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Fig. 1. Different methods of connection modeling (a) Rigid element modeling (b) EI-Metwally and Chen model [3] (c)
Kunnath et al. model [4] (d) Adibi et al. model [5]
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YA

5 ody s Shae @yl ow (Coplis (s - L
lsl @l S n cd b s g5 a8
e Ot 4 0 SV gloy ) 5 Shae a8 das o OLES
ol esed [12] 35l 5 VLAl ple 4 Cd sl
dlas s oVl LS 5 ey dsde 55 iags
Sloses Sladss cpl s el sl w3 S S84 50 sl
5 Ceslie (B Sl gt S Kl e Ol K
ol e e pl 3 aopl Sl AL Jlasl gy S
=l oVl AT gl pod 5l 5 eslizul L o
5 Sl ol gl ) Sk, Sl 558y s (oY g
G Je sl s T el OT 53 ol glae
BRGNS g5 ol s Sk, 055 Bl gl 5 S
03503 0,8 (gl 5 555 o &, Opensees lsdle BESES
AL ks S, Sl gade Jde ol Slasiie
03 s3bedde ooyl Cue (ntege el sl eslinad
on 3 Sledhe gl Bl 5,13 S Sl B 8 b
B N T 3V VLl gloy ) oL,



O 5 gl AL

3V Lo OVl a2 5 (¢l ﬂ.l._vmwu" ©3de Jde 41|

S g SU Gys b Jlasl -V

o 53 w3386 5 e cppm ARleT adlas s
Gos SaS & 63V Vsl b3l ) 0 YT
S el L ol Jlasl Gy 5 5 Sl 5 SBsS
sl

Gus slul 5wl pandd G5 uu kb s dlasl cpl s
Sl ¥ S A B AL 2hy 5 o 5l AL el
(8 JS2) 53wl B S

[13] Sl 5 SBp Gos b dlall Sl £ JKS

Contimuity plate

‘Bottam Henge plete
should be welded befare
volumn ereclion in
horizontal position

Fig. 4. Connection details with upper and lower plates [13]
g o ool (g s, Bos 3l 5 SBB ASu 53 omen
P 5L s Gy WK Slles Sl ol
SR 5L el s Bos o Bl W8S e
G sk b 5358 el ke g e oa b L e
& e Do g 4 8 Ll g5 onl 3 o pd bl oY
Jeisn 3 ARLLST Gladisad 53 358 ad bt Ot
Olse 4 e ke Yo Culies 5 e Juo £00 Jsb L BOX
5 ke Yoo dudb b IS H sz 5l s 05w 0L
5 e YA Ol CLE)\ RSP Wik B SRGIVI P
05 el ol eslanad L5 Oladl gl e oo A Ol sl
OLES sz 20 Sl 5 SU Cos b dlail (1) S

[13] Sl ol 63l
(‘RBS) 4l _sals” abaio b Jlal -¥—£

de JJ )L«SL?LL,QA 3 L;o.l.:) g(ﬁ)k@); L}.AKL{'L&)I AJJLE.A )J
CE.E.A LoV oVl a&alesl ey 4 YorA

2. Reduced Beam Section

o7

"j":’@ d;f- Q}LNAJJAS :}QLLQJL:J: u:’)")\ oolaiul
[1] Sl ol 05l Quu L;":j"' r.:.s.';.‘w JLA.?\ (Y) Jﬁ))

AN JUETERPUEUN WS RCHI SN St
1 A

150

< WL

2PL-9x55%282(SM490)

300

8
8

-
Fig. 2. Details of direct welded connection [1]
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Fig. 6. Cyclic diagram of force-displacement and failure
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[14] 5[13] 1] <NVLasl js sy, Sa c!Lm Slasein i) J ol
Experimental Beam vyield stress (Mpa) column yield stress (Mpa)
connection Yield stress Ultimate stress Yield stress Ultimate stress
wing web wing web wing web wing web

Direct welded 44838 44751 57090 597.21 448.38 44751 57090 597.21
connection
Flange connection 448.38 44751 570.90 597.21 448.38 44751 570.90 597.21
Connection with upper 300 300 420 420 300 300 420 420
and lower plate
RBS connection 314 314 420.1 420.1 314 314 420.1 420.1

Table. 1. Specifications of materials used in connections [1], [13] and [14]
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Fig. 7. Cyclic diagram of force-displacement and failure mode of flange connection sample [1]
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Fig. 8. Cyclic diagram of force-displacement and failure mode of connection sample with upper and lower plate [13]
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Connection a b a b
Direct welded connection 0.07 009 0.07 0.09
Flange connection 0.045 0.06 0.045 0.06
Connection with upper and lower plate 0.02 0.04 0.02 0.04
RBS connection 0.03 0.045 0.03 0.045

Table. 2. Parameters assigned to nonlinear springs
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Fig. 11. Specification of the spring provided in the beam-to-column connection
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Fig. 12. Comparison of cyclic force-displacement results of connections
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yield location in the bilinear force-displacement curve [5]
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Steel beam-to-column connection Yield Final displacement ductility Average
displacement (mm) capacity ductility
(mm) capacity
) -) ) -) ) -)
Direct Experimental 11.01 12.03 105.9 102.3 9.63 8.53 9.08
welded results
connection

Numerical results 11.05 11.60 120.1 98.90 10.86 8.52 9.69

Flange Experimental 10.12 10.09 52.93 51.13 5.23 5.06 5.14
connection  results

Numerical results 10.87 10.57 51.12 51.05 4.70 4.82 4.76

Connection  Experimental 24.56 26.41 122.8 124.9 4.99 4.73 4.86
with upper  results

and lower Numerical results 25.18 25.49 124.3 125.5 4.93 492 4,93

plate
connection  Experimental 13.65 14.90 135.9 135.4 9.95 9.08 9.52
RBS results

Numerical results 13.58 14.02 137.1 136.7 10.09 79.75 9.92

Table. 3. Comparison of plasticity capacity of numerical samples and Experimental samples
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Maximum load capacity (KN)

Initial stiffness (KN/mm)

Steel beam-to-column connection

+) ) +) =)
Direct welded Experimental results 206.78 237.50 16.05 19.82
connection Numerical results 207.69 235.16 17.89 21.28
Flange Experimental results 166.0 182.0 15.65 15.58
connection Numerical results 1625 167.04 14.46 14.97
Connection Experimental results 168.6 171.1 6.12 6.09
with upper and
lower plate Numerical results 170.4 170.3 6.02 6.14
RBS connection Experimental results 171.2 174.2 12.15 11.63
Numerical results 167.3 169.8 12.31 11.93

Table. 4. Comparison of maximum loading capacity and initial stiffness of Experimental samples and its numerical models

blze gade gladde 5 AT glad sas gL b b i i alis V0SS

g
2
s

maximum loading capacity (KN)

77773

< Numerical results

% Experimental results

B- negative direction

2
a
8

maximum loading capacity (KN)

> Numerical results

% Experimental results

A- positive direction

Fig. 15. Comparing the results of the maximum loading capacity of Experimental samples and its Numerical models
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Fig. 16. Comparison of initial hardness results of Experimental samples and corresponding numerical models
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ABSTRACT:

The degree of connection rigidity has a significant effect on the seismic behavior of steel frames. However,
the lack of proper modeling methods or not considering the degree of rigidity of the connection in the design
of structures, destroys the accuracy of the design. In conventional methods for the analysis and design of
steel frames, the behavior of beam-to-column connections is assumed to be joint or fully braced. With these
assumptions, the analysis and design of steel frames becomes easier. But the results of the tests show the
existence of a degree of flexibility in the hypothetical clamp joints and a degree of stiffness in the common
joint joints. Therefore, for accurate and economic analysis and design of steel frames, it is necessary to
consider the tightness of the connections. Few researches have been done on the nonlinear modeling of steel
connections with nonlinear shock absorbers, and most of these studies are also on the modeling of
connections using the finite element method. This shows the need to deal with the correct and practical
modeling of connections. There are various methods for numerical modeling and calibration of experimental
and nonlinear behavior of structures, among them, the modeling method with nonlinear springs, plastic joint
models, fiber models, and models can be used. Designing finite elements pointed out. One of the advantages
of modeling with non-linear springs and plastic joints is the non-linear modeling of the failure zone with
minimal degrees of freedom. In this method, calibrated functions are used to model the nonlinear behavior of
the structure. But in the method of fiber models and finite elements, the nonlinear behavior of the structure is
determined by assigning the nonlinear behavior of the materials. Disadvantages of the fiber modeling method
include the absence of shearing and twisting effects, sliding between components, and cracking and crushing
of materials. Finite element modeling also provides the ability of three-dimensional behavior, including
complex geometries and multiaxial stress and strain states. In the finite element modeling method,
determining the size of the elements requires a convergence test. Also, due to the high volume of calculations
and its time-consuming nature, this method is used in detailed models to model a part of the structure. In this
paper an accurate estimate of the seismic behavior of these joints and damage modes in them is obtained,
using the behavior of valid Experimental samples, to be used as a criterion in numerical modeling. For this
purpose, four common steel connections, have been investigated and numerical models are presented to
consider the nonlinear behavior of the mentioned connections in the Opensees software. Cyclic behavior of
experimental samples has been used to calibrate the characteristics of the proposed numerical model. The
results show that with the proposed method, the seismic behavior parameters of the studied connections such
as load bearing stiffness and ductility capacity in the experimental and numerical model are well matched
and can be used to more accurately model in analyzing and applied designing to obtain an accurate estimate
of the behavior of the connections and the degree of rigidity in the designs leading to the operation. It is
important to compare the plasticity capacity, maximum bearing capacity and initial stiffness in the examined
connections compared to their corresponding numerical models, and the difference between 0.29% and
8.42% in different situations confirms this.

Key words: Cyclic behavior, Connection rigidity, Numerical model, Ductility capacity
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