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SUMMARY:

In this paper, a new approach to design Dissipaliness Moment Frames (DTMFs) able to assure, under
seismic forces, the development of a collapse nmashm of global type is applied and combined with
Displacement Based Design procedures (DBD). Théeaptheory of plastic mechanism control, whictbased
on the kinematic theorem of plastic collapse, fentalready successfully applied for other stradtiypologies
and has been recently extended to the case of DTMFgarticular, DTMFs constitute a particular caxe
Special Truss Moment Frames (STMFs), where the ggneissipation is provided by means of special
dissipative devices located at the ends of trusderg at the bottom chord level. The effectivenekshe
proposed design approach for failure mode contasl Ieen already investigated by means of nonlisksaic
and dynamic analyses, which have demonstratedttamraent of the design goal, i.e. the developnadna
collapse mechanism of global type involving all tesipative devices. In this paper, this apprdacdombined
with the application of Capacity Spectrum Metho&RD aiming to the calibration of the stroke of gpecial
dissipative devices located at the ends of truskerg.

Keywords: Dissipative Truss Moment Frames, kinematic theorem of plastic collapse, dissipative devices.

1. INTRODUCTION

STMFs constitute a quite recent development ofiticachl MRFs where the beams are replaced with
truss girders having dissipative zones constitigdpecial segments located in the mid-span of the
truss girder (Goel and Itani, 1994; Basha and Gi@95; Chao et al., 2008). Conversely, startingifro
traditional Truss Moment Frames (TMFs), DTMFs amapdy obtained by inserting friction or
hysteretic devices at the bottom chord level aetids of each truss girder. Therefore, two spedijic
designed dissipative zones are introduced for ¢éads girder by properly exploiting the benefits
coming from the use of energy dissipation devich&lwcan be easily substituted after the occurrence
of destructive earthquakes and, in addition, arde &b prevent damage to the primary structural
system (Kelly et al., 1972; Skinner et al., 1978iaffault and Cherry, 1990). Therefore, in case of
DTMFs, truss girders and columns constitute thediegipative zones and must be designed in order
to remain in elastic range even in the case ofrdebte earthquakes, while the special devices
constitute the dissipative zones where the seiemérgy dissipation has to occur. The best seismic
behaviour for the considered structural typologghsained when all the dissipative devices located
the truss girder ends are “yielded”, i.e. invohiedhe kinematic mechanism. To this scope, a design
methodology devoted to the failure mode controDdMMFs has been developed aiming to obtain a
structure able to involve, in the collapse mechaniall the local ductility sources represented liy t
dissipative devices and to avoid yielding of thémary structural elements. The proposed design
methodology is the extension to DTMFs of a rigoronsthodology already developed for failure
mode control of Moment Resisting Frames (Mazzodem Piluso, 1997) and successively extended to
eccentrically braced frames (EBFs) (Mastrandrea Ritgso, 2009) and to Knee Braced Frames



(KBFs) (Conti et al., 2009). The aim of the propbskesign methodology is the development of a
global collapse mechanism assuring the participaticall the dissipative devices to the dissipatién
the earthquake input energy. All the columns reniaithe elastic range with the only exception of
base sections of first storey columns where pldstiges are needed for the complé¢eelopment of

a kinematic mechanism. In fact, even though disisipalevices are located at the ends of each truss
girder, common hierarchy criteria do not assur¢ afieof them are involved in the energy dissipatio
process, due to the development of partial mechenishich engage the devices of only a limited
number of storeys. The combination of a rigorousigie methodology, based on the kinematic
theorem of plastic collapse with the usedidsipative devices allows to assure that dissipatf
seismic input energy occurs only in friction or tgystic devices without the involvement of the main
structure. In other words, the best seismic peréme of DTMFs is reached when a global collapse
mechanism is achieved (Fig. 1), whose developnsetitd primary goal of plastic design of seismic—
resistant structures.

The proposed design method has been presentedewops works (Longo et al. 2009, 2011)
providing all the details for its practical applicen (Longo et al., 2012). In addition, a prelimina
validation of the design procedure has been caoigdwith reference to several designed structures
by means of non-linear static and dynamic analysesgo et al. 2009, 2011, 2012). In this paper,
particular attention is devoted to the calibratdithe stroke of devices. This design issue cafabed

by means of Capacity Spectrum Method (Fajfar, 198@nparing the capacity curve of the structure
obtained by means of a Push Over Analysis, withdiimand curves derived from the elastic design
spectra, in ADSR format, provided by the seismidecdn particular, by means of the relationship
between the sway displacements of the actual smeiend the sway displacement of its equivalent
SDOF system, it is possible to estimate the digphent demand required to satisfy a given limitestat
for a given seismic intensity measure, selectedrdarg to the seismic hazard of the site. The
displacement demand of the equivalent SDOF sysserelated to the displacement demand of the
actual MDOF structure and, as a consequence, tomaemum displacement demand of the
dissipative devices whose stroke is design accgiglin

In addition, the results of incremental non linedgnamic analyses carried out with reference to the
examined structure using OpenSees computer prodd®#89), have been compared with the
displacement demands predicted by the applicatiddSM which is the tool to design the stroke of
the dissipative devices located at the ends oftgislers at the bottom chord level in the proposed
structural typology.

2. DESIGN METHODOLOGY

The proposed design procedure is based on the &iietheorem of plastic collapse and on second
order plastic analysis. It starts from the obseowvathat collapse mechanisms of the considered
structural typology subjected to horizontal foraem be considered as belonging to three main
typologies, where the collapse mechanism of gldyaé is a particular case of type-2 mechanism
(Longo et al. 2012). The control of the failure raazhn be performed by means of the analysis of 3n
mechanisms (beingsthe number of storeys). The method starts fromktievledge of truss girder
sections and of the resistance of the dissipatiwécds. The truss girders are designed to resistake
loads, while the threshold resistance of the dasip devices is chosen to be less than the axial
resistance of the chords assuring the preventionetding or buckling in the structural elements of
the truss girder. The unknowns of the design praokdee the column sections whose plastic modulus
has to be defined so that the kinematically adilissinultiplier of horizontal forces correspondirag t
the global mechanism has to be less than thosespmnding to the other 3h kinematically
admissible mechanisms. According to the upper bdliadrem, the above stated multiplier is the true
collapse multiplier, so that the global failure redd the mechanism actually developed. In pasdigul

it is imposed that the mechanism equilibrium cujwed) corresponding to the global mechanism has
to lie below the equilibrium curves correspondingall the other undesired mechanisms within a
displacement range compatible with the local digtdupply of dissipative elements. This approach
allows the prevention of column yielding, takindaraccount also second order effects (Mazzolani
and Piluso, 1997; Longo et al., 2012).



3. APPLICATION

In order to evaluate the accuracy of the propossibd methodology, an adequate number of DTMFs
having different numbers of storeys (4+10) has lmsigned. In particular, for sake of shortnesk; on
the results of an eight-storey DTMF will be disab# this paper.

The building plan configuration is symmetric wigference to the two orthogonal directions (Fig.3.1)
as a consequence, neglecting the accidental todsierto the random variability of live load locatjo
the distribution of the seismic horizontal forcesamg the seismic resistant systems is immediately
obtained. S275 steel grade has been adopted. Eorflear the dead load (Bis equal to 3 kN/m
and the live load (Q is equal to 2 kN/f

In Table 3.1 the member sections of truss girderd #ne column sections resulting from the
application of the proposed design procedure arengiRegarding the elements of the truss girder, th
spacing between UPN profiles (i.e. the thicknesthefgusset plate) is equal to 15 mm. In the same
table, the buckling resistance f of chords and diagonals are also pointed outskke of synthesis
only the case of an eight storey frame with thr&shesistance of dissipative devices equal to 885 k
(corresponding to 50% of the buckling axial resis&aN, rq0f the chords of the truss girders) is herein
presented, although the analyses have been cauteslith reference to DTMFs with different values
of the threshold resistance of dissipative devices.

Table 3.1Results for the 8th storey DTMF with thresholdstsice of dissipative devices equal to 665kN

Storey Chords Ng=1330kN Diagonals s =788kN | External columns [mm] Internal columns [mm]
1 2UNP 240 2UNP 140 SHS 700x22 SHS 780x26
2 2UNP 240 2UNP 140 SHS 640x20 SHS 720x24
3 2UNP 240 2UNP 140 SHS 580x20 SHS 660x22
4 2UNP 240 2UNP 140 SHS 580x20 SHS 660x22
5 2UNP 240 2UNP 140 SHS 580x20 SHS 660x22
6 2UNP 240 2UNP 140 SHS 560x19 SHS 640x20
7 2UNP 240 2UNP 140 SHS 500x18 SHS 560x20
8 2UNP 240 2UNP 140 SHS 400x14 SHS 460x16

D43 D44 D45 D46 D47 D48 3
_/_—1200 7N 1200 - 1200—_’_ <
L_f 77777 7-7- 7777777 _T 7777777 T D37 D3§ D39 D4p D41 D423
-t F-V
<1 L Lt tL 1 | D31 D37 D33 D34 D35 D:6§
:: :: :: :: D25 D26 D27 D28 D29 DZOE
st b1
(F\l' D19 D20 D21 D22 D23 D24§
] + + = D13 D14 D15 D1p D17 Dl 8
St vttt
St-----Vy-F-F-----F------- D7 D8| D9 D10 D11 D12§
J-;77777 7-;7777777-;7777777-- D1 D2| D3 D4| D5 o D6 B
= N = ~ g N

N
\

) 2%,
b dissipative device "yielded"

\
\

Figure 3.1.Analysed structure and numbering of dissipativaaiss

4. CAPACITY SPECTRUM METHOD

After severe earthquakes, especially after Norgaridnd Kobe earthquakes, researchers have been
spurred towards the improvement of design rulesiged by seismic codes. In U.S.A., the structural



engineering community has been involved in the ggscof developing a new generation of design
and rehabilitation procedures incorporating perfamoe-based engineering concepts (UBC, 1997,
NEHRP, 2001a; NEHRP, 2001b). Among them, the pajtylaf the so-called Capacity Spectrum
Method (CSM) has increased quickly.
By means of graphical procedures, the CSM compliestructural displacement capacity with the
displacement demand due to the earthquake grountibrmorhe capacity of the structure is
represented by means of a force-displacement cabiined by a non-linear static (push-over)
analysis. Base shear forces and top sway displadsmee converted into spectral accelerations and
spectral displacements, respectively, of the elgdtistic equivalent SDOF system. These spectral
values define the capacity spectrum. The demanddalthe earthquake ground motion are defined,
for each considered limit state and for the defisedsmic zone, in terms of elastic spectra. The
Acceleration-Displacement Response Spectrum (ADR&mat is used, providing spectral
accelerations versus spectral displacements. Tteeséttion between the capaciyectrum and the
demand spectrum provides an estimate of the inekasteleration and displacement demand.
In such a way it is possible to determine the maxmdisplacement demand of the equivalent SDOF
system and, by means of the relationships conmgdtie response of MDOF structures to the
equivalent SDOF system, the maximum design displecé of the actual MDOF system can be
obtained.
Two seismic force distributions are usually consédein performing the push-over analysis of the
structure. The first force distribution is proportal to the storey masses (I distribution) wheteas
second one (Il distribution) is proportional to theduct between the storey masses and the storey
displacement corresponding to the first vibratiawden of the structure.
For each force distribution, the method can beiaggly means of the following steps:
1) definition of the capacity curve in terms of topagwdisplacementdj and base shear forceg)

by means of a push over analysis of the MDOF system
2) definition of the capacity curve of equivalent SD&Stem by means of the following relation:

V,
Fr=Yo. ge=d (4.1)
r r
where " = z nm @glziNzlmi [ is the participation factor of first vibration medndV, is
the value of the base shear force. Successiva\Gdpacity curve of the equivalent SDOF system
can be approximated with a bilinear curve by mexrike following relation:

-_F (4.2)
y k*
where F; and d are the coordinates of the yield point of thenigitir curve system arkd is the

d

stiffness of the elastic branclk” can be evaluated by imposing the intersection eemwthe
capacity curve of the equivalent SDOF system amdethstic branch of the bilinear curve at the

value of 0.60Vy, beingVy, the maximum value of thE*-d* curve. Fy* can be evaluated by

imposing the equality of the area under #ted* curve and the bilinear curve up to a value
included in the range (0.85-1.0@), on the softening branch Bf-d* curve.
The vibration period of the equivalent SDOF sys{é#) is equal to:

(4.3)

3) Using the elastic spectrum in terms of displacesjght maximum displacement response of the
bilinear equivalent SDOF system can be determiifethe vibration period of the equivalent
bilinear SDOF system T* is greater thap(Where T is the limit value of the constant spectral
acceleration branch) the displacement demand ofntblastic system is assumed equal to an

elastic equivalent system having the same peritid<(d, ... = S,.(T")). In the opposite case, if
T*< T, the displacement demand of the inelastic syssegnaater than the one corresponding to

*



the elastic system. In this case the displacementiadd is evaluated by means of following
relation:

. d:
ai, =i;{1+<q*—1>
g

T . ,
where g* = %m* and n = z N m g is the mass of the equivalent SDOF system.

y
In this paper, the ADSR spectrum provided by Italkeismic Code (D.M. 14/01/2008) with reference
to the seismic zone of Reggio Calabria - Soutly ltebrresponding to a seismic intensity having 5%
probability of exceedance in 100 years (1950 yeeittsrn period) has been considered. This seismic
intensity is referred to the collapse preventioRY@mit state and to a building reference life alow
100 yearslIn addition, a soil type A (stiff soil conditiongnd topographic coefficient equal to 1.4
have been used.

T ,
1> dg a 4.4
T*} | (4.4)
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Figure 4.2.Push-over curves and bilinear approximation



With reference to the designed eight storey DTMBW{& 3.1) the push-over analyses carried out
using the two seismic force distributions providadthe code (the first one is proportional to the
storey masses whereas the second one is propdtiai@ product between the storey masses and the
deformation shape of the structure correspondinbedirst vibration mode) have been performed.
The push-over analyses have been carried out bypsmelaSAP2000 computer program (2007). In
particular, columns have been modelled using bealomm elements with the possibility of
developing plastic hinges at their ends. Moreottes, truss girders have been modelled using truss
elements having the possibility of yielding underah forces. Finally, also the dissipative devices
have been modelled by means of non-linear trusaerliess whose “yield” axial load represents the
axial threshold resistance of the device.

The push-over curves and the corresponding biliaparoximations obtained with reference to the
eight storey DTMF are depicted in Fig. 4.2. Startfrom these curves, by means of Eqg. (4.1) and
(4.2), the push-over curves of the equivalent SD&Stem and the corresponding bilinear
approximations are obtained for each seismic fdrsibution.

In Fig. 4.3, the ADSR spectrum corresponding to skeesmic intensity measure for the collapse
prevention limit state (CP) and to the selectetlaltaseismic region is overlapped to the bilinear
approximation of the capacity curves of the eqenaSDOF system for the two horizontal seismic
force distributions. The intersection points betwedhe extension of the elastic branches of the
equivalent SDOF systems and the ADSR spectrum geovhe displacement demands of the
equivalent SDOF systenfg*) for the given seismic zone. By means of Eq. (#h&) displacement
demand of the analysed eight DTMF structuflec@n be evaluated.
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Figure 4.3. Application of CSM to the designed DTMF for Regg@lalabria seismic zones
Table 4.2 provides the results obtained for the ¢aosidered seismic force distributions in terms of
displacement demand of the equivalent SDOF sygtém displacement deman(l) of the actual
MDOF system (eight storey DTMF) and correspondinfj @ (i.e. the ratio between the displacement
demand of the structukand the total heightl of the structure). In addition, in the same tadilg¢he
parameters defining the equivalent bilinear SDOdtesys have been reported.
It is possible to note that the second force distron provide, for the considered spectrum, the
highest value of the displacement demand andcassequence, the most severe value of the required
drift ratio. In particular, the required drift ratis equal to 0.95% for first seismic force disitibn and
1.10% for the second seismic force distributionisTimeans that, with reference to the collapse
prevention limit state, the value of the requirtdlee of the dissipative devices located at thesesfd
the truss girders is equal to £0.011 x 1000 = 1P for Reggio Calabria seismic zone, being the
lever arm of the truss girders, i.e. the distaret@/ben the chords, equal to 2000 mm.



Table 4.2Results of capacity spectrum method for the desiddTMF

Reggio Calabria Seismic Zone£1950 years)
| seismic force distribution Il seismic force diktition
M=1.336 M=1.336
F,*=1399.55 kN *=1122.70 kN
d,*=10.60cm ¢*=11.29 cm
K*=132.03 kNcm K*=99.44 kKNcm
m*=7.47 kN seticm m*=7.47 kN setcm
T*=1.49 sec T*=1.72 sec
d* [cm] d [cm] 0 [rad] d* [cm] d [cm] 0 [rad]
25.67 34.30 0.95% 29.59 39.53 1.10%0

5. INCREMENTAL NON LINEAR DYNAMIC ANALYSES

In order to check the accuracy of the proposedydesiructure, the seismic response of the strectur
has been investigated by means of nonlinear dynamatyses carried out using OpenSees computer
program (1999) which allows to model the structetaments using nonlinear fibres elements.

The dissipative devices are modelled using zergthespring elements having the possibility to
reproduce the hysteretic behaviour of the dissipatievices by means of an appropriate calibratfon o
the “yield” threshold. Out-of-plane stability checkf compressed members have been carried out for
each step of the analysis according to Euroco@9a5)).

Aiming to perform incremental dynamic non-lineaabses (IDA) all the records have been properly
scaled to provide increasing values of the specaadelerationS(T;) corresponding to the
fundamental period of vibration of the structurgua toT,=1.34 sec. In particular, the analyses have
been repeated increasing tB€T,) value until the occurrence of structural collaps®yesponding to
column, chord or diagonal buckling, or to the coetpldevelopment of a collapse mechanism or up to
the attainment of the limit value of the peak iaterey drift ratio (PIDR) assumed equal to 0.04 rad
This last value is also the maximum plastic intmesy drift angle assumed for the evaluation of the
design displacement to be used in the design #hgoeffior failure mode control (Longo et al., 2012).

In Table 5.3 the ground motions used for Incremddy@mamic Analyses are reported. It is important
to underline that the spectra of the consideredrgtanotions are compatible with the one provided by
Italian Seismic Code.

By means of IDA the actual behaviour of the struettan be investigated. In particular, in Fig.5h,
maximum interstorey drift ratio MIDR (i.e. the maxam PIDR among the different storeys) versus
spectral acceleration has been reported. In addiiio the same figure, the value of the spectral
acceleratiors,(T,) corresponding to the period of vibration of theusture T; =1.34 sec) and to 5%
probability of exceedance in 100 years, for thesagred Reggio Calabria site, has been pointed out.
For this selected value of the spectral accelaratie MIDR values exhibited by the actual MDOF
system can be evaluated for each considered growiibn. In particular, MIDR values equal to
0.80%, 1.25%, 1.50% and 1.70% are obtained forliF@azli, Tokyo and Helena ground motion
records, respectively. As expected, these resuits put a significant scatter due record-to-record
variability of the seismic input.

This variability source is not accounted in theified version of the capacity spectrum method, wher
the demand values provided by CSM have to be cereidust as a rough estimate of the mean value
of the seismic demand.

Therefore, in order to compare the results providgdCSM and IDA, the average value of MIDR
provided by the four considered ground motions Ieean considered. This mean value is equal to
1.31%, so that it can be concluded that in the eéx@ancase the percentage difference between CSM
results and IDA results is equal to -16%. It isagoeptable accuracy compared with the simplicity of
the capacity spectrum method which can be suggestadsimple approach to design the stroke of the
dissipative devices. However, it has also to beedimed that this accuracy is probably due to the
benefits coming from a structure designed to assureollapse mechanism of global type, i.e.



structures which, more than structures designeld etfter criteria, can be modelled with an equivalen
SDOF system.

Table 5.3Set of historical ground motions used for IDA

Record Date Component| Length [sec &/ S(T)/g

Gazli USSR (Karakyr) 17/05/197/6 N-S 16.25 0.608 304

Helena MONTANA (Carrol College] 31/10/1935 E-W 9.67 0.153 0.1467
FRIULI (San Rocco) 15/09/1976 N-S 16.92 0.035 09088
TOKYO 1956 N-S 11.40 0.075 0.0364

In addition, in this paper, also the effectivenetshe design methodology has been investigated by
means of the interpretation of the results deriiogn IDA.

The main goal of the analyses performed is to gafiormation on the elements involved in the
seismic energy dissipation. In particular, befdre tevelopment of the collapse mechanism, all the
dissipative devices are involved in the seismiagndissipation whereas all the columns and all the
truss girders are in elastic range. For each awggiem, the MIDR reached the limit value equal to
0.04 rad before the complete development of a pedamechanism. Finally, for each dissipative
device, in Table 5.4 the seismic energy dissipatetithe corresponding cumulated plastic excursion
(given by the ratio between the total energy dasig by the device and its yield threshold) havenbe
reported with reference to Helena accelerogramedcatiS,(T;)=1.4 g corresponding to a PGA equal
to 1.46 g leading to the limit value of the drifighe. In the same table, the seismic structuralasem
expressed in terms of maximum displacement requivedevices (stroke) are also pointed out. In
particular, for Helena record scaled as speciflamira, the maximum required displacements are equal
to 40.18 mm testifying that the stroke of the qiasive devices can be easily obtained by an
appropriate design of such devices. In particutals important to underline that such values are i
excellent agreement with the product between tlegdeplastic rotation of base columns, equal to
0.04 rad, and the lever arm of truss girders, etmal000 mm. Furthermore, all the devices are
involved in the seismic energy dissipation, becabsecumulated plastic excursion of the devices is
always greater than zero whereas all the primawngstral elements are in the elastic range. Thesefo

it can be concluded that the design goal has betelally obtained.

The above briefly summarised results have beenrmatdor all the analysed ground motion records
confirming the accuracy of the proposed design oukifogy.

This result represents an excellent seismic pedao®, because when the limit value (0.04 rad) ef th
interstorey drift is achieved the PGA is very laegel the collapse mechanism is not yet developed.
Moreover, after destructive earthquakes, dissipatilevices can be substituted, provided that
permanent deformations can be recovered by brinb@gtructure back to plumb.
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Figure 5.4.Maximum Interstorey Drift Ratio versus spectrateleration



Table 5.4 Dissipated seismic energy and equivalent corredipgrcumulated plastic excursion of dissipative
devices for Helena record scaled t619=1.40 g.

Energy Equivalent required Energy Equivalent required
Dissipated| cumulated plastic | stroke Dissipated| cumulated plastic | stroke
Device | [kNm] Excursion [mm] [tmm] | Device | [kKNm] Excursion [mm] [£mm]

D1 45.26 68.07 15.64 D25 539.59 811.41 34.68
D2 20.8 31.27 18.26 D26 53.34 80.21 37.48
D3 20.8 31.28 15.48 D27 54.45 81.88 34.86
D4 20.97 31.53 18.37 D28 53.74 80.81 37.715
D5 20.66 31.06 15.48 D29 54.03 81.24 34.95
D6 21.28 32 18.65 D30 54.01 81.22 37.9¢

D7 196.93 296.13 24.69 D31 419.53 630.87 30.04
D8 40.87 61.46 27.55 D32 43.68 65.68 32.85
D9 42.58 64.03 24.82 D33 44.78 67.34 30.26
D10 41.25 62.04 27.71 D34 44.02 66.19 33.15
D11 42.2 63.45 24.83 D35 44.57 67.03 30.35
D12 41.47 62.36 27.75 D36 44.23 66.51 33.33
D13 338.96 509.71 32.11 D37 449.0% 675.26 26.03
D14 51.46 77.38 34.83 D38 33.83 50.87 28.57
D15 53.53 80.5 32.13 D39 35.58 53.5 26.01
D16 51.92 78.07 35.01 D40 34.21 51.45 28.9

D17 53.06 79.79 32.17 D41 35.36 53.17 26.12
D18 52.24 78.55 35.25 D42 34.62 52.06 29.37
D19 468.03 703.8 36.97 D43 102.63 154.33 16.23
D20 57.81 86.93 39.5 D44 15.08 22.67 17.85
D21 59.58 89.6 36.84 D45 16.92 25.45 15.33
D22 58.21 87.54 39.73 D46 15.26 22.95 18.p

D23 59.17 88.98 36.92 D47 16.7 25.12 15.42
D24 58.6 88.11 40.18 D48 16.23 24.41 19.99

6. CONCLUSIONS

In this paper a design methodology aimed at tHer&aimode control of Dissipative Truss Moment
Frames has been applied with reference to an stghgy building. The main feature of the analysed
structural typology is due to the innovative useligipative devices located at the bottom chovdlle

of truss girder ends. Therefore, DTMFs are esdgntiass moment frames where truss girders are
equipped with dissipative (friction or hysteretidpvices whose aim is the dissipation of the
earthquake input energy. The combination of thigcstiral typology with a rigorous design procedure
for plastic mechanism control allows the desigrstofictures where, under severe seismic events, the
primary structural members are free of damageadn, the seismic energy dissipation is exclusively
concentrated in the specifically located dissipatievices.

Non-linear static analyses have been carried otht igiference to the designed eight storey building
aiming to provide the criteria to design the strakethe dissipative devices. To this scope, the
Capacity Spectrum Method has been applied. Susedgsiby performing non-linear dynamic
analyses, the effectiveness of the design methggdias been demonstrated.

For sake of shortness, only the results dealin thi¢ seismic response of an eight storey DTMF have
been discussed in this paper. However, the predingiresults of incremental dynamic analyses herein
presented and those performed with reference ter githemes have pointed out the accuracy of the
design methodology, because all the dissipativeicdsv (friction or hysteretic devices) are
significantly involved in the seismic energy disgipn without any involvement of the main structure
The value of the maximum required drift angle (oied for Reggio Calabria site) is less than the
value of the local ductility used in the applicatiof the design methodology for plastic mechanism
control (equal to 0.04 rad) and, therefore, itdmpatible with the assumed column plastic rotation.
Finally, the obtained results show that the CSMvijgl® a useful tool to design the stroke of the
dissipative devices.



7. REFERENCES

Basha, H.S. and Goel, S.C. (1995). Special trussiend frames with Vierendeel middle panEhgineering
Structures 5, 665-701.

CEN. EN 1993-1-1. (2005) Eurocode 3: Design of ISkrictures. Part 1: General rules and rules @iidings.

CSI. SAP 2000 (2007). Integrated finite elementiysis and design of structures. Analysis refere@mmputer
and Structure Inc., University of California, Beldg

Chao, S., Goel, SC., Lee, SS., (2007). A seismgigdelateral force distribution based on inelastiate of
structuresEarthquake Spectra; 23: 3, 547-69.

Conti, M.A., Mastrandrea, L., Piluso, V. (2009):|4Btic Design and Seismic Response of Knee Braced
Frames”, Advanced Steel Construction, Volume 5yds3, pp. 343-366.

DM 14/01/2008 (2008). Nuovo Testo Unico sulle Cazimni. Ministero delle Infrastrutture, Ministercegli
Interni e Capo della Protezione Civile Italiana;

Fajfar, P. (1999). Capacity spectrum method basethelastic demand spectriaarthquake Engineering and
Sructural Dynamics. 28: 9, 979-993.
Filiatrault, A. and Cherry, S. (1987). Performareeluation of friction damped braced steel framaden
simulated earthquake loadZarthquake Spectra. 3, 57-78.

Filiatrault, A., Cherry, S., (1990). Seismic desifgm friction damped structuréASCE Journal of Structural
Engineering. 1165, 1134-1355.

Goel, S.C., and ltani, A.M. (1994). Seismic behaviof open-web truss-moment frames. Journal ofc8iral
Engineering.120.6, 1763-1780.

Kelly, J. M., Skinner, R. I. and Heine, A. J., (B97Mechanisms of Energy Absorption in Special Resifor
Use in Earthquake Resistant StructurBslletin of the New Zeland National Society for Earthquake
Engineering. 5, 63-88.

Longo, A., Montuori, R., Piluso, V. (2009). Failureode control of dissipative truss moment franf@sth
international conference on advancesin steel structures. Vol Il: 865-874.

Longo, A., Montuori, R., Piluso, V. (2011). NonlameDynamic Analyses of a Design Procedure for DTMFs
7th International Conference on Steel and Alumirgtnuctures (ICSASNol. |, 542-547.

Longo, A., Montuori, R., Piluso, V., (2012). Theaooy plastic mechanism control of dissipative trassment
frames Engineering Sructures, 37: 63-75.

Mastrandrea, L., Piluso, V. (2009): “Plastic DesirEccentrically Braced Frames, II: Failure Modengol”,
Journal of Constructional Steel Research, Volume 65, Issue 5, pp. 1015-1028.

Mazzolani, F.M., Piluso, V. (1997). Plastic DesiginSeismic Resistant Steel FramEarthquake Engineering
and Structural Dynamics. 26: 167-191.

NEHRP, (2001a). Recommended Provisions for the Deweent of Seismic Regulations for New Buildings
(FEMA 368),Federal Emergency Management Agency, Washington, D. C.

NEHRP, (2001b). Commentary on Recommended Prowsionthe Development of Seismic Regulations for
New Buildings (FEMA 369)Federal Emergency Management Agency, Washington, D. C.

OpenSEES - Open System for Earthquake Engineeiimgyl&ion (1999): Pacific Earthquake Engineering
Research Centre, University of Berkeley, California

Skinner, RI., Kelly, JM., Heine, AJ. (1975). Hystsis dampers for earthquake-resistant structéarshquake
Engineering and Sructural Dynamic; 3: 287—-296.

UBC, (1997). Uniform Building Code, Internationabference of Building Officialsphittier, CA.



