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Abstract

In recent years the redevelopment of the post-Wiéd Il reinforced concrete heritage has become
an essential action to meet energy-saving andsterfesafety and resilience of European communi-
ties. In order to overcome the major barriers ®rénovation, new solutions should follow a hatisti
approach, thus solving the structural, energy aobitctural deficiency at the same time. The inter
ventions should be carried out from outside thdding, so as to leave the building use unaltered,
with no need of user relocation, and Life Cyclenkimg (LCT) principles should be addressed. In
this paper, these main pillars are translated antinnovative technology, the steel diagrid exaskel
ton, for which a proportioning criterion is propdsdesides the assessment of its effectiveness as a
seismic risk mitigation measure. Among possiblacitiral typologies, diagrids are particularly inter
esting for their remarkable architectural potendiatl for the possible standardization of the compo-
nents.

1 Introduction

A serious action must be undertaken for a deepvegiam of the existing building stock. Earthquakes
have caused millions of victims in the last 100rgeand the improvements in the design codes have
only slightly reduced the dead toll. From a struahtyoint of view, 40% of the European buildings
have already exhausted their nominal structuralicetife of 50 years. Moreover, having been built
before the 1970s, such buildings were often buitheut any seismic regulation and furthermore, the
building collapse after a natural disaster haseatgimpact on the environment in terms of waste
production and CO2 emission [1]. Additionally, thdsting building stock is liable for 40% of the
EU energy consumption, it features obsolete enesl@md technologies, and is characterized by poor
housing condition and living discomfort. The existibuilding stock is therefore obsolete, energy
consuming and seismic vulnerable.

However, although the civil engineering communigyeses on the necessity to develop a new ap-
proach for the building design and for preventingecessary future loss, only an average renovation
rate of 1% [2] characterizes the building sectorthis context, the major barriers to the renovatio
are the inhabitants’ relocation and the long domatiof the building, the high cost of the interven-
tions and the lack of adequate business modelsriogtthe renovation [3]. To overcome these barri-
ers, integrated retrofit techniques are requireddiwe all the building deficiencies at one timéeT
intervention should be carried out from outsidegiding the inhabitants’ relocation and the building
downtime [4]. Finally, in order to favor a sustde retrofit solution, Life Cycle Thinking (LCT)
principles should be considered. To this aim, fméfated components, easily demountable, repaira-
ble and adaptable technologies using recyclableditda material should be preferred to increase the
sustainability throughout the entire building lfgele.

These considerations lead to a holistic and intedrapproach that could be achieved with the in-
novative technology of the steel diagrid exoskeldfs], which integrates the structural elements for
the seismic upgrading with the new insulation archigectural layers. The diagrid structure is as-
sembled from outside the building; standardizabbéthe connections and light pre-fabrication of its
components are compliant with LCT principles andyrba conveniently adopted in incremental
rehabilitation plans. On the basis of these comatams, a design method for diagrid structure as a
retrofit solution for reinforced concrete buildinigsproposed.

2 Diagrid design method
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The structural design of buildings is becoming eyxamplex process, in which different criteria are
taken into account, such as the structural intenastbetween the existing building and the addé#ion
retrofit structures, the use of eco-compatible mi@te demountable technology, among many others.
In the diagrid design method proposed hereafteusfas paid to 1) the geometry, which must meet
architectural and aesthetic aspects; 2) the minimsiiffness guaranteeing the existing building safet
and 3) the maximum axial force in the diagrid dia@oelements as to avoid their buckling.

2.1  Geometry and loads

The optimal diagrid geometry is influenced by salgrarameters related to the existing structure
layout and features and to the diagrid performangedar as the existing building is concerned, the
retrofitting diagrid has to comply with architecaliand aesthetic needs, as well as its layout must
enable possible envisioned living spaces expandibe. diagrid performances, instead, are strictly
related to the inclination of the diagonal elemeartd, in general, the optimal angle is a functién o
the building height [6]; for example, past researcbarried out on the use of diagrid structural sys
tems in new high-rise buildings [7] show that 99the optimal angle, which ensures maximal flexur-
al stiffness and 35° to provide maximum shearrsgE. Accordingly, for the integrated retrofit of
low-medium rise buildings, an optimal referencelangf 35° should be considered, while also ac-
counting for the geometry and the characteristitch@reference building.

The geometry of the module plays a fundamentalirotee definition of the load pattern and the
internal forces [8]. The module is composed of thiagonal and one horizontal elements. First of all,
as far as the load pattern is concerned, horizdogals and vertical loads are analyzed separately.
Assuming that the system behavior is governed byetkternal diagrid, a linear distribution of the
seismic loads is considered. The gravity loadsrepeesented by vertical loads at each node of the
diagrid [6], [7]. In the particular case of usedidgrids as retrofit measure, diagrid exoskeletnes
subject to their self-weight, while they do nothgitand the existing building vertical load. Finalby
decoupling bending and shear and by assuming lieabénding moment is resisted by the diagrid
facades orthogonal to the seismic action (“flanfgeades), whilst the shear force is counteracted by
the diagrid facades parallel to the seismic acffareb” facades), the diagrid internal forces can b
evaluated as shown in Figure 2 [9].
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Fig. 2 Diagrid module: effect of gravity load P gasiated with the diagrid self weight), over-
turning moment M and shear force V. Whegg,Fmk and Rk are the forces in the k-th
module due to vertical load, overturning moment &mel shear force, respectively; and
Npk Nmkand Nk are the correspondent internal actions.

When the diagrid is subject to gravity and seisloads, the axial force in the diagonal elements of
the k-th module at the m-th floor can be calculasdollow:
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Where, dis the distance of the i-th module from the whailegrid centroid axis (Figure 2) and is
the total number of the modules in the whole digri

Once the geometry and load pattern of the diageddafined, it the definition of the design tar-
gets is of fundamental importance.

2.2 Stiffness constraint

The design procedure is aimed at identifying tregdnal element cross-section that satisfies all the
imposed targets. In order to set the stiffnesstcaims, the limit target related to the existinglting
features and then the required minimum stiffnesddstified.

In particular, in the case of post-world war RC b, starting from the limit inter-story drift
allowed by the existing structure, the limit topplacement of the reference MDOF system can be
derived as shown in Table 1.

Table 1  Correlation between the drift allowed araltthp displacement.

Limit Drift | Inter-story displacement TOP displacement Limit Drift
[mm] [mm]

0 Si=6*hi S1o1=6*N"floors 0

Subsequently, in order to evaluate the retrofisiedcture stiffness, as suggested by Baker [10r
structural design of tall buildings, the whole gystis modeled as a cantilever beam. In the case of
shear buildings subjected to seismic loads, theligplacement is equal to:
_8pl? | 11pl*
y0)= 24A Gk T2 @

where p is the distributed triangular load on thatitever beam; E, | andsfare the elastic module,
the inertia momentum and the cross-section areheotliagonal elements, respectively; k is the Ti-
moshenko shear coefficient, and L is the buildieight. Furthermore, in order to take into account
the discrete nature of the diagrid [11]:

A =2ny Ag w1 €0s@ )
I =ng Ay, 1Sin@)

©)

where, v and n are the number of diagonals on the web facadearttle flange facade, respective-
ly. Aaw1 and Ain are the area of the diagonal elements on the wdlflange fagade; | is the plan
direction of the building parallel to the consid&seismic direction.

Therefore, by imposing the maximum displacemenj g(fual to the limit top displacement, the
minimum cross-section areas ¢ and A1 - that satisfy the stiffness target can be obthine

To summarize, the first design target is to prewetessive damage to the existing structure,
thereby avoiding the long disruption of the builgliactivities and the relocation of the inhabitants.
This target represents an essential step in thgrdpsocedure and should be calibrated as a fumctio
of the reference building features. Finally, itnsrth noting that the seismic load pattern is natog-
ly represented by a point load on each floor buhvei triangular distributed load. However, this
distribution simplifies the procedure considerablyd does not introduce significant errors in the
diagrid design.

2.3  Strength constraint

As mentioned above, the diagonal elements of thgridi are subjected to compressive stresses and
buckling may occur. Buckling is characterized byualden sideways deflection of the structural
element and in the case of diagrid as a retrofitti&m, this behavior has to be avoided.

In order to introduce the axial limit force for tkéagonal elements in the design procedure, the

limit axial force N-'™ of each commercial profile (NTC, 2008) is compareith the calculated
internal actionsNy . In particular, it yields:

N, < NEM = A '];Llwl (4)
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where A is the cross-section area of the i-th commerdiefile, oum is the maximum axial stress
allowed and the coefficiend is a function of the profile slenderness.

The choice of the boundary condition of the diagriddules and, consequently, the effective
length of the diagonal elements plays a very imgurtole in this step of the design procedure. For
this reason, different configurations of the bougdaonditions should be analyzed in order to opti-
mize the diagrid solution.

Finally, the maximum cross-section area obtainethfthe comparison between (b) and (c) repre-
sents the final dimension of the diagrid elemehtsarticular, if diagonal elements of the web and
the flange facades are different between, it yields

Agw = mMaX(Py A w2) 5)
Ayt =maxPy 1. £ 2)

where, A,w, and Airare the area of the diagonal elements in the webirathe flange facades, re-
spectively, as obtained from the 2 steps.

3 Application to a reference building

In order to evaluate the effectiveness of the aegpigpcedure, the procedure has been applied to a
reference building. The reference structure is st-fdorld War Il reinforced concrete building. Main
features and structural details are describeddp [13].

The structure is a five-story rectangular build{@gx11mq) featuring three one-way longitudinal
frames and two infilled lateral frames. The int&rg height is 3.15 m, and the structural system is
made of R.C. frames in the longest direction. Frostrizctural point of view, the building is made of
a reinforced concrete structural frame designeditiestand static loads only. Beams are designed to
withstand the vertical loads. Floors are made ofipasite RC beam and clay block system featuring
a 2.5 cm RC overlay. On the basis of previous studiéms been assumed that floors can withstand
horizontal loads (i.e. they behave like floor dieggims) by developing an in-plane tied-arch reststan
mechanism up to their ultimate capacity [12], [1Bhe staircase core is not designed to withstand
seismic loads; accordingly, the staircase wallsnateconsidered as RC seismic walls, but rather as
stiff walls with low ductility. Geometry and matal$ of the main frame are reported in Figure 3.

A B Cc

Columns 30x30cm 35x35cm 30x30cm
Floor 4 4912 4612 4612
Floor 3 4912 4614 4612 | *
Floor 2 4914 4916 44914
Floor 1 416 4918 4616 | ’
Floor 0 4016 4018 4¢16

AB-C AB-BC
Beam 24x50cm 24x50cm
Each 512 3¢12
Floor 368 918

2012 412

Materials: Concrete C25/30, Steel Feb44K
A B C
Fig. 3 Geometry and materials of the main frame.

3.1  Existing building model

The finite element model was developed with Midas@@15. In the existing building model, atten-
tion has been paid to the correct representationotfi structural and non-structural components.
Non-linear static analyses were performed in otd@valuate the structural performance of the refer
ence building in the As-Is conditions.

Infilled walls were modeled as two non-linear eglént trusses. In particular, for the infill
panels, the cracking and peak forces were evaluateodrding to Decanini et al. [14], while the se-
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lected cracking and peak drifts are in accordandbé traditional values of 0.5% drift for moderate
damage and 1.5% drift for the infill collapse [18}s a result, the equivalent truss dimensions are
1.372m x 0.13m for the shorter and 1.4m x 0.13ntHerlonger infill walls.

Once the model has been defined, non-linear statityses were performed. The reference build-
ing was supposed to be located in L’Aquila, witrs@l category and T1 topography. The capacity
curve of the reference building and the displacgrdemands are plotted in Figure 4.
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Fig. 4 Capacity curve of the existing building: dfills Cracking; 2. Infills Failure; 3. Stair core
limit strength; 4. Plastic hinges in the lateralutons; 5. Plastic hinges at the base of all
columns. Dot line: the displacement demands at ifeeSafety Limit State and Collapse
Limit State; Red line: equivalent stiffness of théséng building.

As shown in figure 4, the existing building doeg satisfy L’'Aquila displacement demands [16] and
for this reason, the renovation of the existingding is required.

3.2  Diagrid design method: application

As already specified, the retrofit is carried oanfr outside, in order to avoid inhabitants’ relocati
and it is designed with a Life Cycle Thinking apgeh.

In order to achieve the retrofit objectives, spedifesign targets were set. In particular, a maxi-
mum inter-story drift equal to 0.5% (to avoid dampgnd a maximum base shear flow equal to 300
kN/m (guaranteeing feasibility of the foundatiorstgms) were considered. Moreover, a maximum
inter-story shear action of 625 kN [12], [13] wabopted to avoid retrofit of the floors (the vale i
evaluated based on the in-plane capacity of therd)p and beyond this limit, either the retrofittbé
existing floors or external diaphragms are nee@aded on the design target choice, geometry and
loads and through the stiffness and strength caingst the design procedure led to the proportgpnin
of the diagrid.

3.2.1 Geometry and loads

As far as the diagrid geometry is concerned, tagritl was conceived to be in close proximity to the
existing building and a module angle equal to 485 been set. The resulting diagrid layout and ge-
ometry is shown in Figure 5. It is worth notingttitize selected angle compared to the optimal angle
suggested by Moon et al [5, 6] implies a 13% reiducof the diagrid module lateral stiffness; how-
ever, it is a compromise between the architecfestlires and the optimal angle of 35°.
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035
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Fig. 5 Geometry and Module. In red the diagrid andrey the existing building.

In this case, S355 tubular profiles were considered

Once the existing building performance and diafgatures were determined (figure 5), the seis-
mic load pattern and the diagrid module internatdés were derived. In particular, according to Eq.
(1), the axial forces in each module of the diagrate calculated:

N =Ny g + Ny = ,\:mdk I:sinz(ﬂ)i\{]m cos@ ) Dco;(ﬁ’ ) o

>t
i=1

It should be pointed out that, in this case, theiced loads of the diagrid were neglected becdhsi
magnitude was negligible.

cos@ )

i=1
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Fig 6 a) Forces in the diagrid module and b) Lpatiern of the whole system.

The maximum base shear of the diagrid and, consélgue were derived by setting the target dis-
placement for the equivalent SDOF systamin accordance with Mehrabi and Shing[17]:

Me (1" M{a}
“?TZ)M @
V =ke Oy

where M is the mass matrix of the whole systegmakd T are the effective stiffness and the effectiv
period of the system, respectively, andi®the total base shear.
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Is it worth mentioning that, in order to derive tiagrid base shear, an equivalent stiffness of the
structure was taken into account according toithi target set (figure 5) and an iterative proaedu
was adopted in order to take into account themeals of the external diagrid.

3.2.2 Maximum stiffness

As mentioned, the stiffness constraint objectivénisvoid extended damages on the existing build-
ing. For this reason, an inter-story drift limit 6f5% was adopted. Therefore, supposing that the
system behaves like a cantilever beam subjecteddistributed triangular load, the maximum dis-
placement of the retrofitted structure was cal@dats indicated in (2) and (3):

8pL? +11pL4 As=2ny Ay cos@)

24AGK 12@El 1 |1 =n¢ Ay ¢ singd)>

y(0)=

where, for the reference structure:
p=2Vp /L

L =15.75[m]

9=48

ny =4

n; =10

| =11.34m]

By imposing y(0) equal to the target displacement:

2 4
050 =_8PL” , 1lpL (8)
24ACGK 12

the cross-section area of the diagonal elemertieofitagrid (A) has been calculated. In addition, by
imposing a tubular thickness of 10 mm, the elentBaimeter could be determined. Therefore, the
enforcement of the stiffness constraint results in:

®, =108.41mm
5 =10.0 mm

3.2.3 Maximum axial load

Finally, in order to avoid buckling of the elemenisd to meet the strength limit constraint, the sec
ond minimum profile has been determined by comigirtt,e maximum axial force of the elements
and the maximum capacity of the commercial profieshown in Figure 7.

Strength constraint

14000 T
2445

3]
12000

10000

8000

Al

6000

4000 -

2000 - 101.8

80 100 120 140 160 180 200 220 240 260
¢ Commercial profiles

Fig. 7 Green line: Target; Blue line: Commercial peofatio Alw, Circles represent the ratio
A/w changing the profile thickness.

In this case:

Simone Labo, Chiara Passoni, Alessandra Marini, Andrea Belleri, Paolo Riva | 7



12" fib International PhD Symposium in Civil Engineering

@, =193.7 mm
S, =12.5 mm

At this point, the design profile diameter was ded as the maximum betweén and®2:
O, =193.7 Mm
Srin =12.5 Mm

3.2.4 Time history analysis

In order to validate the diagrid design procedareshear-type buildings, 7 non-linear Time History
analyses were carried out. Accelerograms compatilitie the code spectrum were determined by
adopting the software Rexel 2.2beta [18]. A maxinasgale factor equal to 2 and an upper and lower
tolerances equal to 10% and 15% were imposedwoith noting that for the selected accelerograms
the lower tolerance limit imposed by the Eurocati® fis not met. However such a requirement is not
always satisfied in the case of high seismicityaardor this reason, a lower tolerance limit was ob
tained by increasing the value by 5% starting ftbmlimit suggested by the code until a compatible
set was identified [20]. Time History results, esgsed in terms of total base shear, base shda at t
base of the diagrid, maximum axial force in thegdizal element and top displacement are reported in
Table 2.
Table2  Muax[kN]: Total base shear; Wiax[kN]: Base shear at the base of the diagrid (no ex
Building); Fuax[kN]: Maximum axial force in the diagonal elemetiodm]: Top dis-

placement.

Accelerogram Vmax[KN] V’ max[KN] Fuax [KN] Drodm]
000133 x 6643. 6096. 1553.: 0.05¢
000355 _y 8375. 8079.: 2077.¢ 0.07¢
000592 x. 4751.: 4262.: 1002." 0.03:
000600 _x. 8528.: 7637.: 1959.: 0.072
000879 vy 7510.¢ 6686.: 1691.¢ 0.06:
001726 x 10085. 9183.. 2374.t 0.08¢
001726 vy 10954.( 9766.% 2531.( 0.09(
Average 8172.8t 7387.3: 1884.3. 0.067

Results show that both the limit top displacemergatof 0.0785 (m) and the maximum inter-story
drift target are met (Figure 9a), except in theecakthe accelerograms 001726 _xa and 001726 _ya.
These results are reasonable because of the \afitles pseudo-acceleration of those two accelero-
grams in correspondence of the retrofitted buildiegiod (0.5 s) are significantly higher than the
target spectrum (1.22 times).

Finally, hand-calculation predictions, evaluatedaccordance with the design procedure de-
scribed, are very close to the model results awishio Table 3; therefore, the value of the maximum
axial force of the diagonal element derived infilet step of the design procedure is accuratethad
commercial profile choose can satisfy the demand.

Table 3  Muax[kN]: total base shear; Max[kN]: Base shear at the base of the diagrid (no ex
Building); Fuax[kN]: Maximum axial force in the diagonal elemeftiodm]: Top dis-
placement.

Accelerogram Vmax [KN] V' max[KN] Fmax [KN] Drodm]
Average 8172.8t 7387.3: 1884.3: 0.067(
Hand C. 8169.7( 7249.3( 1876.8( 0.078:
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|| d_errol - -1.87% -0.6% +15% H

The total base shear of the diagrid of 7387 kNesponds to a base shear flow of 325 kN/m; this
result could be considered acceptable becausestightly higher than the imposed limit value. Fi-
nally, concerning the inter-story shear the adopimi value is exceeded, therefore external dia-
phragms should be introduced, as shown in Figure 9b

= 001726_ya

(&)
I‘

T . = 001726_xa
4 = 000879_ya
5 - - —--4 mmmm 000600_xa
2 ; [ —— 000592_xa
-——— o = 000335_ya
2 F 000133_xa
» -6 - e -Avg.
1 — 625 kN
0 05 1 0 1000 2000 3000
a)  Inter-story Drift Ratio [%] ) Shear [kN]

Fig. 9  a) Average inter-story drift and b) floorestn along the building height for different solu-
tions.

4 Concluding remarks

This work is part of an ongoing research on théstiolrenovation of the post-WWII RC buildings. In
particular, a design procedure for the proportigrif diagrid exoskeletons to be adopted as seismic
mitigation measures was proposed in this paper.pFbeedure takes into account both the existing
building and the diagrid performances, limits amdtéires. Starting from the geometry and loads
criterion, through the minimum stiffness requireand to the maximum allowable axial force, the
minimum profile for the diagrid can be obtained.eTéffectiveness of the method was assessed
through the application of the procedure to a sfee building. The study showed that the maximum
strength limit governs the procedure in the cagh®feference shear-type building.

In the future step of the research, a much widegeaof buildings, having different characteristics
and features, will be examined and a sensitiviglysis will be carried out to detect the most caiti
parameters influencing the diagrid proportioning.

Simone Labo, Chiara Passoni, Alessandra Marini, Andrea Belleri, Paolo Riva | 9



12" fib International PhD Symposium in Civil Engineering

References

(1]
(2]
(3]
[4]

(5]

(6]
[7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

[20]

Belleri, A., & Marini, A. (2016). Does seismicsk affect the environmental impact of
existing buildings? Energy and Buildings,110, 148-1d0i:10.1016/j.enbuild.2015.10.048.
Economidou, M., Lausten, J., Ruyssevelt, P. t&nfaszek, D. (2011). Europe's Buildings
Under the Microscope(Rep.). Buildings Performanatitute Europe (BPIE).

FEMA398, “FEMA 398 Incremental Seismic Rehalaition of Multifamily Apartment
Buildings. Risk management series.” 2004.

European Climate Foundation. (2010). Roadmap 28%0actical guide to a prosperous,
low- carbon Europe Volume I: technical and econoasisesment, |, 387.
https://doi.org/10.2833/10759.

Labo, S., Passoni, C., Marini, A., Belleri, A.,i@ata, G., Riva, P., & Spacone, E. (2017).
Prefabricated Responsive Diagrids for Holistic Retioneof Existing Mid-Rise Rc
Buildings. In Proceedings of the 6th Internationah@rence on Computational Methods in
Structural Dynamics and Earthquake Engineering (COMR 2017), Rhodes island,
Greece, 15-17 June 2017.

Moon, K. S. (2008). Practical Design Guidelirfies Steel Diagrid Structures. Aei 2008.
doi:10.1061/41002(328)34.

Moon, K., Connor, J. J., & Fernandez, J. E. (20Diagrid structural systems for tall
buildings: Characteristics and methodology for ipmglary design. The Structural Design of
Tall and Special Buildings,16(2), 205-230. doi:1@24@al.311.

Maghareh, M. R. (2014). The Evolutionary ProcetBiagrid Structure Towards
Architectural, Structural and Sustainability ConseiReviewing Case Studies. Journal of
Architectural Engineering Technology,03(02). doidll¥2/2168-9717.1000121.

Montuori, G. M., Mele, E., Brandonisio, G., & ta, A. D. (2013). Design criteria for
diagrid tall buildings: Stiffness versus strengthe Structural Design of Tall and Special
Buildings,23(17), 1294-1314. doi:10.1002/tal.1144.

Baker, W. F. (2013). The Tall Buildings Referemmok. doi:10.4324/9780203106464.
Mele, E., Fraldi, M., Montuori, G. M., & Pelta, G. (2016). Non-conventional Structural
Patterns for Tall Buildingsfrom Diagrid to Hexagrid and Beyond Non-convenébn
Structural Patterns for Tall Building$rom Diagrid to Hexagrid and Beyond. In Fifth
International Workshop on Design in Civil and Envineental Engineering, Sapienza
University of Rome Representative, October6-8, 2016.

Feroldi, F. (2014). Sustainable renewal & gost WWII building stock through engineered
double skin, allowing for structural retrofit, eggrefficiency upgrade, architectural restyling
and ur-ban regeneration. PhD Thesis, Universitgretcia (In Italian).

Passoni, C. (2016). Holistic renovation of ¢éxig RC buildings: a framework for possible
integrated struc-tural interventions. PhD Thesisiversity of Brescia.

Decanini, L., Mollaioli, F., Mura, A., & Saragi, R. (2004). Seismic Performance of
Masonry Infilled R/C Frames. 13th World ConferenceEmnthquake Engineering, (165),
Paper No. 165.

A. B. Mehrabi, P. B. Shing, M. P. Schuller, ataines L. Nolan, “Experimental Evaluation
of Masonry-Infilled RC Frames. Journal of StructlEabineering, 122(3), 228-237.
https://doi.org/10.1061/(ASCE)0733-9445(1996)12228(2

“D.M. 14/01/2008, ‘Norme Tecniche per le Coginni (NTC 2008)’, Gazzetta Ufficiale, n.
29 del 14/02/2008, Supplemento ordinario n.30ltélan).”

Mehrabi, A. B., & Shing, P. B. (2003). Seismitadysis of masonry infilled reinforced
concrete frames. Masonry Soc. J, 81-94.

lervolino, I., Galasso, C., & Cosenza, E. (200®XEL: Computer aided record selection
for code-based seismic structural analysis. BulletiBarthquake Engineering,8(2), 339-
362. doi:10.1007/s10518-009-9146-1.

“[Eurocode 8]: CEN, ‘European Standard EN 12885 Eurocode 8: Design of structures
for earthquake resistance’, European Committee tlimd&rdization, Brussels, Belgium.” .
lervolino, I., Galasso, C., & Cosenza, E. (2008 XEL 2.2 beta: uno strumento per la
selezione di accelerogrammi naturali per le NTCEeilbcodice 8. XVII Congresso CTE.

10 | Innovative structures and details



