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% 7 Following the 1994 Northridge and 1995 Kobe Full 3D model developed similarlio

. | earthquakes, the previously used welded steel momemE model by Diaz et al (2011) and
resisting framesn areas of high seismicity were proved experimental test conducted by Jans
et al (1987, including:

> Material nonlinearities.

» 8-node solid elements throughout

(SOLID185).

» 6 contact regiongo model semi-

rigid connection.

000000

R M; (kKNm) =

Moment-Rotation Curves (M; - p;)

—EC3

——FE Model Diaz
—— Experimental
——Current FE Model

0, (rad)

Results showed good correlatio
validating the FE model for further

parametric studies.
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3D FE Model (Detailing of Individual Components)

\ Model Number of | Column Face | Web Opening| Second Web Material Properties Column Flanges
holes Distance, S | Spacing, So |Opening Distance Stiffeners | Restrained
. N - s : Solid N/A N/A N/A N/A As experimental study N/A N/A
| I\_/Iaterlal_and cost_ A.bl|l'[y to span Ionger. P_ossmlllty to .|ncorporate ; T Tor 200 " VA A experimental siudy VA VA
efficiency with reduction || distances (decrease | services, reduction of the floor- 5 2 holes 200 12 12 S TRl Sy N/A N/A
In cross sectional area weight) to-ceiling zone overall depth 3 full of holes 200 1.2 1.2 As experimental study N/A N/A
/ 4 full of holes 200 1.2 1.2 Al S355 but Class 10.9 Bolts N/A N/A
5 full of holes 200 1.2 1.2 All S355 but Class 10.9 Bols YES N/A
- - - 6 full of holes 520 1.2 1.2 Al S355 but Class 10.9 Bolis YES N/A
h 7 full of holes 350 1.6 1.2 As experimental study N/A N/A
8 full of holes 350 1.6 1.2 All S355 but Class 10.9 Bolts YES N/A
This research aim® study the behaviour of partially restrained bolted RWS__9 | flofhoks 200 1.2 1.2 AIS355 but Class 109 Boks  YES YES
. . . 10 full of holes 350 1.2 1.2 All S355 but Class 10.9 Bolts YES YES
beamto-column connections under CyC“C Ioadlng. 11 full of holes 520 1.2 1.2 Al S355 but Class 10.9 Bolts YES YES
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Von-Mises Stress Plot of Solid Model (loading at 155.1mm)  Von-Mises Stress Contour Plots of Model 6 (loading at 93.1mm)
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The etffect of geometric parameters swadthe distance from the face of the a|| specimens are loaded cyclically following the SAC loading protocol by
column, S, and web opening spacinge,Ss variable while constant large FgMmA-350 with beam end displacements appligthe location of the stiffener.

circular web openings of 0.8h are used throughout with results scrutimsed
order to proposean optimum structural design. The potential of adding
periodical web openings along the length of the besaiso examined.

The main objectiveso fulfil the project aim areasfollows:

» Evaluate the seismic performance of RWS using Finite Element Analysis

(FEA) by examining the dissipation of stresses and hysteretic curves.
» Propose suggestionis the current design guidelingés accommodate the
practical use of perforated steel beams.

FEM Mode (L ocation of Applied Displacements)

0.04

0.02

-0.02

-0.04 +

id-height to mid-height of stay

0 4 8 12 16 20 24 28

Cycle numbers

Column span m

@=dLg /Loy

Undeformed centerline

SAC Cyclic Loading Sequence

» Desirable weak beam-strong column mechanism achieved by the introductionof

web openings, witlnenhanced overall respongkthe connection.

» Potential of RWSto be used in seismic-resistant designs.
> Better performances achieved for models wheB&®wvere used for all materials but

the bolts (Classl0.9), the initial differencein material propertie®f the experiment
hindered the desired mechanism.

» Addition of column stiffeners helped analysis while having the flanges restrai

created similar results and avoided local buckling issues.

» Both closely and widely spaced web openings showed good results, with the |

concentrating the critical stresses around the first web opening.

» A column face distancef 520mm decreased the ultimate rotational capacity froe60.

to 0.04rad in both cases, while a distanad 200mm led to some critical stress
concentration too cloge the column face.

» ldeal column face distance was thereforeidentified as being 350mm.

» Study is part of wider project investigating different typesf connections, the usef

novel patented elliptically-based web openings, more geometric characteristics
dynamic responsef the entire frame aimingo establish comparisonf seismic and
progressive collapse codes and guidelines current provisions.

» Further potentials to introduce a fuset design stagéo replace the isolated damage

section that would arisgueto the critical stress around the widely spaced web openil



