Experimental Tests on Buckling Inhibited Shear Panks

Giuseppe Brando, Federica D’'Agostino & GianfrancdDe Matteis
Department of Engineering and Geotechnology,
University “G. d’Annunzio” of Chieti-Pescara, Italy

15 WCEE

LISBOA 2012

SUMMARY

An innovative dissipative shear panel has beemibcimtroduced. It is based on the use of spdeiethnological
devices able to restrain the out-of-plane deforomstiof the base plate. They consist in additiotel plates
properly dimensioned in order to avoid buckling phwena of the base shear plate up to specific ahefioon
demand.

In the current paper the main results of pilot ekpental tests, carried out on two specimens foickwiihe
buckling of the plate is partially or completehhihited, are carefully analyzed and presented. fireesolution
differentiates from the other because it is core@iin order that the inhibition system restrainyahle parts of
the base plate that are more sensible to the &retsmore important critical modes. On the contrthg latter is
equipped with devices able to restrain the outlaf displacements of the entire shear plate.
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1. INTRODUCTION

In the last decades metal shear panels have ba#uolly used as dampers for protecting buildings i

earthquake prone areas. The contribution of thesécels for the improvement of the structural
dissipative capacity has been pervasively invetyaand a significant numbers of national and
international seismic Codes introduced design ruescerning their employment (AISC, 2010;
FEMA 750-P, 2009; CSA, 2009).

Although it is widely recognized that whatever netaear panel is able to significantly increase the
building seismic performance by providing a highoammt of both stiffness and ductility (Astaneh,
2001, Shishkin et al., 2005), its response couldirnéed by possible detrimental effects due to
buckling phenomena which lead to a consequent teuof dissipative capacity. In order to avoid
this undesirable behaviour, metal shear platesradgionally equipped with transversal stiffeners

to reduce the free length of the base plate partwmch are most sensible to instabilities. In thesy
buckling phenomena can arise only for high sheanasels and the panel’'s cyclic behaviour is
characterized by large and almost rectangular ledpsh result in a high dissipative capacity.

On the other hand, it is to be considered thatadribe main prerogatives of dampers is to activiage
dissipative functions for limited structural demando to protect the other structural members by
limiting their structural damage. For this reasiis necessary to conceive shear panels charaeteri
by low yielding capacity.

Two alternative main strategies for obtaining loely strength shear panels are usually adopted. The
first is based on the use of relatively thin platéth a small number of stiffeners and with a base
material characterized by both low yield stressipand high ductility. This solution found, duritige
‘90s, a large application in Japan, where the dse special steel characterized by 100 MPa vyield
stress has been proposed (Nakashima, 1995), asasvall Italy (De Matteis et al, 2007 and 2010;



Brando et al., 2011), where the heath treated AWI85minium alloy (conventional yield stress
equal to about 20 MPa) has been applied by themi{Pe Matteis et al., 2012).

The second strategy, on the contrary, consistssoming conventional metal materials associated to
very thin transversal sections of the base plateaahigh number of transversal stiffeners to migga
mitigating buckling phenomena. The problem relatedhis solution is that if a very low shear
capacity is required, the number of transversal lamgitudinal ribs to be adopted could lead to
economical and technological counter-indications.

In order to solve these critical issues, receratiyew concept of buckling phenomena inhibition has
been analyzed by the authors. It is based on #ee afl using not connected additional plates that ar
arranged in parallel to the panel plane and theatahte to work only in its out of plane directign
innovative damper, named as “buckling inhibitedgda(BIP), has been therefore introduced.

In the current paper the main results of pilot expental tests, carried out on specimens for which
buckling phenomena are partially and completelyibitkéd, are analyzed and presented. The first
solution, named with the acronym “t-BIP” (totallyuBkling Inhibited Panel), differentiates from the
other because it is conceived in order that thébitin system restrains only the parts of the base
plate that are more sensible to the firsts and nmopertant critical modes. On the contrary, theelat
named with the acronym “p-BIP” (partially Bucklinghibited Panel), is equipped with devices able
to restrain the out-of-plane displacement of thireplate.

2. THE PROPOSED DEVICES

In figures 1 the proposed buckling inhibited sheanels are shown. These are composed by a square
articulated steel frame made by four rigid UPN120ltbup members, obtained by coupling two
channel shaped profiles, connected by means ajréd@: bolts (14 mm diameter - 50 mm pitch) to a
500 mm by 500 mm pure aluminium (5 mm thicknesgjepl This is the dissipative elements of the
system. A friction connecting system has been design order to avoid that the collapse of thedolt
could jeopardize the panel performance.

In order to limit the detrimental effects of thesslpative capacity of the proposed devices, their
possible buckling phenomena have been partiallgomnpletely restrained. In the first solution (p-
BIP), in order to restrain the first fourth criticaodes of the base plate two cross shape steekals,
having a thickness of 10 mm and a width of 140 ratrhoth side along the diagonals of the plate,
have been applied.

In the second technological solution (“t-BIP”), ander to completely inhibit buckling phenomena of
the entire base plate, two octagonal shape 10 riuknéss steel plates have been used as restraining
system.

In both cases, lexan sheets have been employeden o reduce the friction between the parts.

3. EXPERIMENTAL TESTS
3.1. Loading process and measurement equipment

In figure 2 the two tested full scale specimens sthewn. These have been diagonally loaded
according to the cyclic protocol given by the ECESM provisions (1985).

The application of a mechanical transducer alorgg dtagonal of both aluminium panels allowed
registering the diagonal displacement of the dasip elements. On the other hand, in order to
measure the relative motion between the aluminiamepand the steel frame of the “p-BIP”, four
mechanical transducers have been applied alonedipe of the system.
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Figure 1. The studied (a) Partially Buckling Inhibited Paf@iBIP) and (b) Totally Buckling Inhibited Panel
(t-BIP).

Figure 2. The tested “p-BIP”(a) and “t-BIP” (b) specimens



These types of measurements have been not profieithe “t-BIP” specimen, as the inhibition
devices did not allow the positioning of the tramsers. A pair of uni-axial strain gauges has been
glued at the centre of both “p-BIP” and “t-BIP” fm$, one in vertical and the other in horizontal
direction, to monitor the strain demand. For “p-Bl&dditional strain gauges have been glued also in
the centre of the not restrained portion alongdilhection of possible buckling waves developingeTh
applied force has been directly measured by thdingeacell of the testing machine.

3.2.Cyclic behaviour and experimental evidences

The tested dampers proved to be able to give bdighadissipative capacity, as testified by thgdar
hysteretic loops shown in Figure 3, in which thelicyresponse is represented in terms of sheassstre
shear strain relationship. Significant strengthrdding effects have been registered only when arshe
strain demand of about 9.00% (+40.00 mm diagonsppldcement) was achieved. This was due to
failures which developed on the aluminium plates.
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Figure 3. The obtained hysteretic cycle: a-BIP” and b) “-BIP”

As expected, among the two systems, “t-BIP” exkibia better performance. This was due, on one
hand, to the secondary buckling phenomena thatenfled the partially inhibited solution and, on the

other, to a sort of confinement adjustment fadtat,tat the same way of the “Compressive adjustment
factor” given for buckling restrained braces (SEAQOO01), lead to a general increasing of strength
when large deformations are attained.

By analysing more in detail the obtained results, elastic behaviour of both panel can be
approximately considered up to a diagonal displacgmf +0.50 mm. When achieved a strain shear
demand of 0.66% (diagonal displacement of £3.00 miva)“p-BIP” underwent the first buckling of
the not restrained portions, as revealed by tre@nsgauges measurement given for the centre of this
part in figure 4.
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Figure 4. Diagonal strain measurements for the not restdgjreetion of “p-BIP”



When a shear strain of 2.20% has been attainesk thetabilities were evident (Figure 5.a), startin
to influence the hysteretic response with slighthing effects (Figure 5.b).
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Figure 5. “p-BIP” experimental response for a 2.20% she@irstdemand: a) experimental evidences and b)
hysteretic cycles

On the contrary, at 2.2% shear strain, no partialégrading phenomena have been revealed on panel
type “t-BIP” (figure 6.a), as well as the given teretic cycles did not present any particular
detrimental effects (figure 6.b).

‘
|

IS
S

)
o

o

)
o

S
S

Shear Stress (MPa)

&
S

-25 -20 -15 -1.0 -05 00 05 1.0 15 20 25

Shear Strain (%) b)

Figure 6. “t-BIP” experimental response for a 2.20% shegistdemand: a) experimental evidences and b)
hysteretic cycles

For a shear strain demand of 4.40%, the instadslitif the not restrained plate portions of panat ty
“p-BIP” became relevant (Figure 7.a). Nevertheless, shape of the hysteretic cycles was not still
influenced by these phenomena (Figure 7.b). Onother hand, it has to be underlined that at the
same shear strain level, “t-BIP” shoved the firgtlding (Figure 8.a) on the small not restrained
portion of the plate closed to the lateral conmectiThese caused some pinching effects on the
hysteretic cycles, without entailing, neverthelessjgnificant reduction of the dissipative capaoit

the panel.

For a diagonal displacement of £30 mm (shear swéif.74%) some small cracks were revealed at
the vertexes of the base plate with some tearsKHigpee 9). These were due to a sort of “clamp”

action of the inhibition plates on the two facegtad devices which, being pushed in the out-of-glan

direction at their centre tended to go toward ezthbkr at their ends.

Finally, for a diagonal displacement of £40.00 nmshear strain of 9.04%), the panels achieved their
maximum strength, as evidenced by the failure eftase plate (see Figure 10).

From the analysis of the hysteretic cycles (seargid 1), it is worth of being noticed that the noati



shear strength, obtained by dividing the shearefaplied to the system by the shear area, is quite
higher than the expected one. In fact, provided tha ultimate strength of the base material,
including isotropic hardening, #&=80.0 MPa, this would have been equalrfe80~3=46.18 MPa.
The revealed discrepancy is evidently due to acfoconfinement effect of the inhibition devices on
the base plates. This leads to an increasing of/tiude system resistance of 24.1% and 48.6%, ie cas

of “p-BIP” and “t-PIB” respectively.
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Figure 7."“p-BIP” experimental response for a 4.40% she@irstdemand: a) experimental evidences and b)
hysteretic cycles
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Figure 8.“t-BIP” experimental response for a 4.40% shegistdemand: a) experimental evidences and b)
hysteretic cycles

a)
Figure 9. Local failure at the vertex of the systems fof@BIP” and b) “t-PIB”

The complete collapse of the system arose wheagodal displacement of 60 mm (shear strain of
11.37%) was reached (see Figure 12). At this stagrjre shear failure was evident, with fractures
completely developed along the edges, with no teatke centre of the panels and with the lateral



connection system not damaged. The last remari aficstate that the friction connections designed
as described in Chapter 2 worked properly.
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Figure 11.Hysteretic cycles of a) “p-BIP” and b)” t-BIP"if@ shear strain of 9.04%

3.3.Behavioural features

In order to prove the effectiveness of the proposeldtions, the results obtained from the above
experimental tests have been outlined also in tefrdissipative capacity (figure 13) secant shear
stiffness (figure 14.a), equivalent viscous damgamgor (figure 14.b), and maximum hardening ratio
(figure 14.c).

The two systems proved to be characterized byge lprotection capacity, as proved by the equivalent
viscous damping factor values of 40%-50% providgdbth devices (Figure 13a). Furthermore the
application of the steel inhibition systems allowathieving a high secant stiffness (Figure 14b) for
lower shear demand. On the contrary, accomplisthegstiff-flexible mix design criteria, for high
deformation levels a very small stiffness resulted.

Comparing the two tested solutions, panel typelR*Bpatrticularly for shear demand bigger than 1%-
2%, behaved always in a better way.

4. CONCLUSIONS

A new hysteretic damper has been proposed in tirerdupaper. It is based on the use of metal shear
panels improved by special systems able to partiai completely restrain the out-of-plane
displacements of the base plate, so to inhibitbst significant buckling modes.



Figure 12.Collapse modes of a) “p-BIP” and b)” t-BIP”
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Figure 13.Comparison between “p-BIP” and " t-BIP” in termfsa) cumulated energy and b) cycle by cycle
dissipated energy

Two experimental tests, carried out on aluminiunatgd joined to two different inhibition
technologies, have been presented. The obtainettsretearly pointed out the potentialities of the
proposed devices, which can be used as earthquateziion dampers for new and existing buildings,
provided the high dissipative capacity (maximumiegjent viscous damping factor of around 50%)
for large shear strain demands, the high initidfngtss and the significant value of the hardening
factor.

It should be highlighted that the here presentddbition technology has not to be necessarily
associated to a low yield stress material, sughuas aluminium, as it could be profitably used ditso
common steel.
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secant stiffness and c) hardening ratio
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