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ABSTRACT

This research aimed at eliciting the form of relatithat exists between level of
eccentricity (e/L) and energy dissipatiory&f an Eccentrically Braced Frame (EBF).
It continued a previous research that studiedivelatiffness of an EBF. Three sets of
EBF specimen were analysed by the merit of SAP2@0.1 computer-software to
obtain range of inelastic drifts and its corresppgdange of lateral loads. Specimens
vary in level of eccentricity (e/L) and bay to heigation (h/L). Prior to it, a formula
that calculates energy dissipation of a lateraistast structure as product of lateral
loads and the corresponding drifts was developéduaed throughout the research for
the purpose of quantifyingqEEach specimen was alternatively loaded in dioacti
confronting and concurring the bracing componentwds found that there was no
significant difference in the form of relation been e/L and g when lateral load
applied confronting bracing component from when shene load applied concurring
bracing component. Forms of each graph that relatesto E was presented and
shown to consists of two parts, divided at e/L Z 8uggesting that e/L = 0.2 might be
the point where level of eccentricity and relatstéfness of an EBF reach optimum.
Mathematical equations for the relation between afid E of an EBF were then
developed. In spite of this, an inconsistency wita prevalent theory was observed,
hence the relations between e/L andcBncluded so far were contested until further
researches be made for clarification.

Key-Words: Ductility-Drifts, EBF; Energy Dissipation; Level of Eccentricity;
Relative Stiffness.

Study into lateral-resistant steel structure has,principle, yielded three types of frame
structures: (1) Moment Resisting Frame (MRF); (8h€entrically Braced Frame (CBF), and (3)
Eccentrically Braced Frame (EBF). Each of this éia®yed considerable wide use these days as
structures for buildings, bridges, towers. etc, floe purpose of resisting lateral-seismically
induced load.

In the sphere of designing a structure againstrseitad, it has been customary to apply two
prerequisites: (1) at normal lateral loading sushhese which are induced by wind or minor-
frequent earthquake, a structure should exhibficseit strength and stiffness as not to cause
damages in the building, whereas (2) at extremdingasuch as those induced by major-
infrequent earthquake, a structure should not ¥etilile being allowed to deform inelastically;

minor damages in the building as a results are i (Hadikusuma 1985) and (Park and

Paulay 1974). The first entails that at normal ingdthe structure should be such as to possess

YLecturer of Civil-Engineering Department, Faculty of Science and Engineering, Nusa Cendana University
2)Undergraduate Sudent Civil-Engineering Department, Faculty of Science and Engineering, Nusa Cendana University
1



considerably sufficient stiffness and behave in

2 3 s elastic manner. Behaving in elastic manner, does

not demand much capacity on the part of the
structure to dissipate energy into the form of
= plastic deformation. The second demands that at

extreme loading the same structure, while

maintaining its stiffness, should be capable to
Vs

behave in inelastic (ductile) manner to dissipate
L

energy. Since a civil building in its service live

Figure 1. A Typical EBF undergoes normal as well as extreme loadings, its
structure should be such as to comply with two queisites delineated above. In connection
with it, it can be brought forward, that despite thide use they have enjoyed and the single
purpose for which they were invented, three typésstoucture mentioned above exhibit a
principle difference in the way each of them reslateral loading. Generally speaking, an MRF
resists lateral loading by way of rotational capaof its joint, a CBF by axial strength of its
bracing component, and an EBF by dissipating engnggugh flexure and/or shear plastic
capacity of its link (component 2-3 of the EBF simoim Figure 1). Since load is resisted by
rotational capacity of its joints, an MRF provesb®s ductile but possesses insufficient stiffness
(too flexible), while on the other hand, a CBF, cg&nutilizes axial strength of bracing
component(s), proves to posses sufficient stiffmegsh over that of MRF, but is less in ductility
to dissipate seismically induced energy. This difearhas led to the invention of an intermediate
form of lateral resistant structure known as Eategity Braced Frame (EBF) (Hadikusuma
1985).

A typical EBF is shown in Figure 1. In can be imésr from the figure that an EBF is a
concentrically-braced-frame with one or both enfithe bracing component are positioned at a
certain eccentricity (e in the figure) to the beaohdmn joint. Since bracing component is not
absent, an EBF nevertheless possesses sufficieotustl stiffness, whereas by having end(s) of
bracing component eccentric to the beam-columnt,jdime frame can attain considerable
ductility, either by way of plastic rotation of ijsint or plastic deformation of its link. Thus an
EBF is a steel frame that has considerable stifinasd at once is sufficiently ductile to dissipate
induced energy during an event of extreme loadiggsuch, EBF is the most suitable type of
lateral resistant structure for high rise buildingssevere earthquake zone. EBF was first
proposed by Roeder and Popov (1978), and due tsuitableness as earthquake resistant

structure, has since enjoyed much research attentio
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Many researches have been conducted to study dimeefrespecially to search for ways to
enhance its stiffness and capacity to dissipateggndo name but a view of those in this
direction conducted in recent times are: Hines dawbb (2012), Hasibuan (2010), Thene (2009)
and Saritas and Filippou (2004). While Hines antbBg2012) and Saritas and Filippou (2004)
focused on how to enhance an EBF’s ductility penfonce, Hasibuan (2010) and Thene (2009)
had moved more specifically to study the relatietween level of eccentricity and relative fame

stiffness of an EBF.

In connection with frame stiffness and energy g@son, level of eccentricity of an EBF is of
outmost important and therefore should be calléa attention. As can be observed from Figure
1, reason for this lays in the fact that at zerceatricity, i.e. when ratio of eccentricity to beam
length is zero, an EBF resembles a CBF hence fsdiffieess will be maximum and capacity to
dissipate energy minimum; while at full eccentgicite. when the same ratio reaches unity, an
EBF resembles an MRF hence frame stiffness will nbi@imum and energy dissipation
maximum. It is of outmost important therefore twielat what level of eccentricity both frame
stiffness and energy dissipation of an EBF reactmym. Thene (2009) who studied the
relation between level of eccentricity and relattdéfness of an EBF came to conclusion that in
term of relative stiffness, at level of eccentgidit the range of 0 to 0.2 an EBF shows affinity
with CBF while at eccentricity beyond 0.2 to unitiie frame shows affinity with MRF. This
indicates that eccentricity level of 0.2 could pblssbe the critical value, in terms of relative
frame stiffness, at which an EBF shifts charac

from resembling a CBF to that of an MRF.

Now question can be raised as to how 1
capacity of energy dissipation of an EBF varie

Deformed structure
h

as level of its eccentricity moves from zero

unity. This paper seeks to answer that questior

reports a research conducted recéntly energy

dissipation of EBFs. Objective of the resear

was to elicit relation between level of eccentyici

. e . Fi 2. An EBF Lat Loadi
of an EBF and its energy dissipating capaci.,, 'gure = An under Lateral Loading

! The research was conducted in 2010-2011, at thgi@as of Civil Engineering Dept, Faculty of Sciermnd
Engineering, Nusa Cendana University — Kupangesaponse to, and as continuation of that condusedqusly
by Thene (2009) at the same auspices.
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aiming at finding critical value of eccentricity athich frame stiffness and energy dissipating
capacity of an EBF reach optimum. Knowledge thatidoe furnished by these studies will be
of much help to a structure designer when selecppyopriate geometry for an EBF.

ANALYTIC EQUATIONS

Energy Dissipation

Since ductility of the frame is the interest of tlesearch, energy dissipation was therein defined
as the energy dissipated by the frame since theamppce of first plastic hinge until the
occurrence of a plastic collapse mechanism inrdr@é. An EBF under the action of lateral load
P is shown in Figure 2. As load P increases frono z@ an ultimate value, the frame, either

elastically or plastically, dissipates external rggeinduced into it by deforming to the right,

resulting in drift), . Drift will increase as P increases until a plastiechanism occurs in the

frame as P reaches the ultimate value. From thegfidng it can be construed that during the

loading of P from incipient to the ultimate staffeere exist a corresponding value &f for

every value of P. Moreover, since energy is digegbdy the deformation of material of the

frame during loading, drifts of the framé () controls the value of P. Value of P therefora is

function of drifts (A,). These can be depicted by the Lateral Load-Difi@gram shown in

Figure 3a.
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Figure 3.Lateral Load-Drifts Diagram of an EBF

The diagram depicts a function that maps driftsdlmes of load P. Shown also in the diagram
are point D1 and D2 that respectively denotes thgesof the appearance of first plastic hinge,
and of plastic mechanism in the frame. It can luded from the diagram that energy dissipated

by the frame during first plastic hinge until piashechanism is:
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E, = | 1(2,d,) W

where g is energy dissipated by the frame aryf(s the drifts function that maps drifts to load
P. Depending on geometry of the frame and mechlaniwacters of material that makes it,
drifts function can take any forms. Eliciting exdatm of drifts function of an EBF is beyond
the scope of the research and therefore was na. d&ince at most cases, load-drifts diagram
tends to flatten after first yielding (plastic he)goccurs in the frame, the function, especially
between first plastic hinge and plastic mechanisam be safely assumed as linear without
sacrificing much accuracy, and had been so assamdédat shown in Figure 3b throughout the
research. In such a case, the energy dissipatagtiebframe during first plastic hinge until a

plastic mechanism can be expressed as:

IEHCELY (W @

Equation (2) was used throughout the researchh®ptirpose of quantifying energy dissipation
of an EBF.

Level of Eccentricity and Bay to Height Ratio

Level of eccentricity of an EBF had been definedttss ratio of link length (e) to the beam

length (L), hence was expressed as dimensionles®\rbther geometric feature of an EBF that
may affect energy dissipation is bay to heightoraBay to height ratio was expressed as

dimensionless h/L, of which h is the height and the bay length of the frame.

DESIGN AND RESULTSOF THE EXPERIMENT

Three sets of EBF specimens were analyzed in geareh. Specimens in the first set has h/L =
0.5, in the second 0.75 and in the third 1.00. Emtltonsists of 6 specimens which vary in level
of eccentricity from zero to unity with an incremef 0.2. First and second columns of tables in
Appendix 4 explain the design of the specimensevigures in Appendix 1 portray them. Unto
beam component including the link was assigned| gie#file of WF 300x200x9x14, unto
column WF 400x200.8.13 and unto bracing componea®(dx90x9x14, each is of £ 300 MPa

steel.

Each specimen was modeled into SAP2000 v9.0.1 ctamgoftware, and was analyzed for
response to lateral loading using the same softwé&reconstant vertically downward

concentrated-load that represented live load wpBepon each of the beam-column joint, while
an increasing concentrated horizontal load P wadiexp at the left beam-column joint. Each

specimen underwent two events of loading. Firsg tbad P was rightward in direction
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confronting the bracing component; while secondlyyas leftward in direction concurring the
same component. At each event and for each specwagére of load P and its corresponding
drifts were recorded at two occasions: (1) whest folastic hinge occurs in the frame and (2)

when plastic mechanism occurs in the same. Appehdegisters results of the experiment.

DISUCSSION

Formulation of the Relation between Level of Eccentricity and Energy Dissipation of an EBF
For the purpose of studying the relation betweeerggn dissipation and level of eccentricity,

amount of energy dissipated by each specimen waslaged by way of Eq. (2) based on the
result of the experiment, and was plotted agaiesell of eccentricity. Figure 4 and Figure 5

show the graphs that portray the result, each ctispéy for load P confronting, and concurring

bracing component.

3000 B
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& ] . .
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Figure 4. Energy Dissipation vs. Level of Eccentricity  level of eccentricity, and dropped

when Load P Confronting the Bracing Component significantly as the level of

Y .. .
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E
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= 200.0 . fcaimati
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B w0 h/L=1.00 eccentricity in the range of 0.4 to 0.6,
lﬂ ) = - .-
" oo | “‘\_g-—_—.—:.t}—n_\ . but of small significance. Beyond that

o0 2 o4 e o8 o it kept decreasing toward zero as level
Level of Eccentricity (e/L)

~ of eccentricity approached unity.
Figure 5. Energy Dissipation vs. Level of Eccentricity o _ o
when Load P Concurring the Bracing Component Engaging inferential statistic tools of

Microsoft Excel 2007 and applied it on coordinatdsthe graphs produced mathematical

equation for each of them. Polynomials of ordeal been selected as the type of trend line by
which equation for each of the graph was asse&eefficient of correlation (B for each of the

equation is unity. Registered in the following dh®se mathematical equations, for loading
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confronting the bracing component, and for loadingcurring the same component of the EBF

specimens.
Lateral loading confronting the bracing component:

1. Forh/L=0.5

E, =2x10°(e/L)® - 4x10°’(e/L)* + 2x10° (e/ L)® +8x10°(e/ L)* + 6x10°(e/ L) +1x10%;
2. Forh/L=0.75

E, = -2x10°(e/ L)® +6x10°(e/ L)* —8x10°(e/ L)® + 6x10°(e/ L) — 2x10°(e/ L) + 2x10°%;
3. Forh/L=1.00

E, =-6x10°(e/L)° +2x10"(e/L)* - 2x10"(e/ L)® +1x10°(e/ L)? —3x10°(e/ L) + 3x10°

Lateral loading concurring the bracing component:

1. Forh/L=0.5

E, = 4x10°(e/L)°® -1x10"(e/ L)* +8x10°(e/ L)® - 2x10°(e/ L)* + 3x10" (e/ L) + 6x10";
2. Forh/L=0.75

E, =-2x10°(e/L)® +1x10°(e/ L)* —2x10°(e/ L)® + 2x10° (e/ L)? +1x10°(e/ L) + 2x10°;
3. Forh/L=1.00

E, =2x10°(e/L)* -5x10°(e/L)* +5x10°(e/ L)* - 2x10° (e/ L) + 2x10°.
In each of the equationy4ks quantity of energy dissipation [in KNmm] ananginsionless e/L is
level of eccentricity of an EBF.

Value of Eccentricity for the Optimum Energy Dissipation and Relative Stiffness of an EBF
From Figure 4 and Figure 5, and that which wasusdised in the preceding, it is evident that

each graph can be perceived as consists of twe:p@r} for 0O<se/L <02 and (2) for
02<e/L<10, divided at e/L = 0.2. Comparing this with that diene (2009) suggests that
first part might be the range of level of ecceryievhere energy dissipation and relative frame
stiffness of an EBF is maximum; and that level ofentricity 0.2 could possibly be the point
where energy dissipation and relative stiffnesaroEBF reaches optimum. However, for reason
that will be expressed in the following, these on$ should be postponed until further studies
are conducted.

I nconsistency with Prevalent Theory
An unexpected feature that demands explanationbisoosly shown by the results of the

experiment (as portrayed by the graphs). The grapbwed that capacity of an EBF to dissipate
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energy decreases as level of eccentricity increabes is, an EBF that resembles a CBF
possesses much more capacity to dissipate eneagytiie one which resembles an MRF. This
goes contrary to the prevalent theory, which stdtasa CBF due to the presence of the bracing
component will be highly stiff, possessing narramge of ductile deformation to fuse energy,
hence of least capacity to dissipate energy; waleMRF due to the lack of the bracing
component is considerably flexible, possessing walege of ductile deformation, hence of
greater capacity to dissipate energy. Results of thsearch showed the reverse, were

inconsistent with the prevalent theory, and heradefar explanation.

The inconsistency, as was brought forward in tleegaing, can be explained on the basis of: (1)
location where the first plastic hinge forms in thame, and (2) inadequacy of Eq. {(2d
explain the relation between energy dissipation Ewel of eccentricity. To understand the
inconsistency, it should be emphasized that theryheas stated in the preceding, works only at
the condition when first plastic hinge due to latdoading forms in the link-beam of an EBF.
Since a properly designed link-beam is capable idewange of ductile deformation, an EBF
with first plastic hinge forming in the link can dergo longer ductile drifts before a plastic
mechanism occurs, hence dissipate energy in a mach quantity. Presence and functionality
of a link in a lateral resistant frame thereforelsdb its capacity to dissipate energy while the
absence or non-function of the same will reduc&iitice such a link is absent, a full CBF will
show least energy dissipation capacity, and coelieen EBF, with the presence of functional
link, will show much more energy dissipation capacHowever, if first plastic hinge does not
form in the link but in other stronger componemisgich greater load P is required to form both
plastic hinges and the subsequent plastic mechanighe frame, hence calculation by way of
Eq. (2) will nevertheless result in higher energgsiation, irrespective of the presence or
absence, and hence functional or nonfunctionaheflink. Observation upon plasticity status of
each specimen used in this study (figures in Appedand 3) shows that a great number of
them had the first plastic hinge forming not in thrk but in other stronger components. This
explains why each graph above does not vary inrdeogce with the degree of presence and/or
functionality of the link-beam, that is the enedjgsipation as specimens transform from being a
full CBF to an EBF and then to a full MRF, but rconsistent with it. Moreover, when first
plastic hinge forms not in the link but in otherosiger components, drifts of the frame, and
consequently values of load P, are controlled noyréhe presence or functionality of bracing
component rather than by the presence or funcityrai link-beam. If a bracing is functionally

presence, greater load P is required to drift thmé until plastic mechanism, hence calculation

! as far as specimens used in the research arerpedce
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by way of Eq. (2) gives greater energy dissipaiioespective of the link-beam; while non-
functional or absence of the bracing componentnegllt in lesser load P to drift the frame until
plastic mechanism, hence calculation by way of (Bjjgives lesser energy dissipation, all these
again are irrespective of the functionality of ibhkam. Therefore load P and hence impression
of energy dissipation as furnished by Eq. (2), wik vary in accordance with ductility of the
frame but with the degree of presence or functipnaf the bracing component. This is
accurately depicted by the graphs shown abovepAsimens transform from a full CBF (with a
full functional and presence of bracing componednt)a full MRF (full non-functional and
absence of bracing component) energy dissipatisncaiculated by the merit of Eq. (2),
decreases. From the foregoing, it can be conclduldadsince at most of the specimens, first
plastic hinge did not form in the link but in oth&ronger component, calculation by Eq. (2) did
not describe the energy dissipation as it may ediatthe level of eccentricity of an EBF, but
energy dissipation as it may relate to the presemctor functionality of bracing component.
Adding it to the fact that presence of bracing comgnt adds to stiffness of the frame, the
equation, while intended to describe relation betweenergy dissipation and level of
eccentricity, had ended up describing, though noa ivery precise way, the relation between
frame stiffness and level of eccentricity of an EBRis explains why the graphs produced by

the research under consideration exhibits similand as those produced by Thene (2009)

(Figure 6), and not the reverse or otherwi
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as was supposed to. Results so
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should justifiably be contested.

Now, two ways can be offered as solutic

Relative Stiffness [P,/(A/h)] in KN

to this problem. First, specimens a

redesigned in such as way as to ensure Level of Eccentricity (e/L)
x J

first plastic hinge will form in the link. If Figure 6. Relation between Level of Eccentricity
that can be attained, Eq. (2) will faithfull  and Relative Stiffness of EBFs (Thene 2009)
describe quantity of energy dissipation of a ldteesistant frame, and can be applied on so
designed specimens for the purpose of elicitingtiah that exists between energy dissipation of
an EBF and its level of eccentricity. Second, bgpmsing an equation in place of Eq. (2) that
calculates energy dissipation strictly in termsdattility, that is by only considering range of
drifts of the frame in inelastic domain. If such equation can be presented, EBF specimens of
the research presently considered can neverthieéeased to study the relation between energy

dissipation and level of eccentricity of an EBF.isThaper recommends that further researches
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be made, employing one of the solutions offered,tifi@ purpose of assessing actual relation

between energy dissipation and level of eccenyrmiitan EBF, before conclusion on the matter

of optimum value of eccentricity can be accuratiigwn.

CONCLUSION

1.

For the purpose to increase knowledge about latersistant frame structures, and as
continuation of research into relative stiffnessaof EBF, this paper studied the relation

between level of eccentricity of an EBF and itsamaty to dissipate energy.

Amount of energy dissipation of an EBF can be dated as product of lateral loads and the
corresponding lateral drifts of a frame, that oscsince the appearance of first plastic hinge
until the occurrence of a plastic collapse mechmanrsthe frame (Equation (1) and (2)).

Capacity to dissipate energy of an EBF, calculétethe way expressed in conclusion 2 was
found to vary with its level of eccentricity in golomial way in the order of 5, reaching

maximum when level of eccentricity is zero and miam when level of eccentricity is unity.

There was no significant difference in the relatiween level of eccentricity and energy
dissipation of an EBF, when the lateral load apgptienfronting the bracing component from

when the lateral load applies concurring the bigicomponent.

Form of graphs that relates level of eccentrica#fL) to the energy dissipation {Eof an
EBF was shown to consist of two parts: (1) foee/L <02 and (2) for02<e/L <10

divided at e/L = 0.2.

This suggests that level of eccentricity 0.2 milgatthe point where energy dissipation and

relative stiffness of an EBF reaches optimum.

However, since most of the EBF specimens in theares did not have their first plastic
hinge form in link-beam but in other stronger comgats, conclusion 3 to 6 above are

contested.

In response to it, this paper recommends thatthduresearch be made, either by employing
EBF specimens which are designed in such a wag andure that first plastic hinge will
form in the link-beam, or by using other equatianplace of Equation (2), that calculates

energy dissipation of an EBF strictly in terms i@fnhie ductility.

Only after such a research has been made, caelti®n between level of eccentricity and
energy dissipation; and value of level of ecceiyritor the optimum frame stiffness and
energy dissipation of an EBF, be drawn.
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APPENDI X 1. Specimens of the Resear ch
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APPENDIX 2. Location of First Plastic Hinge in the Specimens when Load P Confronted
Bracing Component
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@ indicates component of the specimenwhere first plastic hinge appeared

APPENDIX 3. Location of First Plastic Hinge in the Specimens when Load P Concurred
Bracing Component
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APPENDIX 4. Results of the Experiment

h/L=0.5 Lateral load confronting the bracing component
. First Plastic Hinge | Plastic Mechanism | Dissipated Ap Ay
specimen | ¢/L| 5 1) | Ay @) | Py (N) | Ay, (mm) g‘;f:f;‘) (mm)
R0O50S00 0.0 1007000 4.92| 6680000 32.42 105.7 27.50
R050502 0.2 381500 4.84| 1960000 24.12 22.6 19.28
R050504 0.4 190000 10.73 921000 39.47 16.0 28.74
R050506 0.6 202500 13.76| 1001000 66.96 32.0 53.20
R0O50S08 0.8 174000 15.44 648000 57.09 17.1 41.65
R0O50810 1.0 124500 16.57 203400 27.09 1.7 10.52
h/L =0.75 Lateral load confronting the bracing component
. First Plastic Hinge | Plastic Mechanism | Dissipated Ap Ay
specimen | ¢/L| 5 1) | Ay @) | Py (N) | Ay, (mm) g‘;f:f;‘) (mm)
RO75500 0.0 479000 3.97| 1738000 58.55 60.5 54.58
R0O75502 0.2 219000 8.15| 1302000 46.62 29.3 38.47
R0O75504 0.4 168300 17.75 450000 46.47 8.9 28.72
R0O75506 0.6 129500 23.93 459000 83.33 17.5 59.40
RO75508 0.8 108800 27.32 410000 101.91 19.3 74.59
RO75810 1.0 86600 32.79 121400 45.97 1.4 13.18
h/L =1.00 Lateral load confronting the bracing component
. First Plastic Hinge | Plastic Mechanism | Dissipated Ap Ay
specimen | ¢/L| 5 1) | Ay @) | Py (N) | Ay, (mm) g‘;f:f;‘) (mm)
R100S00 0.0 196800 2.94| 6350000 89.18 2823 86.24
R100502 0.2 121500 9.18 701000 49.79 16.7 40.61
R100S04 0.4 99600 21.68 280000 59.07 7.1 37.39
R100S06 0.6 32400 13.17 261000 98.53 12.5 85.36
R100S08 0.8 65800 35.17 277000 145.75 19.0 110.58
R100S10 1.0 61800 49 85 85500 68.76 1.4 18.91
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h/L=0.5 Lateral load concuring the bracing component
' First Plastic Hinge | Plastic Mechanism | Dissipated ApAy
specimen | €L | 5 Ny | Ay (mm) | P, N) | A, (mm) g‘;‘g (mm)
R0O50500 0.0 30700 0.11] 5058000 24.48 62.0 24.37
R050502 0.2 52800 0.45] 2075000 25.14 26.3 24.69
R050504 0.4 84100 3.02] 822000 32.03 13.1 29.01
R0O50806 0.6 125700 8.11 972000 64.50 30.9 56.39
R0O50808 0.8 182000 15.83] 656000 57.48 17.5 41.65
RO0O50S10 1.0 126600 16.86 166000 22.10 0.8 5.24
h/L. = 0.75 Lateral load concuring the bracing component
' First Plastic Hinge | Plastic Mechanism | Dissipated ApAy
specimen | €L | 5 Ny | Ay (mm) | P, N) | A, (mm) g‘;‘g (mm)
RO75500 0.0 19900 0.06] 6250000 50.38 157.8 50.32
RO75502 0.2 32400 0.77) 1452000 51.18 374 50.41
RO75504 0.4 44000 3.89| 482000 48.55 11.7 44.66
RO75806 0.6 56200 9.54] 454000 81.25 18.3 71.71
RO75508 0.8 72500 17.39| 418000 103.15 21.0 85.76
RO75S510 1.0 87000 32.95 111200 42.11 0.9 9.16
h/LL =1.00 Lateral load concuring the bracing component
' First Plastic Hinge | Plastic Mechanism | Dissipated Ap Ay
Specimen | e/L Py (kN) | Ay (mm) | P, (KN) | A, (mm) (Ehlii.lfl‘) (mm)
R100800 0.0 11980 -0.01} 5925000 82.86 246.0 82.87
R100802 0.2 17500 0.56] 920000 63.82 29.7 63.26
R100504 0.4 23300 3.78| 330000 67.34 11.2 63.56
R100806 0.6 20580 6.61 260800 96.34 12.6 89.73
R100S08 0.8 30650 15.33 268500 139.87 18.6 124.54
R100S10 1.0 61980 50.00 80500 64.83 1.1 14.83
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