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ABSTRACT :

Use of side plate in moment connections has enklatioge seismic behavioof connection specially
retrofitting project. The geometry of this conneatieliminatesecognized brittle behavioral uncertainties
are intrinsic with the use of a T-joint completaapation groove weld to connect beamrmflas directly to
column flange. The significance of these unceri@énts characterized by unprecedented financialel®she
resulted from the Northridge Earthquake.

Results of an analytical investigation of cyclidhbeiors of 13 models with sidegtés between IPE beam .
box columns are presented in this paper. The asalyas conducted using the ANSYS 5.4 softwdree
results indicate that this type of connection h#figent stiffness, strength and ductility to diy it as rigid
full-strength, ductile connectiomherefore this paper will present the models, dirdtement procedures ¢
results obtained in this study which all indicaté@nced behavigesulted from using side plates in this typ
connections.
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1. INTRODUCTION

Following the January 17, 1994 Northridge earthgu@kagnitude 6.7), in the wake of discovering ttha
“traditional” prescriptive steel moment-resistingarhe connection had suffered unexpected sy
premature brittle fracture of welds and base metalgctural engineers were faced with a connearasis.
Different practical solutions for each type of dgmsiin this earthquake were proposed.

Side Plate (SP) connection system, invented by dhviHoughton, S.E., CEO [3] , @ne of the proprieta
connection designs as discussed in FEMA350 [2]ptea3.8.Following the Northridge earthquakev&a
innovative engineering firms designed and begimaoket alternative moment connection detaiid presidel
of the Side Plate System, Inc.

In this paper effects of beams and columns sizdssale plate thickness on syclic behaviour of cotior are
discussed.

2. ATTRIBUTESOF THE CONNECTION SYSTEM

2.1. Column/Beam Separation

SidePlate™’s trademark geometry provides physiephsation between the face of column and el
beam by means of parallel fulkpth side plates (see Figure 1). This key atwil@liminates reliance
brittle and premature behavioral uncertainties$ #na intrinsic to moment connections that empley us
of a T-joint complete-penetration groove weld tomect the beam’s flanges directly to the columndgia

_—

‘h-""--..l“"""-

TR s‘-d&”%

Figure 1. Side plate system

2.2. Full-Depth Side Plates
SidePlate™’s use of full-deptkide plates ensures that all significant energgipation/connection deformat
occurs ductilely outside the column, and connectvefds and plates.

2.3. Shop Fillet-Welded Column Tree Construction
For new construction, SidePlate™ uses all shogtdi¥elded fabrication, ductile weld configurationsgd
the column tree/link beam erection sequence foeased quality control and cost efficiency.

2.4. Simplified Load Paths

SidePlate™ combines redundant simplified load paftsual load transfer .@., load distribution), from beam
side plates and/or brace to side plates, and fidengates to column, is accomplished by the ugaaiés and fille
welds loaded in a predictable manner.

3. SELECTED MODELS

To scrutinize the behavior of this innovative coctien under the cyclic loading and to compare ide plate
connection system with the other pre-qualified motmesisting connections, a series of computat
research were carried out. In the first part, weehstudied the effect of gawtric parameters on the beha
of the side platenoment connections. Thirteen computer models wensidered. We have studied the e
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of:

tsp = Thickness of side plates.

tsh = Thickness of vertical shear plates.

tcov = Thickness of top and bottom beamdéoover plates.
The selected columns are BOX40*40*2 and BOX30*3®f2apes. The beams are IPE shapes of
270,240,220, and 200 mm depth. The geometricabcheristics of the models are shown in table 12and
The finite element computation has been carried out withohidNSYS [6], which is a general purpt
nondiinear finite element program. The selected elemexst Solid 45. This element has 8 nodes with 3ee
of translation freedom (in X, y and z direction} pedes.

Table 1. Geometrical characteristics of generaletsd

Model Column Beam

Name Profile Profile tsp Lsp | hsp | tsh | tcov | Lcov
SPT1-1 BOX30*30*2 | IPE20 1.5 74| 25| 8 0.8 24
SPT1-2 BOX30*30*2 | IPE22 1.8 84 | 27| 8 0.8 29
SPT1-3 BOX30*30*2 | IPE24 2 94 | 29| 8 0.8] 34
SPT1-4 BOX30*30*2 | IPE27 2 84 | 32| 10| 1 29
SPT1-5 BOX30*30*2 | IPE30 2.2 94 | 35| 10| 1 34
SPT1-6 BOX40*40*2 | IPE20 1.5 94 | 25| 8 0.5 29
SPT1-7 BOX40*40*2 | IPE22 1.8 104 27| 8 05 34
SPT1-8 BOX40*40*2 | IPE24 2 114 29| 8 0.6 39
SPT1-9 BOX40*40*2 | IPE27 2.2 124) 32| 10| 0.8 44
SPT1-10 | BOX40*40*2 | IPE30 2.5 134 35| 10| 0.8 49

*(cm)

Table 2. Geometrical characteristics of models wifferent side plate thickness.
MODEL
NAME tsp| Lsp | Hsp tcov| Lcoybcov| tsh
SPD1-5 22| 94 35 34 30 1(
SPD1-5a 1 94 35 34 30 1
SPD1-5b 15| 94 35 34 30 10
SPD1-5c 3 94 35 34 30 1(
*(cm)

A =4

PRk |P

To simulate the size of the real structures thgtleof the connected beam and column were considsie
cm and 300 cm respectively. The mesh sizes inrdifteparts of the models were selected regardiag th
demanded precision. Since the gradient of thessgesms to be more sever near the connected zoesy, a
fine mesh was used in the vicinity of the conneetexhs (see figure 2.).

Figure 2. Finite Element Mesh



th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

The boundary conditions for all models were theesafl degrees of freedom at the bottom of the cwis
were restricted. The nodes on the upper end ofrawduvere restricted in two directions perpendictdahe
column, while the horizontal displacements werergéed and the nodes of beam were restricted in two
directions perpendicular to the beam too with tbezontal displacements. Each model was loadedson i
column tip by imposing cyclic displacement accogdio the SAC loading protocol (see figure 3.).

Numerical values of Bj and n;t

Load Step # | peak deformation 0 number of cycles, n
1 0.00375 6
2 0.005 6
3 0.0075 6
4 0.01 4
5 0.015 2
6 0.02 2
7 0.03 2
Continue with increments in 8 of 0.01, and perform two cycles at each step

MULTIPLE STEP TEST - LOADING HISTORY

Interstory Drift Angle

0075

000675 &mAAAAAAAAAAAAAAAAAAAA
VVVVVVVVVVVVVVVVVV

Lk

3

ber of Cycles

Figure 3 Standard load history, SAC

A bilinear model was selected to represent thestsérain curve of material (steel). A line havihg slope
equal to the elastic modulus of steel (210GPa)gmtes! the elastic behavior of steel. The yield poirsteel
was considered at 240 MPa. A nearly horizontal liaeing a slope of 0.135 GPa represented the bahaivi
steel beyond the yield point (Figure 4). The mataronsidered behaves as kinematic hardening.
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Figure 4. Bilinear model for steel

4. RESULTS

4.1. Effects of beams and columns sizes

The Von-Mises stress distribution for model SPITs shown in figure 5a. To have a better viewha
stress distribution in the interior parts of thewgection, in figure 5b we hawisplaced the side plate
can be seen that the plastic hinge is shifted fiteenconnected zone toward the beam. This meansr
side plateconnections, the brittle fracture of groove wetdarmation of plastic hinge in the connect
zone is not the main cause of the damage.

Figure 5a.  Stress distribution Figure 5b.
Figure 5.  Stress distribution in model SPT1-1

Strdgstribution (interior)

FigUre 6. Plastic Strain in model SPT1-1
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Another important point shown in figurei® that the stress in panel zone remains lower tha elastic limi
This is due to the existence of the two side plat@he reactions are divided into 3 plates (2 pidées andhe
web of the column).

The plastic strain in different parts of connectisnshown in figure 6. We can see that all the tj
deformations take place in the beam, and the coionetself does not withstand the plastic deforiorat

It can be noticed that the connections with sidg¢ephave remarkable ductility and energy absorpapacity
The moment-rotation (M- ) diagrams for all models are demonstrated in régd. Comparing th
moment-rotation curves for different models, it tenseen that theza of columns has negligible effect on
plastic behavior of the model$his should be due to formation of plastic hingethe beam section, whi
prevents transferring of deformation to the colun8wswe can conclude that all the studied connestian b
considered as full strength.
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Figure 7. Moment total rotation diagrams

4.2. Effects of side plates thickness

To evaluate the effect of side pldteckness on the behavior of connection, we haweisd new models wi
different side plate thickness. As it is indicatedable 2, we have considered five models, SPT1SPA 15,
SPT1-5b and SPT1-5¢ with plate thickness of 1022%nd30 mm. respectively. The other characteristi
these models were exactly the same.

The distribution of stress and plastic strain f@este models are shown in figures 8, 9ath@ 11. It can be se
that in the case of connection using 10 mm. thidk plates (figure 8)he plastic hinge has been produce
the side plates instead of the beam. The behavitreomodels with thicker side platese nearly similar
each other, except that for the thicker platesdisplacements shift toward the beam and the coiome
behave more stiffly. For the selected models ibsethat the optimum thickness for the side plateimm.
Figure 12 represent the diagrams of moment - mtgti1-0 ) for the models SPT1-5, SPT1-5a, SFKl-ant
SPT1-5¢. The only difference between these moddiseir side plate’'shickness. It is interesting to note 1
the connection with 10 mm. side platieickness has less strength and stiffness comptreithe othe
connections with thicker side plat&@fe connection with side plate of 15, 22, and 30.dmsplay nearly tr
same strength and stiffness.
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a) stress distribution b)plastic deformation
Figure 8. Model SPT1-5a (Side plate Thickness=1)

b) plastic deformation
Figure 9. Model SPT1-5b (Side plate Thickness=1.5)

a) Stress distribution

b) plastic deforméﬁt.i?n
Figure 10. Model SPT1-5 (Side plate Thickness=2.2)

a) Stress distribution

b) plastic deformaﬁn
Figure 11. Model SPT1-5c¢ (Side plate Thickness=3)

a) Stress distribution
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Figure 12. Moment Rotation diagram

5. CONCLUTION

The important results obtained from this non-lin@aite element analysis are summarized below:
- Plastic deformations take place in the beaneadbf connection.

- Side plate Connections has remarkable ductlity energy absorption capacity.

- Size of columns has negligible effect on thesftabehavior of connection.

- Side plate thickness has negligible effect altbhavior of the connection.
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