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Specimen Beam Top Angle Bottom Angle Top Angle Bottom

Length Angle

(cm) Length

(cm)

T1 IPE180 80808 100x100x10 10 10
T2 IPE180 80808 100x100x10 15 15
T3 IPE180 80808 100x100x10 20 20
T4 IPE220 100x100x10 120x120x12 10 10
T5 IPE220 100x100x10 120x120x12 15 15
T6 IPE220 100x100x10 120x120x12 20 20
T7 CPE160 60 x60 X6 100x100x10 10 15
T8 CPE160 60 x60 X6 100x100x10 15 15
T9 CPE160 60 x60 X6 100x100x10 10 20
T10 CPE160 60 x60 x6 100x100x10 20 20
T11 CPE180 80808 100x100x10 10 15
T12 CPE180 80808 100x100x10 15 15
T13 CPE180 80808 100x100x10 10 20
T14 CPE180 80808 100x100x10 20 20

Table 1. Key parameter of specimens
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Fig. 6. Finite element model of Specimen T1
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Parameter Method T1 T2 T3 T4 T5 T6
Initial Stiffness Test 525 767 1189 660 1175 1400
(ton.m.rad) F-E Analysis 538 795 1263 658 1205 1368
.Table 2. Initial stiffness of specimen determined by test and FE
.T6UT4éudﬁ):;&wgug}ﬁ)zn@;l;;)}édjA{Lﬁf‘_;ug}i,ﬁzrhj}_xq-
Top Angle Weld Bottom Angle Weld
Specimen Method Beam Beam| Rotation | Column| Rotation | Beam | Rotation | Column| Rotation

Side (rad) Side (rad) Side (rad) Side (rad)

ng%r;t c23| 00127 | €23 | 00127 | - C26 0.175
Test Left

T4 Side | C26 | 00175 C26 0.0175 | C18 0.007

FE - C26 0.015 C28 0.023 ---- -

Right| o3 | 0011
Side
Test Left

T5 Side | €25 | 0.0165 C26 0.017 C25 | 0.0165

FE C25 0.015 C25 0.015

RIgt| o5 | 00165 | C23 001 | oo | e
Side
Test Left

T6 ; C25 0.017 Cl4 0.004
Side

FE C25 0.014 C26 0015 | - -

Table 3. Test and FE result
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Fig. 13. backbone curve of specimen T11
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Fig. 10. moment —rotation curve of specimen T11
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Ultimate Strength Yield Strength
Specimen Test FEM Error% Test FEM Error%
T1 2.8 2.3 -17 2.15 21 2
T2 4.7 4.3 -8.5 2.3 34 6
T3 6.9 6.25 -9.4 5.3 4.9 -7.5
T4 3.8 3.9 2 2.9 35 20
T5 6.5 6.5 0 45 5.3 17
T6 7.2 7.1 -1.2 6.2 5.7 8

Table 4. Comparison of strength values of test and FEM
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e(rad) g(rad)
Specimen
Test FEM Error% Test FEM Error%
T1 0.016 0.0105 34.4 0.004 0.004 0
T2 0.014 0.013 -7 0.0041 0.0043 -4.8
T3 0.012 0.011 -8.33 0.0043 0.0039 -9.3
T4 0.0155 0.016 3.2 0.0045 0.0054 20
T5 0.012 0.01 -16.66 0.0038 0.0045 184
T6 0.013 0.0113 -13 0.0045 0.0042 -6.67

Table 5: comparison of rotation parameters of test and FEM
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Jobos 5 el sl b sl o 5 oo S b e Ll 5l ol s Sl A

Parameter Yield Strength (ton.m)
Initial Stiffness(ton.m.rad)

Specimen Test or FEM Relation Error% Test or FEM Relation Error%
T1 525 505 -3.7 2.15 2.3 6
T2 767 778 15 3.2 3.7 14
T3 1189 1075 -11 53 51 4
T4 660 730 105 2.9 2.75 5
T5 1175 1125 4 4.5 4.4 2
T6 1400 1528 9 6.2 6.15 -1
T7 1304 1279 2 3 2.9 3
T8 1750 1880 8 5.25 4.6 -13
T9 1437 1323 8 2.3 2.96 28
T10 2520 2553 1 6.3 2.38 15
T11 1285 1450 13 3.6 3.29 9
T12 2368 2130 -10 4.5 5.16 15
T13 1480 1499 1 3.7 3.34 -10
T14 2880 2893 0.5 7.2 7.2 0

Table 6. Test and FEM results ( Yield strength and initial stiffness)
Jobos 5 lesl s b plg 2 s S bl 5 ol ol Ol Ol e Vst
Parameter Ultimate Strength (ton.m) Ultimate Rotation (rad)
Specimen Test or FEM Relation Error% Test or FEM Relation Error%
T1 2.8 3.15 12 0.016 0.015 -5
T2 4.7 5 6 0.014 0.0138 -2
T3 6.9 6.94 0.5 0.012 0.0128 7
T4 3.8 3.45 -9.35 0.0155 0.0149 -3.6
T5 6.5 5.17 -15.8 0.012 0.0135 13
T6 7.2 7.6 5.5 0.013 0.0126 -2.6
T7 3.2 3.7 16.5 0.0055 0.00652 13.67
T8 6 5.44 -9 0.00975 0.01 5.6
T9 3.6 3.95 10 0.0065 0.004 -37
T10 8 7.56 55 0.009 0.0096 6.8
T11 4.2 4 -5.4 0.005 0.0066 32
T12 4.7 5.8 23 0.00975 0.0109 12.3
T13 4.7 4.2 -10 0.0042 0.004 3.7
T14 8 8.06 -0.8 0.0135 0.0102 -24.25

Table 7. Test and FEM results( ultimate strength and rotation)
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Square
Average
Parameter R 2 ] Average
Error(%) .
“)
K 0.975 5.9 7.3
M, 0.942 7.8 10.9
M, 0.903 9.4 11.2
oy 0.869 12 16.3

Table 8. statistic parameters of key parameter
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Specimen Test MY (ton.m) Error
Or FEM(ton.m) Moghaddam's Moghaddam's New Moghaddam's Moghaddam's New
Relation(1) Relation(2) Relation Relation(1) Relation(2) Relation

T1 2.3 15 2.73 2.3 -34 17.2 6
T2 3.6 2.26 4.10 3.6 -36.2 12.2 12
T3 4.75 3.02 5.46 4.75 -37.2 15.2 -10
T4 2.75 2.46 3.65 2.75 -8.5 329 -5
T5 4.34 3.7 5.48 4.34 -14.3 25 -3.5
T6 6 49 7.31 6 -18 215 -3.3
T7 2.6 1.34 1.80 2.6 -50 -30 -11.5
T8 4.7 2.02 2.71 4.7 -57.7 -42.5 -11
T9 2.6 1.34 1.8 2.6 -46.24 -31.7 15
T10 6.2 2.69 3.61 6.2 -56.64 -41.6 -2
T11 3.1 2.26 3.04 31 -25.8 -2.4 -13.8
T12 5.2 34 4.57 5.2 -35.2 -12.1 16
T13 2.8 2.27 3.04 2.8 -18 7.8 -23
T14 7.2 4.54 6.09 7.2 -52.52 -15 0.3

Table 9. comparison of relations results and Test or FEM results
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Specimen Section Angle Length | Angle Type
Beam (cm)

S1 IPE 180 20 100x100x10

S2 IPE 180 20 100x100x10

S3 IPE 180 10 100x100x10

sS4 IPE 160 20 100x100x10

Table 10. Key parameters of Alaee's specimens
Ly, ool s sl of 5l Lol zs O Jsax
03 el bause daly  ew aile 3 il sl A lis

oy 3l el s @l:j Oeemad 31y Aoy YE 5 su

ol Jals) 5 SRlesl 5l ol mls (1)) Jpr

Parameter Stiffness(ton.m.rad) Moment(ton.m) Rotation(6u)
Specimen Test Relation Error Ultimate | Cracking the Ultimat | Cracking the
Relation e Relation
S1 1304 1036 -20.7 7.79 6.26 6.97 0.022 0.0106 0.012
S2 1472 1036 -29.8 7.8 7.14 6.97 0.019 0.011 0.012
S3 462 495 7.1 3.27 31 3.16 0.043 0.0155 0.014
sS4 1248 770 -38 7.96 7.13 6.67 0.021 0.0117 0.0112

Table 11. Test and the relation result
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Abstract:
Saddle-like (Khorjeeni) connections are formed in steel frames, where the beams are not cut at their
intersection with columns. The beams continuously by-pass the columns and are connected to them using top
and bottom angles. This type of connection provides some benefits, such as ease of construction and superior
behavior under gravity loads, however it has some disadvantages that can cause significant damages to the
structure when subjected to seismic loads. Past studies have shown that saddle-like connections can be
classified as semi-rigid connections, but they do not have the ductility capacity observed in those types of
semi-rigid connections, which have been recommended in various codes for seismic resistant design.
In recent years, several researchers have tried to propose details for improving the behavior of Khorjeeni
connections. However, in the process of seismic evaluation and rehabilitation of existing structures, in which
the conventional type of Khorjeeni connections are used, it is necessary to have typical behavior curves and
acceptance criteria for different levels of structural performance. The aim of this paper is to develop
parametric equations for behavior characteristics of the conventional saddle like connections.
Experiments and finite element modeling have been conducted on fourteen different specimens of the
connections. The details have been selected based on what are normally found in medium rise buildings in
Iran. The beam height and the angle length vary in the specimens. Six specimens have been tested in
laboratory and then modeled by finite elements. FE analysis has considered the crack initiation and
propagation using a micromechanical model originally proposed for predicting crack initiation in ultra-low
cycle fatigue, ULCF. ABAQUS multi-purpose software has been employed for this work. As the Finite
Element modeling of tested saddle-like connections has proved to be successful in predicting the behavior of
this type of connection, additional samples have been modeled and analyzed using FE models. Based on the
results of experiments and FE modeling, backbone curves representing moment rotation behavior of the
connections have been determined following the FEMA recommendations. Characteristic parameters of the
backbone curve have been identified as initial stiffness, yield moment, ultimate moment and ultimate
rotation of the connection. Also the parameters affecting these characteristic values have been found to be
beam depth, top angle size, top angle length, and bottom angle length. Finally, using the regression methods,
some relationships have been proposed for each characteristic parameter of the backbone curves. A
comparison of the experimental and numerical results and the results of parametric equations shows good
accuracy. The differences in initial stiffness, yield moment and ultimate moment are less than 10 percent for
majority of the specimens. The differences in ultimate rotation are also less than 15 percent in most of the
cases. The proposed equations in conjunction with FEMA recommendations for acceptance criteria can be
used in seismic evaluation and rehabilitation of steel structures with saddle like connections.

Keywords: Saddle like connection, Backbone curve, Behavior curve , Acceptance criteria, Characteristic
parameter
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