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Background/Motivation/Goals

Background

o4 & ; i" -
1

Issues | > U

Plastic hinges

Nonlinear behavior and dangerous damage
mechanisms

Heat island due to high |ntenS|ty bundlngs
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Background/Motivation/Goals

Motivation

 How to mitigate these issues in parallel?

« To relax the structural linear behavior assumption to include a more realistic
nonlinear response that accounts for damage.

Goals
« To assde_]g,sdhow O’Iche struFturaI rgs onse
iIs modified under nonlinear behavior
assumption and evaluate the Tuned mass
effectiveness of the integrated damper

techniques in mitigating inelastic effects

« To assess the suitability of the control
des?n_ process based on linear
elasticity assumptions when accounting

for nonlinear structural behavior

(TMD)
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Methodoloy

TMD or TMDI?
@ Important conventional |:> detuning |:> solved with non-conventional
TMD issue TMD/large mass TMD/ TMDI

O Large mass TMD/ non- |:> Issue with columns :> solved it using a small

conventional TMD resistance mass ratio with TMDI
Inerter device
© Devices two terminals relative acceleration produces y—s—* ¢ .  Sra—
an inertial force which contrasts the structure motion ; |/
u b u, 1. u af
F ! . - 2 F F:b(ul—uz) F
O b inertial mass = inertance
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Methodoloy

Seismic interventions (#S)

existing roof mofexisting roofwith Increased enersge};s(;iri):fsi?l,ator existing roof roof en?perform:ﬁggi:;?ztirz;lii; existing roof hghtwr;:ight e p?@nait{;‘OOfcons,thtion
- _‘_tjézonnection -------- = (:emolition u F -\\Seis::z .
) /frame i e rame ) /frame
#S1 #S2 #S3
Roof disconnection and isolation ~ Demolition of the existing roof =~ Construction of a new lightweight
from the substructure with seismic and reconstruction of a new energy performant roof above the
isolators and renovation of the ~ energy performant roof isolated  existing building isolated from the
existing roof with increased from the substructure with substructure with seismic isolators
energy capacity, realizing a non- seismic isolators, realizing a and inerter, realizing a small mass
conventional TMD large mass TMD TMD + inerter, i.e. TMDI system
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Mechanical models :> M-DOF + control

Methodoloy

S 9.
O TMDI oTMD(b;O) systemﬂ 2-DOF mode'IA\ ot
I T ssumed variables:

Design - objective function to maximize an
energy dissipation index EDI

—> dissipated energy scalar measure respect
to the total energy input by a dynamic action
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— 't
d u=-

dA¢ =1- ¢, jtop floor, k ground
floor 2> ¢«=0

dp = 2 based on previous studies

my

Design parameters:

_ or
av=y,
_ T
|:> D gT - 2(mp+b)wr
d Koptimal Ad hoc for each
control system
H Coptimal y
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Modify the radiative thermal
properties of the outdoor surface
of the roof thanks to the cool
material painting

92% /- 92%
75%

solaf nﬂectén« emittance
Cool roof:
use of a cool material
painting
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Methodoloy

To install photovoltaic panels
on the surface

4

Based on the available
surface the choice of the
number of panel moduli and
the corresponding resultant
peak power is evaluated

Installation of an "extensive" green
roof with thickness 30 cm

greenery

,. : -—_—-—_—-"'::_ soil
s~ ___——filter sheet
¢ drainage layer

retention sheet
anti-root barrier
waterproofing sheet
structural roof

-—- -
SRR -

Green roof:
installation/building of a
green roof system

Photovoltaic roof:
installation of a
photovoltaic system
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Integrated interventions

#I12

Methodoloy

. . Intervention U v ér
.............. (%] %] %]
e #I11 0.57 0.61 0.30
#I12 0.59 0.59 0.30
#I13 0.50 0.64 0.28
#114 0.03 0.83 0.34
Intervention  my kr cr
[kNs*/m] [KN/m]  [ton rad/sec]
#I11 92.00 7563.76 496.01
#S2 - Large mass TMD #E3 - Green roof #112 95.25 7625.60 512.38
. l ]| 4113 80.00 7278.60 433.89
= ﬁi #114 7.00 9218.45 650.78
[ I
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Case study

Section (plane yz) Plan (plane Xy)
B

)

Case study

® ® - r
T 562.5 ' 562.5 ; o 20 : 1442 20
+9.00, ! - 470 | 505 470
o I (A1 [y B5x05 -, Bo5x55 BI5x55,
- i N SLAB + P40x35 | '|Paox3s ,Tmoxas messl
8 : : H=20cm : " @ | % % )
1600 " lil-——c40x35 e C40x35 ——C40x35 o ﬁ SLAB H20 | g SLAB 120 % SLA H20 ﬁ
__; I T TR I . T s o .I. © | |
=) T : \_SLAB |[ = g g F?40x35 ! : E %35 IzwaS wafﬁ:
= | H=20cm || 040435 (_@}“—“————F1335x55 A== = R35x55 - E---B35x55- 14 -
+3.00 |[~—C40x35 |-——C40x35 i | !
3 |. | - A Q | g g :.fq
L | CoLAB : 9 54 SUB 120 | 5 -SUBH20 XSS HA0 X
0.00 | |ilF—C40x35 - C40x35 | 9 10 11 12
— | | | Z P40x35 g | P40x35 P40x35 P40x35 |
] ] 1] Y @f B RTEE S RIS RS
from 1 to 4 from 5 to 8 from 9 to 12 l ‘ < b !
Building characteristics Y ? X
Site Catania, Italy Structural elements Section dimensions
Number floors 3 Columns 40x35 cm
Construction’s period 1960-1970 Projecting beams 35x95 cm
Structure’s material Reinforced concrete Slab-depth beams 40x20 cm
Soil characteristics B, T1 Slabs 4cm+20cm
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Case study
Energy modeling

* Three thermal zones - ground, first and second floor

« Considering: x

=) Opaque surfaces
=—) Glazing systems

=——) Heating and cooling system

===) |nfiltrations

Roof ‘

‘ Second floor ‘

First floor ‘

« Timestep:1h

Ground floor
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Case study

Characteristics of the site considered

Data Site i | EE; |
Name Catania, ltaly L) E —Eos
Altitude 7 m TR | -
Latitude 37°30° N sk | o
Longitude 15°4° E 2 | AN/ hp;;:(fnd d
PGA [g] 0.29 CEH 0.6— .‘. .._‘..I‘l ; \ ] | range ol perno 5_:
,SOil typel B 0.4 AN : '
| Classification climate? Csa N
02 | S e '
. \ 0 ' : - ;%—_ —
Koéppen Map: ” 1 s 3 '
Csa - Hot-summer - life safety limit state characterized by a 10 % probability
NTC18 Mediterranean climate of exceedance in 50 years, return period 475-years
« magnitude Mw ranging from 0 to 6,5, epicentral distance
- R <100 km
Characteristics: I bound = 10 % and bound = 20 9/
: - . wer nd = n r nd =
¢ M|Id, Wet Wlntel’S owe ou 0 d Uppe ou Modeo T [sec]
o I = 1 0.55
. Hot, dry summers reference periods = T1, Tzand Ts =) | | 05
3 0.09
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Case study

Optimal choice of the integrated intervention

d

Structural indicator

— T, ldm )|
Js(h) = 5557

n_]ézn=1"dﬁ.5‘-15"

Based on interstory drifts of the
primary structure (structural
components seismic vulnerability)
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PEC = PEC,q + PEC,, — PEP =

4

Energy indicator

PEC
PECas-1s

Hna | Cna
NG + COP ' PEELf - RENPV ) PEELf

Je(h) =

i.e. primary energy consumption PEC
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Results

Results
Sum of interventions

#112

i Non-conventional
,,f’_; TMD +
) photovoltaic roof

Non-conventional
TMD + cool roof

TMDI +

Large mass TMD
photovoltaic roof

+ green roof
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Results

Response under dynamic time history analysis — Earthquake n°3 input

Lateral alignments AS-IS Internal alignments Lateral alignments #111- #112 Internal alignments
’ hh\“ﬁ-—o 4#”‘"ﬂ o - N | 0 I ) ) "

A S S B A A A SR

Lateral alignments #113 Internal alignments Lateral alignments #114 Internal alignments

| ] [
R ] ]
Lo Lo Lo
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Indicator for nonlinear behavior

ﬁ ; _ max(drift;) max(drift,) max(driftg))
pi1,2,3 drift,q;p ' driftyep ' driftsep

Results

Jplindicator x AS-IS |:> Soft-story mechanism

0.00 0.20 0.40 0.60 0.80 1
Ipl

0 1.20 1.40

—— AS-S e #[[1-#]]12  —p—i||3 ——i|l] = @ =SLD
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Results

Comparison between linear and nonlinear behavior

L: linear NL: nonlinear
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Optimal integrated intervention

Intervention (h) Js JE
#111 0.72 0.94
#112 0.72 -1.42
#113 0.74 0.98
#114 0.46 -1.44

L

Structural comments

o Based on the nonlinear analysis

with reduction of 30% of index
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=

#l14 (TMDI-based) overperformed with reduction of 50%

Results

Energy comments

o #lI1 (cool roof) and #l13 (green roof)
limited impact on the building’s overall
PE demand

o #l12 and #ll4 (photovoltaic roof) not
only improve energy efficiency but also
transform the building into a net
energy producer with renewable
energy —> positive energy building

All interventions effective in reducing the AS-IS case structural
response and suitability even in the nonlinear regime

#I11, #112 and #113 (TMD-based) response almost equivalent
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Conclusions

Conclusions
Studies in progress

* To compare plane analysis in both the directions under sismic input

« To compare the effectiveness of the integrated seismic and energy interventions in
sites with different seismic and climatic condition
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Thank you for your kind attention

chiara.scarapazzi@studenti.unimercatorum.it
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