment-
bearing compared to the models with the thickness of 12 mm
and 8 mm, respectively. A comparison of the impact of adding
haunch plates on the performance of the models indicates that
the model without a haunch plate undergoes local buckling
approximately between 0.015 and 0.03 rotations. In terms of
moment-bearing capacity, the use of plates proved to increase
this capacity by 3%. Examination of the location of plastic
hinge creation indicates that the model without haunch plates
created a plastic hinge and maximum strain in the proximity
of the connection and side of the column, while most of the
models incorporating haunch plates created plastic hinges
outside the connection location and almost 20cm away from
the side of the column. Increasing the column plate thickness
has been revealed to be effective to some extent, and in higher
thicknesses, large increases in thickness bring about almost
smaller changes in moment bearing capacity. The use of thick
column plates has increased the load-bearing capacity by an
average of 20.7% compared to the models with no haunch
plates. A comparison of the models with a haunch plate with
the models lacking haunch plates indicates an increased
energy absorption of around 22.62%. The comparison of the
impact of column plate thickness increase in models with
haunch plates versus models lacking haunch plates indicates
an average of 93.7% increase in the amount of energy
absorption.

Conclusion

In this study, the effect of using reinforcing haunch plates in
the connections of steel beams to concrete-filled tube columns
of the type of bidirectional bolts in the form of variables of
haunch plate thickness and column plate thickness has been
investigated. The main purpose of these variables is to obtain
the effect of the haunch plate on the amount of stress, strain,
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Fig. 1. The final meshed model in Abaqus

energy absorption and bearing capacity of the samples. It has
been shown that increasing the plate thickness from 8mm to
12 and 16 mm increased energy absorption by 13.4% and 7%,
respectively. A comparison of the models with a haunch plate
with the models lacking haunch plates indicates an increased
energy absorption of around 22.62%. The model without
haunch plate created the plastic hinge and the maximum strain
around the connection and side of the column, while most of
the models incorporating haunch plates created plastic hinges
on the 20-50 cm side of the column.
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Table 1. Dimensional specifications of samples [10]

g (Mm) 9w zhaio Cwolsns (mm) B/t
FSB-6 400*400 6 66
FSB-8 400*400 8 50
FSB-10 400*400 10 45

b aigos Grlead 5 ghais (MM)
FSB-6 al H500*200*10*16
FSB-8 al H500*200*10*16
FSB-10 al H500*200*10*16
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Table 2. Material specifications [10]

ol
Lb‘\;g-o-' Sy Su Sy Eu
Mpa Mpa (%) (%)
FSB-6 337.5 427.0 0.19 28.0
FSB-8 337.5 427.0 0.19 28.0
FSB-10 337.5 427.0 0.19 28.0
7 Jb
aigai Sy Su €y Eu
Mpa Mpa (%) (%)
FSB-6 303.4 425.8 0.15 36.5
FSB-8 303.4 425.8 0.15 36.5
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Fig. 3. The final meshed model and the stresses created in the numerical model in general
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Fig. 4. Stresses in beams and bidirectional bolts in numerical model
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Fig. 5. Stresses in bidirectional bolts
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Fig. 6. Comparison of shear force-rotation curve of experimental and numerical models in Abaqus
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Fig. 7. The stresses in numerical model No:1
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Fig. 8. The shear force-rotation curve of numerical model No:1
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Fig. 9. The stresses in numerical model No:2
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Fig. 10. The shear force-rotation curve of numerical model No:2
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Fig. 11. The stresses in numerical model No:3
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Fig. 12. The shear force-rotation curve of numerical model No:3
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Fig. 13. Investigating the effect of increasing haunch plate thickness on the performance of numerical models
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Fig. 14. The stresses in numerical model No:4
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Fig. 15. The shear force-rotation curve of numerical model No:4
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Fig. 16. The stresses in numerical model No:5
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Fig. 17. The shear force-rotation curve of numerical model No:5
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Fig. 18. The stresses in numerical model No:6
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Fig. 19. The shear force-rotation curve of numerical model No:6
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Fig. 20. Investigating the effect of increasing column plate thickness on the performance of numerical models
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Fig. 21. Comparison of energy absorption of numerical models with different haunch plate thickness
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Fig. 22. Comparison of energy absorption of numerical models with different column plate thickness
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Fig. 23. Comparison of stresses created in numerical models with different haunch plate thicknesses
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Fig. 24. Comparison of stresses created in numerical models with different column plate thicknesses
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Fig. 25. Comparison of strain created in numerical models with different haunch plate thicknesses
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Fig. 26. Comparison of strain created in numerical models with different column plate thicknesses

el 04 St (g 2 1 g pia Bl Ve alold )3 Loy 5 JLua]

baiges 3,Slos > ygiw Gy9 Ceobrs Lioli8l 150 dwslie L-Y
Jols s 5o Loy Gliomale 5ys s 903 o 2900 sinlis
Cawl 04 mdge ileS jlad boly o/ 1 VD slalyed

Vo 5 W A5l Glasuale 5y5 Cwlbus Lili8l b gone Jas 5-F
2 ol a8l iol38lao 2 Vg o 3 WY (5l Gla iy e Lo
29l & B9 (9 Wges b slazale 35 (Sh sladiged duslie &9
ol aBl 3501581 0o )d YYIEY 0l Clo (6550 jlade lawgio

@ S o VW gt 3y9 Gl b K90 (o33 jlai 50
s o 2 VF/¥ g ) Lo, s 4 e luo Vo g VY slacwlsus
U dunlie Gygo jd &S Cuwl Jbs > pl g 00 (gyide (655 ol
agei b slazmle Gys b slaaised 15 (5t Gy Cles a8
bogia sk 4 (gt )9 Cabd (RlEIL 45 298 0 0aale (59 (9
ol 4Bl 501581 0o )d AYTY (g5 ) Gl e

o) sl o ol culbs Gl el Gy 8U-F
23 e tle O JIY. dlold )0 Lo, & g 009 daguive MolS” Sy

s © e et s el s K 5 S slie e
905 45 (5 y0b 4y 039y (¢ ydiny A (gl oMy 5,8 polde gt

ey

& 35 At =0

2 st laomale 5y jl edlatel (80 oy 4 S ol
Sy sbdy g9 5l o jload p laggie 4 (3V5 5 VL]
Wby gt §yg Cwles g laguale §)9 Celbs slapiie B
529 658 13U lime 0 y9] oy it cpl 5l Lol GBan sl o
baigad 5k Cudyl 9 (5l @l (IS (A i > sleomale
3 28 4 el Cony @l 415 3090 (sl pite gy | Am Bl o0
VI

Sl ety dasale 5y5 cuolius ilEl L goae a5l
Colies b ) ojled diged diges &S gy 4 .Cuwl adly iol58l Jlasl
9 VY slacwlbs 13 s LY o ¥ sladigel & Cons yiodee V7 (3)9
g 6l cudyls s lo 3 ¥ 5 0o d VIFY i 4 e Juo A
sl e

Dgai )3 &5 CiS (g o0 Sty hate Caxgo SIS ) LY
5 Seodhy bade (gt 5 Jlail oo )3 Ly slaomale 35 (9
ldiged 2l 53 4l o )3 oyl cosd LS5 pauiSTlo sla oS
Jak anb » Sy Jate JSi Jore gl 355 )b



[5] Gross, J. L., 2001, AISC Design Guide No. 12
Modification of Existing Welded Steel Moment Frame
Connections for Seismic Resistance, North American

Steel Constrction Conference; 2001.

[6] C.A. Cornell, F. Jalayer, O. Hamburger Ronald, A.
Foutch Douglas, Probabilistic basis for 2000 SAC federal
emergency management agency steel moment frame

guidelines, Journal of Structural Engineering, 128(4)
(2002) 526-533.

[7] O. Rezaifar, A. Younesi, Experimental study discussion
of the seismic behavior on new types of internal/
external stiffeners in rigid beam-to-CFST/HSS column

connections, Construction and Building Materials, 136
(2017) 574-589.

[8]J. Beutel, D. Thambiratnam, N. Perera, Cyclic behaviour
of concrete filled steel tubular column to steel beam

connections, Engineering Structures, 24(1) (2002) 29-38.
[9TL.-Y. Wu, L.-L. Chung, S.-F. Tsai, C.-F. Lu, G.-L. Huang,

Seismic behavior of bidirectional bolted connections for

CFT columns and H-beams, Engineering Structures,
29(3) (2007) 395-407

[10] L.-Y. Wu, L.-L. Chung, S.-F. Tsai, T.-J. Shen, G.-L.
Huang, Seismic behavior of bolted beam-to-column
connections for concrete filled steel tube, Journal of

Constructional Steel Research, 61(10) (2005) 1387-1410.
[11] J.-F. Wang, L.-H. Han, B. Uy, Behaviour of flush end

plate joints to concrete-filled steel tubular columns,

Journal of Constructional Steel Research, 65(4) (2009)
925-939.

[12] J. Wang, L. Chen, Experimental investigation of
extended end plate joints to concrete-filled steel tubular

columns, Journal of Constructional Steel Research, 79
(2012) 56-70.

[13] Y. Qin, Z. Chen, and X. Wang, Experimental
investigation of new internal-diaphragm connections to
CFT columnsu cyclic loading, Journal of Constructional
Steel Research, 98 (2014) 35-44.

[14] Y. Yu, Z. Chen, X. Wang, Effect of column flange
flexibility on WF-beam to rectangular CFT column

connections, Journal of Constructional Steel Research,
106 (2015) 184-197.

A€

B9 S ladiges 4 Cons gy (E5)S )b claale 3)9 (9
Db lazale

Sty 30 odd ool Jlasl ) (g (3y9 Cwlus kY
By Celes Gl 4 cuns 55l ol g )b cud)b Rl
d)b'g_:}l.\a.n J)SJ.A.C. % B)9 CaolBus u*"f" b 9 J)b Lg\d.:z:,,mlo
Dydso Jol>
Coles b 59 5l oolitul Oy 3 g 4l dgups Hlai 590 Jlasl 5, Sles
9 O A Cage e Byg Ol dlyer 4 (e e VF) YL
Ohlud Jials jolate 4 pismed 398 o Jlas] s Cud b il
e § S el Jlasl « Sy Juato Janl ¢ ied Y La]
9 o aw (el (Jlail (aoge Cogli b bl e Cogl (sla by,
Juasl (655 ol cslasuale 4ol 5l g pm 4 5 Sy Junto Jlas]
b il 36 (656 SHlegl 4

2 ikl jogasdl e g ooe Sldlhs pbul a5 ol gt
By 5 13505 JueST 5 gadg0 pl deldl 4 SLLE S8 Wl o dise oyl

Do B L5b) kg,

&bo

[1] M.Banazadeh, H. Parvini Sani, M. Gholhaki, Decision-
making analysis for seismic retrofit based on risk
management, Asian Journal of Civil Engineering, 14(5)
(2013) 735-746.

[2] H. Parvini Sani, M. Gholhaki, M. Banazadeh, Simplified
direct loss measure for seismic isolated steel moment-
resisting structures, Journal of Constructional Steel
Research, 147 (2018) 313-323. [3] H. Parvini Sani,
M. Gholhaki, M. Banazadeh, Seismic performance
assessment of isolated low-rise steel structures based on
loss estimation, Journal of Performance of Constructed

Facilities, 31(4) (2017) 04017028-1:9.

[4] D.Zhang, J. Zhao, Y.Zhang, Experimental and numerical
investigation of concrete-filled double-skin steel tubular
column for steel beam joints, Advances in Materials
Science and Engineering, Special issue: Sustainable

Building Materials and Technologies, 2018 (2018)
6514025.



moment-rotation relation for steel beam to CFST column
connections with bidirectional bolts, Engineering

Structures ,196 (2019) 109374.

[22] A. Parvari, S.M. Zahrai, S.M. Mirhosseini, E. Zeighami,
Numerical and experimental study on the behavior of
drilled flange steel beam to CFT column connections,

Structures, 28 (2020) 726-740.
[23] X.T. Wang, C.D. Xie, Y. Luo, J.P. Zhang, Experimental

and analytical investigation on post-tensioned beam-to-
CFST column connection using wedge-shaped devices,
Journal of Constructional Steel Research, 169 (2020)
106052.

[24] Y.F. Li, S.H. Chen, K.C. Chang, K.Y. Liu, A constitutive
model of concrete confined by steel reinforcements and

steel jackets, Canadian Journal of Civil Engineering,
32(1) (2005) 279-288.

[25] L.-H. Han, W. Li, R. Bjorhovde, Developments and
advanced applications of concrete-filled steel tubular
(CFST) structures: Members, Journal of Constructional
Steel Research, 100 (2014) 211-228.

[26] Y. Qin, Z. Chen, Q. Yang, K. Shang, Experimental
seismic behavior of through-diaphragm connections to

concrete-filled rectangular steel tubular columns, Journal

of Constructional Steel Research, 93 (2014) 32-43.

[15]Y.-F. Yang, C. Hou, C.-Y. Meng, L.-H. Han, Investigation
on square concrete filled double-skin steel tube (CFDST)
subjected to local bearing force: Experiments, Thin-

Walled Structures, 94 (2015) 394-409.

[16]J. Wang, N. Zhang, S. Guo, Experimental and numerical
analysis of blind bolted moment joints to CFTST
columns, Thin-Walled Structures, 109 (2016) 185-201.

[17] M. Zeinizadeh Jeddi, N.H. Ramli Sulong, Pull-out
performance of a novel anchor blind bolt (tubebolt) for
beam to concrete-filled tubular (CFT) column bolted
connections, Thin-Walled Structures, 124 (2018) 402—
414.

[18] M.M. Ahmadi, S.R. Mirghaderi, Experimental studies
on through-plate moment connection for beam to HSS/
CFT column, Journal of Constructional Steel Research,
161 (2019) 154-170.

[19] N. Fanaie, H.S. Moghadam, Experimental study of rigid
connection of drilled beam to CFT column with external

stiffeners, Journal of Constructional Steel Research, 153
(2019) 209-221.

[20] X. Li, T. Zhou, J. Li, X.-B. Kuang, Y.-W. Zhao, Seismic
behavior of encased CFT column base connections,

Engineering Structures, 182 (2019) 363-378.
[21] G. Zhou, Y. An, D. Li, J. Qu, Analytical model of

DOI: 10.22060/cee;j.2021.19137.7082

Kh. Ghanbari Soumeha, H. Parvini Sani, Investigation of the effects of Retrofitting the Con-
nection of Steel Beam to Concrete-Filled Steel Tube Column with Bidirectional Bolts by
Haunch plates, Amirkabir J. Civil Eng., 54(3) (2022) 885-906.

w3 gl sl o ol 4 g

Q.0






