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The brittle failure of the weld in the beam-to-column connection and the lateral buckling of the beam  Accepted: Jul. 24, 2021

flange in the reduced sections of the beam flange led to propose the modified forms of this type of Available Online: Aug. 05, 2021
connection. The new type of connection includes drilled flange connection with parallel rows of holes. In

ABSTRACT: Since unreinforced welded connections were brittle and prematurely fractured in the
connections of the beam-to-column penetration welds in the 1994 Northridge earthquake, the researchers
proposed radius-cut flange reduction connections to improve the seismic behavior of rigid connections.

order to improve the performance of these drilled flange connections, in this study, beam flange drilling  Keywords:

arrangements were used with an inclined arrangement of holes with different hole diameters. The study .11 Flan ge Connection (DFC)

showed that in the inclined arrangement of a hole, the amount of plastic rotation is 0.059 radians, which L
. . . . . . . with inclined arrangement of holes
is 7.3% more than the plastic rotation of the same radius-cut flange reduction connection. Also, in the

best connection sample with the most suitable oblique drilling arrangement, the equivalent plastic ~CYclic Behavior

Equivalent Plastic Strain Index

(EPEQI)

strain index in the center and corner of the complete joint penetration weld line decreased to 92.3% and
87.7%, respectively, compared to conventional radius-cut flange reduction connections. Mises index
in this connection in the center and corner of the complete joint penetration weld line decreased o pressure Index (PI), Mises Index
45.5% and 39.9% compared to radius-cut flange reduction connections, respectively. This indicates (MI)

better performance and less sensitivity of this type of connection to the problems of the complete joint

penetration weld line of the beam-to-column connection compared with conventional radius-cut flange

reduction connections and these drilled flange connections with the parallel arrangement.

1- Introduction

Steel buildings with rigid connections were severely
damaged in the 1994 Northridge ecarthquake. Many
researchers identified these damages caused the brittle
weld behavior of steel moment frame connections due to
multiaxial stresses in the near area of the beam-to-column
connection [1, 2]. Han et al. [3] investigated the cyclic
behavior of a direct beam-to-column connection with bolt
connection. Yang and Popov [4] used the circular holes in
the beam flange to reduce the stress in the beam-to-column
connection by reducing the cross-section of the beam flange.
Farrokhi et al. [5] tested rigid connections with drilled cover
plates. They used 30 analytical models as well as three
experimental specimens. They considered I shaped built-
up columns in analytical models. Vetr [6, 7] et al. tested
the seismic performance of drilled beam flange connection
with regular two parallel rows under cyclic load. Lee et
al. [8] investigated the seismic behavior of reduced cross-
section connections by four full-scale laboratory samples
and proposed four different drilling beam flange patterns.
Atashzaban et al. [9] investigated damage parameters such
as equivalent plastic strain, triaxiality index, and rupture
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index in the numerical FEM for direct beam-to-column
connection with two parallel rows circular hole in beam
flange. Rahnavard et al. [10] studied the nonlinear behavior
of the drilling beam flange connections with numerical
analysis of eight finite element models with two-row
arrangement of holes in beam flange connections. Ahmady
Jazani [11] showed that the drilling beam flange connection
with different holes diameters could absorb more energy
compared to the connection with similar holes diameter.
Shadman Heidari et al. [12] presented new drilled flange
connections with combined arrangements of holes and
notches. They studied two experimental specimens and 24
numerical models. Among the studied arrangements (i.c.,
WUF, RBS, DFCs with inclined, parallel, and combined
notches and holes drilling patterns), CDFC with combined
notches and holes drilling patterns performed better than the
other connections, remarkable reductions of damage indexes
were observed in connection. In this research, to improve the
seismic performance of reduced beam section connections
used hole drilling in two parallel rows. The cyclic behavior
of the connection improved by preventing local buckling
and premature failure in the distance between the holes
and the proper arrangement of the beam flange holes. For
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Fig. 1. Determination of the location of holes and their diameters

this purpose, beam flange drilling arrangements were used
with an inclined arrangement of holes with different hole
diameters. The plastic strains are distributed extensively in
the beam flange with an inclined arrangement of holes and
prevent the concentration of stress and premature failure of
the areas between the holes.

2- Methodology

In this study, the seismic behavior and damage index
was studied for parallel and inclined arrangement of holes
in beam flange connections. The plastic strain distribution
in the beam flange can be changed appropriately by
changing the beam flange drilling arrangement. In drilling
patterns used two parallel and inclined drilling rows in the
longitudinal direction of beam flanges with diameters of 20,
25, 30, 40, 45, 50, and 55 mm which are 18%, 23%, 27%,
36%, 41%, 45%, and 50% decrease in cross-sectional of the
beam flange respectively. The distance of the nearest hole
to column face (a) and the length of the reduced section (b)
were met the following provisions per the American national
standard of AISC358-16 [13]:

0.5h, <a<0.75h, (1)

0.65d,<b<0.854d, @

The important damage indexes for evaluating the
performance of moment resisting frame connections
including equivalent plastic strain index (EPEQI), Pressure
index (PI), and Mises index (MI) have been proposed by EL-
Tawil et al. [14].
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3- Results and Discussion

The amount of cross-sectional plastic rotation in the
proposed connection DFC7 sample is equal to 0.059 radians,
which is 7.3% higher than the conventional RBS connection
plastic rotation. The maximum resistance increase of 22.2%
occurred in the connection of the DFC7 sample compared
to the equivalent RBS connection. The maximum and
minimum stiffness values are calculated for WUF and RBS
samples, respectively. Also, the highest and lowest values
of ductility coefficient are obtained for RBS and DFC3
samples, respectively. In the connection of the DFC7 sample
decreased, the equivalent plastic strain index occurred in
the center and the corner of the complete joint penetration
weld line compared to other connections. The highest and
lowest values of the equivalent plastic strain index around
the hole occurred in DFC8 and DFC1 samples, respectively.
The proposed connection of the DFC7 sample has the highest
value of 0.43 for the Pressure index in the corner of the weld
line of the beam-to-column connection, which indicates
the proper ductility of this connection compared to other
proposed DFC connections. In the connection of the DFC7
sample, the largest decrease in the Mises index occurred in
the center and the corner of the complete joint penetration
weld line compared to other connections. Also, the Mises
index decreased in the center of the weld line 45.5% and in
the corner weld line 39.9% conventional RBS connection.

4. Conclusions

A significant reduction in equivalent plastic strain
occurred in the center and corner of the complete joint
penetration weld line of the beam-to-column connection
in the DFC connections compared to the RBS connection.
The proposed connection DFC7 sample with the inclined
arrangement of holes in beam flange from a small diameter to
a large diameter above the face column occurred a significant
reduction of the equivalent plastic strain index on the weld
line; also appropriate distribution of plastic strains happened
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between the beam flange holes due to the creation of diagonal
paths between the holes compared to other connections.
Increasing the values of Pressure index in the complete joint
penetration weld line of the beam-to-column connection
indicated the increase of local ductility of the weld line in
the DFC7connection compared to the conventional RBS
connection. Also in the DFC7 sample connection significantly
reduced Mises index on the center and corner of the complete
joint penetration weld line of the beam-to-column connection.

References

[ITN.F. Youssef, D. Bonowitz, J.L. Gross, A survey of
steel moment-resisting frame buildings affected by the
1994 Northridge earthquake, US National Institute of
Standards and Technology, 1995.

[2] E.P. Popov, T.-S. Yang, S.-P. Chang, Design of steel MRF
connections before and after 1994 Northridge earthquake,
Engineering Structures, 20(12) (1998) 1030-1038.

[3]S.W. Han, G.U. Kwon, K.H. Moon, Cyclic behaviour
of post-Northridge WUF-B connections, Journal of
Constructional Steel Research, 63(3) (2007) 365-374.

[4] Tzong-Shuoh Yang, E.P. Popov, experimental and
analytical studies steel connections and energy
dissipators, Earthquake Engineering Research Center
College of Engineering University of California at
Berkeley, Report No. UCB/EERC-95/13 (1995).

[5]H. Farrokhi, F. Danesh, S. Eshghi, A modified moment
resisting connection for ductile steel frames (Numerical
and experimental investigation), Journal of Constructional
Steel Research, 65(10-11) (2009) 2040-2049.

[6] M. Vetr, A. Haddad, Study of drilled flange connection
in moment resisting frames, in: Report No. 3732,

International Institute of Earthquake Engineering and
Seismology Tehran; Iran, 2010.

[71M. Vetr, M. Miri, A. Haddad, Seismic behavior of a
new reduced beam section connection by drilled holes
arrangement (RBS _DHA) on the beam flanges through
experimental studies, in: 15th world conference of
earthquake engineering, Lisbon, Portugal, 2012.

[8]S.J. Lee, S.E. Han, S.Y. Noh, S.-W. Shin, Deformation
capacity of reduced beam section moment connection
by staggered holes, in: International conference on
sustainable building, Seoul, Korea, 2007.

[9] A. Atashzaban, I. Hajirasouliha, R.A. Jazany, M. Izadinia,
Optimum drilled flange moment resisting connections
for seismic regions, Journal of Constructional Steel
Research, 112 (2015) 325-338.

[10]R. Rahnavard, A. Hassanipour, N. Siahpolo, Analytical
study on new types of reduced beam section moment
connections affecting cyclic behavior, Case Studies in
Structural Engineering, 3 (2015) 33-51.

[I1]R.A. Jazany, Improved design of drilled flange (DF)
moment resisting connection for seismic regions, Bulletin
of Earthquake Engineering, 16(5) (2018) 1987-2020.

[12]PS. Heidari, A. Aziminejad, A. Moghadam, M.A.
Jafari, Evaluation of drilled flange connections with
combined arrangements of holes and notches, Bulletin of
Earthquake Engineering, 18(14) (2020) 6487-6532.

[13] AISC358-16, Prequalified connections for special
and intermediate steel moment frames for seismic
applications, in, American National Standard and
American Institute of Steel Construction, 2016.

[14]S. El-Tawil, T. Mikesell, E. Vidarsson, S.K. Kunnath,

Strength and ductility of FR welded-bolted connections,
SAC Report, (1998) 98-01.

HOW TO CITE THIS ARTICLE

Eng., 54(1) (2022) 67-70.

DOI: 10.22060/ceej.2021.18755.6955

P. Shadman Heidari, A. Aziminejad, A.S. Moghadam, M. A. Jafari, Investigation of seismic
behavior of drilled flange connection with inclined arrangement of holes , Amirkabir J. Civil

69






	Blank Page - EN.pdf
	_GoBack




