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2. Reinforced Concrete column Steel beam
3. Additional Band Plate

Yy

35V Coglis 5l g eslinal ez 5lasls placoss m L
GRIB O @3V s b (LS 3 b
S 508 Sbl s s (Sudspame s 4 n Cuslis
Sl e 5 o il B Ulse 0 sl 3V
N Se 2 oedhe a3 Lzl pes Gl e
ol s Ll G a0 s ) 5 Y8 5 slac e
1] sl aalps

5 e OVl eslind it OB laesle o
Sl sl e s pY el e sl (6 O
ool s Ol easdee ozl AL Clas
il e s el li s Sl A8 05 5 8 YL
350 b g6 S 4l Vel S e Wl oS sl
o 3l e s Sy Jade S 558 ol Dbl B
maaka) slesl il ple s Slas a5 ol sll odd s
Loodd sy ooV sblie lilse sms by ol 20l
moibe il (S 2l 5 05 s s dlal (S o
D g h P s

Glos xS Cib 4 S| el daly walsl 53 S & S0kea
2 Ose 4 5 sles ) e st gl cilisee Dl
03 Fole Dl ms 05SU s el ke n L el
Wl oS 3l IS el e Al ey 5 VL] el
5 5 SOl dohas 5 e ges ealital 550 Jlail sz s
S Sl b Osde Gl Jesdly sies 5 laaabo i Ol
L ooVlasl JLs a4 Olomen O Kiass odd Esb s
by ol Sl L seslatl ol oS

AEl ooV eh e OB s s, 8 gl S

AN O landss-Y
oo de s aees G ke Sllee Yoo JLe s
S S-RNCOT I SCTR NP | & W S [ W% { B SINE SN 08
Jboas 5ol o SLLCFT O 5 dlail 65
Gl e S 5 T s IS Sl
S bl el b 5l LISKke 5 Jlall 6l Jaie

1. AISC-358



VFey Jle /) e)w/ry} S 0393

Gos b dlasl b ptlasl el wlad b & Ll gl
23 5 ey Dy el e 5 Cuslie 5l IS0k
5L gl o e, L 8 S 15 Ll SVl s s
L AISC b ool Ll (glaid s Jilus Jass
[6] 50 Lol ey siart dlail S Ol gis
ol g plxil il Sun Y
O3 s Ja g 5 Jall Koy Bim 5
O Ole 5l gy Cojso 4 5 oS hae 5 bl
Jol Jlasl el e ol e ol 45 o 20 CFT
ool 5 S5 Sl ooV Ay O ol 5
SaS w0 gy 53 5 e 3V Y Sl S e
o b s G G e 5SS L el R
Ml cnls Soles g 3 el slipd (ST 3
Jw g ol B s B8 By 5 oV dY
SO el 2l s Jlal el s ol
03 5 oS Slakad &S ol (column tree) s O s
Dl 3 e oIS 53 e 5 0l eate ) 4wl S
S s 4 o il b0 Sle Cand ¢ Ogia
B e enls Lgo 05w (S, (StUD)

O last 2 S, oy 4 5 dlasl S8 cnl 5550 03
o8 Oy el 48,5 s e Dlalllas 056
Bl e 5SS 4 ode Lo ol sy 5o ol
5 ol 0l 503 1Y (G55 e sSUT 3 pkoe
CFT s 5 ,d80ke aie sy V5 5 Jlasl glas
) el o3V Al b (sla bl o3 s b sle nls
Sk el Baa 5 Ol Cubks y U cwlis (oY

NG|

~dignd (Sl S Siek 9 b3 Swys -F
Sone s

el Jde wgade Jdos Jss mwss 51 Olaebl ke &
SIS s bl a4 ey boasllas cpl 3 3 pdme
S5 5 e s o NSFS Jue Jlal SGs5 50
[2] as oyl s g ol plonil Yoo ) Jlo 3 e

S Jola el s esls OLE (V) K5 53 &S sed ol

Yy

5 pors e Sl e bbbl 5 223 5 L)
SV liml 5o RS g 5 Sadly Jeake 228
58V Gl b elad a3 o s S (Ll el
@S T S e p G e 53 gk S S
Sl b, bl o) o S glls Jlail &5 as
ool (o 3550 4503 53 el (SUE 2NV 05 5 L
e O P
Sl Jlasl el o2ty sl G 3 el ot 5 M2
[4] sk

Slos et Jlasl OLKas 5 sl e YOV Jl s
Gos o bom ekl Glopls sbadsiw 4 2V 5
3o 5 ARELST sz 3550 L 055w 3l 6558 SIS OLe
o el aabipml IS5, sllas Jlasl Sl . sls )3
2 aie 5 I8k Gos U kS 15 IS (180
(Sss L b e s 3 Sles Jlall cSs 185
350 Ges pl g el g pd IS5 55 S
ary Obe 5l LISke Gus s W w238 LIS s
3 USG5 Ol Clo gy o ol 530 Il ol (O 52
SR b slgdy JLail Sl 3 ) IS (b3 0
3 Ol s glaadl> xils 5 VLSS e b
fm 52 2Vl 655 O el 5l Sas e s eae
[5] el Sy 5 0 510851 slaes

Sy Shel 5 (600 e b Slallls YoV Jlu o
5 Slp Sl et At VL] ey o &S 5 S
5 S IS8 S s Slenls (e O 4 o2V
O a0 Ll .ostls p 5380ke Bos oo b o b edd g
@ 38 O 4 JLal 5 chsm g5 51 Slopls 5 e sla
bl dlail e cpos o lss) Sl ds s (o s
2oy 51 &0 55 a5 ad 4 S 5 s ol ulida
sk s Ly J S O dped o m Lol
o3 dslas (oo UL 5 Gl IELL s Oleses
s e p B S 15 Ot g Sk Ao
s s by s Sadh Jolie wld s VLl

jJLA\MgVU);WTC}@AJ,L};@\LAQF



Qébj.\.guJ.:q..»‘uS o o ol

o g $3Y B 5 Jlasl s 18, oL

NSF5 Jlast giladis ¥ Jss

Fig. 2. Spec1en NSF5 FE model

obr 5 b Jlasl el LS, ¥ S

Fig. 3. Maghiﬁed view of connection

el b o SUT 15805 55 o (s3bedie canlllae ol s
Je ool ol plnil s ol 2 atzadly Jobe S
ol sl Koy LiE 5 SysSanl S8 S5
Wo nl 03 pomen S e ol oy e,
3OS 5 Sy NS 88 R s b e el
S LS

DR oS Tl e ¥ S
f

0.85f

Stress

0.4f |-

& £q=0.0022
Strain
Fig. 4. Assumed concrete stress-strain curve

00035 £

[9] o Saudly ol Jobe gla el Y J g

40 Dilation Angle
0.1 Eccentricity
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Table 2.Concrete damage model parameters
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Table 1.Yield and ultimate strengths of steel
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1.16 592 509 20% 9 428 14.5 190 8.5 405 CFT3
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Table 3. Geometries and strengths of beam and column in specimens studied in this paper
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Inter story drift ratio Cyc}ls: Loading
repetition steps

0.375 3 1
0.5 3 2
0.75 3 3
1 2 4
1.5 2 5
2 2 6

3 2 7

4 2 g

5 2 9

Table 4. Cyclic loading pattern based on drift ratio
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Dampmg .qurg.y Steel Column Speci-
coefficient ~ dissipation  tube wall . men
. Dia.
(%) at last cycle thickness (mm)
(kN.m) (mm)
34.7 110 4.5 405 CFTI
37.1 98.4 6.5 405 CFT2
38.6 101.8 8.5 405 CFT3
40.9 109.6 4.5 505 CFT8
43.7 107.3 6.5 505 CFT9
46.3 104.3 8.5 505 CFT10

Table 5. Energy dissipated in last cycle of specified specimens
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Table 6. Energy dissipated in last cycle of specified specimens
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Table 8.Energy dissipated in last cycle of specified
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Abstract

Concrete Filled Tubes (CFT) have been proposed and used as suitable sections for columns. Main benefits of
using CFT columns include optimum use of concrete in compression and steel in tension, better protection of
columns against fire and ease of construction due to using column steel shell as temporary load bearing
element. The main drawback of using CFT is difficulty of providing suitable beam column connections in
moment frames. The problem arises from lack of access to internal space of steel tube to install the required
continuity plates and any shell reinforcements. Several proposals have been presented by researchers to
create the required bond between steel beam and CFT column through methods such as collar stiffener
plates, embedded horizontal rebars connected to beam flanges and through column continuous beams. In
order to encourage designers and builders to use CFT columns and take advantage of their benefits, it is
necessary to solve the problems of proposed connections to reach at reliable and effective connections. From
the review of the previous researches, it appears that the connection of continuous steel beam and CFT
column is a suitable option to provide the connection of beam and column in composite bending frames.
However, in order to design a connection in a real structure or to design laboratory specimens, it is necessary
to make a suitable choice among countless combinations of geometric parameters and dimensions of the
connection, based on the structural characteristics of the connection resulting from these parameters. While
final solution cannot be determined without consideration of specific properties of each project, but total
trends can be established through parametric studies covering a range of parameters likely to be encountered
in practice.

In this article, numerical modeling of the continuous steel beam connection with tubular CFT columns is
conducted by finite element analysis to investigate several key parameters including the effect of steel
column diameter, steel column thickness, beam flange thickness and beam web thickness on cyclic
performance of connection. In some specimens, the seismic compactness conditions of the beam section and
the column section were slightly out of the permissible limits of the regulations. However, all of the samples
satisfied the stable cyclic behavior and tolerated the maximum story drift limit of 0.04 radians according to
the AISC regulations as a special moment connection. Results showed large load-drift hysteresis cycles with
significant energy dissipation capability. The analysis results show that in connections with the same column
but with different beam sections, if the thickness of the beam flange or beam web is increased, the absorbed
energy increases in loading cycles, but lower values are obtained for cyclic hysteretic damping. This
phenomenon was attributed to the effect of strengthening beam web and beam flange on reducing the
tendency of beam to buckle. Since buckling of beam contributes to the dissipated energy of inelastic cycles,
any reduction in buckling potential leads to a reduction in hysteretic damping of connection. In connections
with the same beam but with different column sizes, if the dimensions of the column are increased, the
amount of energy dissipation and cyclic damping increase.

Keywords: nonlinear behavior, concrete filled tube, hysteresis cycle, energy dissipation, seismic
requirements.
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