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Abstract: Problem statement: Moment Resisting Frame (MRF) is widely used asrkdtresisting
systems when sufficient ductility and deformabildye to be met. Response of these structures is
strictly dependent upon behavior of their jointhieneas the analysis of steel moment resisting fsame
generally has been performed without considerirgg abcurate connection behavidwpproach: In

this study Finite Element (FE) models had been logesl to obtain the moment-rotation relations of
theoretically fixed connection types which were @&hid utilized in Iran. Using moment-rotation
relation obtained from FE analysis, 2D global gl model of MR buildings were developed
afterwards to evaluate the behavior of the strestlobally. Nonlinear static and dynamic analyses
were carried out subsequently to investigate thecttral behavior of MRFs having built-up column
sections.Results: The results proved considerable effects of bealmnuo connection behavior on
nonlinear response of structur€nclusion/Recommendations: It was recommended to consider the
effects of connection properties in analysis argigteof the MRF.

Key words: Steel moment resisting frames, beam-column cororecenergy dissipation, built-up
section

INTRODUCTION developed to forecast their inelastic responsesis;,Th
this study tries to investigate the inelastic béhaof
Steel Moment Resisting Frame is a structuralthe built-up connection types.
system in which beam-column connections are made
with fully restrained joints, thus allowing the fieral  Existing analytical models:
stiffness and flexural strength of the frame memider Linear centerline model: To design structures or
resist lateral loads. This system provides thecsire  €valuate the performance of existing buildingsrehie
with excellent ductility, making it ideal to be @ need to review two criteria, namely, strength of
constructed in seismic active areas. members and stiffness of the buildings. The linear
In the 1994 Northridge earthquake, however, early#lastic model using the central line model is sutdor
britle fractures in beam-column connection aread€SigNIng a steel moment resisting frame. Althotrgh
occurred, causing significant damage. Thus, variou&'0d€! shows suitable results for design purposes, i
American engineering institutions ~ conducted cannot accurately fore_cast the dlstnbutlon_ of the
. . inelastic member forces induced by the dynamic.load
experimental research on the behavior of steel mbme
connection and developing analytical modeling ) _ )
techniques and new design methods (Kiral., 2002).  Elastic model with panel zone: Figure 1 shows the
Commonly, In IRAN, the built up sections are SCissors model, which includes a panel zone. Ia thi
constructed for columns and beams; however, retevanodel, beams and columns are connected via righ li
connection types exhibit different behavior compagri in a panel zone and the crossroad hinge is corthee
to connections made of box or W sections (Kimal., & spring with the stiffness of the panel zone. Sitiis
2006). Experimental research on inelastic behasfor model contains dimension and stiffness of the panel
these connections has not been conducted sufficient zone, it forecasts more accurately the distributign
furthermore, proper analytical modeling techniqtms shear forces, flexural moments and axial forces in
the design purposes have not been appropriatelyomparison with first model.
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Nonlinear centerline model: This nonlinear-inelastic
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Fig. 2: Simple analytical
connection

modeling of the moment

Nonlinear model with panel zone: The nonlinear
analytical models, which include panel zones, are
categorized into three techniques. The first magléhe
scissors model in Fig. 1, containing nonlinear prop

for a spring element. The second one, shown in Eig.
uses two springs with panel zone's stiffness amd th
average strength of the panel zone and the beams.
Although this model can express stiffness and gtren
of the panel zone, it cannot accurately expresshiesr
deformation without expression of the accurate
dimension of the panel zone. The third model
developed by (Foutch and Yun, 2002; Krawinkler,
2000) models a panel zone into 8 rigid elements.

Characterigtics of analytical beam-column connection
elements. Previously, since a moment connection would
be expected to show sufficiently ductile behavior,
analysis would be carried out using the momentimta
curve shown in Fig. 2. Since the 1994 Northridge
earthquake caused early brittle fractures in théded
parts of moment connections. However, SAC Joint
Venture has conducted experiments and research on
moment connections (Kiret al., 2002). As such, it was
observed that inelastic behavior in a moment caiorec
was classified into: A yielding fracture in the waielg

model is also useful in assessing the behavior oérea and reduced strength.

existing buildings. To conduct nonlinear analysigmst

Accordingly, SAC developed the new beam

commercial programs, as shown in Fig. 1, connectonnection ideal relations shown in Fig. 3 to mdtiel

springs having nonlinear
properties of beams and columns.

features with sectionperformance of moment connections (FEMA 356,

2000). These moment-rotation diagrams characterize

Analytical modeling techniques for beam-columnsome major parameters which are initial stiffness,

connections in steel frame structures are categpbris
follows (Foutch and Yun, 2002).

38
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MATERIALSAND METHODS Fig. 6: Von-misses stress induced in connections
Modeling and analysis: The moment connection types ]
used in Iran are shown in Fig. 4. Finite element 1]
analyses under monotonic loading were performed to
attain the moment-rotation curve.

First model is analogous to experimental model
which utilized welded cover plate to column flange
plug (Fig. 1-5). The second model which is invesigl
in this study eliminates cover plate and use middle
profile within two other columns at location of ea
column joint (Fig. 2-5). Properties of these coriters \
are described in Table 1. 06 0ol 002 003 004 005 006 007 008 009 01

The result of finite element analysis (Von-misses Conpection otation (RAD)
stress distribution) is shown in Fig. 6. The moment Fig. 7: Moment-rotation relationships of connection
rotation relations of the two connection types are types
provided in Fig. 7.

= 2IPE 180+PL200x12
= 3IPE 180

4 At Beam line~ ¢

Connecion moment (T.m)

Table 1: Connection models properties

oL . i R Model  Beam Column Top plate Bott. plate

Degree of rigidity: Initial stiffness and rigidity are two no. (sec) (sec) dim. (cm)  dim. (cm)
of the most important factors which characterizel 2IPE180 2IPE180+PL200x12  50x14x1.2  50x20x1.0
2IPE180 3IPE180 50%x15x1.5 50x20%1.2

connection behavior. When the rigidity was higHtnamt
90%, it is possible to assume that the connecsidally e 2: connection models capacities

restrained (AISC, 2005). Thus second model which hayogel  column Yielding Ultimate rotation
rigidity equal to 96% has been classified as rigidno. (sec) rotation (rad.)  (rad)
connection while the rigidity of first model is abst 1 2IPE180+PL200x12 0.00275 0.0340

87%. 2 3IPE180 0.00200 0.0225
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The yielding rotationf(), strength and ultimate Nonlinear dynamic analysis. Nonlinear dynamic
rotation @,) of connection could be extracted from analyses were performed on the models to investigat

moment-rotation curve as shown in Table 2. the dynamic behavior of buildings having fracturing
connection models.
RESULTS As shown in Fig. 9, dynamic time history

responses of the models are analogous at iniaalest
To evaluate the performance of buildingsitigv of the analysis. Sudden significant ground accttara
these 2 connection types, two 5 story buildirgdet  however, caused fractures in the proposed model's
were analyzed. Fundamental periods of each model fgonnections (2nd) and thereby, a totally differémte
the moment frames 1 and 2 are 1.39 and 1.31 sqgstory from that of the first model was observed.
respectively. A rotational spring is introducedvise¢n Energy dissipation is a mechanism by which a
the beam and column to model the beam-columiyciyral element (connection) does ‘work' againet

connections. In this study, _nonlinear finite elemen_work done by input cyclic loads (earthquake). The
program OpeqSees (Mazzom_ and Mackenna, 1.999) Fmount of energy dissipation can be attained bynsiea
used to investigate the behavior of the structuct its

of calculating the area within the hysteresis loofise
components. o :

sum of all enclosed areas within the loops provides
cumulative hysteretic energy dissipation and itidde
arguably assumed as a suitable measure to evdhete
efficiency of models performance. Comparative gsaph
showing the cumulative hysteretic energy dissipatio
for all models are given in Fig. 10. It is showratth
model no.1 exhibits greater energy dissipation.

Nonlinear static analysis. To conduct a nonlinear
static analysis, the inverted triangle lateral load
distribution has been applied on the structuresusigg
displacement-controlled pushover analysis, theceffe
of over-strength and P-delta could be observed.

As shown in Fig. 8, prior to fracture occurrenoe i
the connections, two analytical models showed aimos
the same behavior. However, the stiffness of firatlel L2 - - 3IPE 150
is lower than that of the second model; when the ; — 21PE 180+PL
fracture is encountered in a connection, strengttine
second model declined faster than that of the first =
model.

In evaluating ductility of the structure, the area
enclosed by base shear-roof drift curve may beedtl

Time (sec)

Digplucement [m})
]
-

In case of the proposed model, the area beneathate 43
shear-roof drift curve was observed to deterionatéch 07
indicates lower energy absorption ability (Fig. 8 g 3 = A4 JF N &

such, connection fractures (connection capacityg s
marked impact on the behavior of moment resistingrig. 9: Time history response of 2 MRF types
frames.
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DISCUSSION

Built-up moment connections in steel moment
resisting frames may not provide sufficient rigydit
Thereby, it is necessary to use special arrangerient
increase rigidity of their connections.
model increased degree of rigidity considerably.

CONCLUSION

This study by reviewed the commonly-used

Kim, T., A.S. Whittaker, A.S.J. Gilani, V. Berteand

S.M. Takhirov, 2002. Cover plate and flange plate
reinforced steel moment resisting connection. J.
Struct. Eng., 128: 474-482. DOl:
10.1061/(ASCE)07339445(2002)128:4(474))

The pragabs Kim, M.H., M.H. Oh and S.M. Kim, 2006. Analytical

modeling and nonlinear analysis of beam-column
connection in steel moment resisting frame. J.
Asian  Archit. Build. Eng., 5: 309-316.

http://direct.bl.uk/bld/PlaceOrder.do?UIN=202555

893&ETOC=RN&from=searchengine

connection model in Iran and proposed a new modeKrawinkler, H., 2000. State of art report on system

consistent with Iranian moment connections.
Furthermore, to compare the behavior of the entire
structural system, nonlinear static and dynamidyaea
were performed. The following conclusions can be
drawn:

* Iranian moment connections which designed based
on Iran seismic Code provide sufficient ductility
but inadequate rigidity. The special arrangement
which was proposed in this study increased rigidity
of connection appropriately

* To characterize the effects of Iranian moment
connection on structural response; nonlinear static
analyses of 5-story structure were conducted. There
was strength deterioration in the proposed model
after fracture occurred

* Moreover, nonlinear dynamic analyses were
conducted. The energy absorption of the proposed
model was almost 15% lower than that of the first
model. One could select appropriate connection
details based on design objectives
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