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WWW.S€era-eu.org

_SERA: SEISMOLOGY AND EARTHQUAKE ENGINEERING
RESEARCH INFRASTRUCTURE ALLIANCE FOR EUROPE.

(GRANT NO: 730900) - PLANNED DURATION: 36 MONTHS
CONSORTIUM: 21 PARTICIPANTS.

COORDINATOR: DOMENICO GIARDINI (ETH)

TOTAL FUNDING: € 10,000,000 EURO

WP27/JRA-5: INNOVATIVE TESTING METHODOLOGIES
FOR COMPONENT/SYSTEM RESILIENCE
COORDINATOR: ORESTE S. BURSI (UNITN)

This project has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant
agreement No 730900.




WP27/IRA-5 WWW.Sera-eu.org

By means of hybrid (numerical/physical) dynamic substructuring simulations (HDS), SERA WP27/JRA5 will pursue the
following objectives:

] reduce the computational burden of complex hybrid non-linear systems and provide additional significance
to HDS both in civil engineering and mechanical engineering systems by order reduction, quantification of epistemic
uncertainties and use of simple non-linear models, e.g. the Bouc-Wen model, etc.;

] compare the performances of online, i.e. the HDS method, and offline methods like the impulse-based
substructuring (IBS) and the Lagrange multiplier frequency-based substructuring (LM-FBS);

] study testing equipment able to properly impose complex loading on innovative isolation/dissipation
devices made of fiber-reinforced rubber, shape-memory alloys (SMAs), etc. The equipment should be also able to control
temperature effects, rate effects, etc.;

] conceptualise the smart city research, with the design and development for seismic and other natural
hazard actions, like tsunamis, etc. Thus, pilot and advanced development studies of the integration of dynamic
substructuring/hybrid testing in smart/seismic-prone cities will be carried out.

Work package number 27 Lead beneficiary UTRE
Work package title JRAS:Innovative testing methodologies for component/system resilience
Participant number 1 3 5 6 7 10 12 14 33
Short name of participant
= 3 = = = |s |5
|22 |5 |8 |5 |5 |8 |5
Person/months per participant: 6 5 14 12 24 42 12 10 4
Start month 1 End 36

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 730900.




The UNITN framework based on Heterogeneous DS

The analysis procedure can be subdivided in four steps (Bridge case study)
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Generation of predictive FE models and selection of
seismic input

Design and development of experimental tests

Hybrid simulation with dynamic substructuring
supported by different partitioned time integration
algorithms (Pegon-Magonette integration method)
have been developed.

Opensees and ABAQUS environments;

They allowed for predicting the distribution and
agnitude of nonlinearities by the implemetation of
material constitutive laws;

Predictive 2D/3D models have been implemented in
m

Bouc-Wen and Mostaghel bilinear models for
modeling numerical substructures like piers, concave
sliding bearings, etc.

ISeismic input was selected with different methods |
such as by the selection of a set of earthquakes I
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The UNITN framework

T@er and fourth steps:

T serwmn

Improvement of predictive FE models by means of
validation and calibration procedures (deterministic
and stochastic tools)

|
| Validation and calibration procedures were applied to
| quantify the global error of a pier FE model in
| comparison to proper benchmark functions;

The local behavior of structural joints was improved
by means of discrete local springs tailored on
instrumental records.

LCT) RCTJ

¥
|-

Development of advanced probabilistic analyses with
improved FE models.

Performance-based earthquake engineering can be
applied to complex bridges taking into account both
structural and economic uncertainties;

0 o0
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Main elements of the framework based on nonlinear

heterogeneous simulation based on dynamic substructuring (HDS

1. Reliable predictive FE models capable of creating a Reference Model of the

(/emulated system via validation/calibration;

2. |A parallel time integration algorithm endowed with superior capabilities in terms of
coupling/decoupling and accommodation of system ID and updating techniques

3. |Offline/Online updating procedures for complex nonlinear Numerical Substructures

4. |[ETHZ/UNITN developed a MATLAB framework for finite element analysis with

domain decomposition coded in house

Abbiati, G., Bursi, O.S., Caperan P., Di Sarno, L., Molina, F.J., Paolacci, F. and Pegon, P., “Hybrid simulation of a multi-span
RC viaduct with plain bars and sliding bearings”, Earthquake Engineering & Structural Dynamics, 2015, 44,13, 2221-2240.

Bursi O.S., Abbiati G., Cazzador, E., Pegon, P. and Molina, F.J., "Nonlinear heterogeneous dynamic substructuring and
partitioned FETI time integration for the development of low-discrepancy simulation models", International Journal for

numerical Methods in Engineering, DOI: 10.1002/nme.5556, 2017.
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WP27/JRA-5
Main Research Activities and achievements
To combine different EDS methods for simulating the response of

heterogeneous systems. Experiments were conducted on a substructured
T petrochemical prototype plant
Experimental
techniques Procedure Type of NS Type of PS
RBS Offline Linear Linear
IBS Offline Non-linear Linear
_Hybrlfl Online Non-linear Non-linear
Simulation

To understand how uncertainty on input and measurements propagate
through the different methods.

To optimize their combination in the substructuring of complex structural
systems.

Abbiati, G., La Salandra, V., Bursi, O.S., Caracoglia, L. "A Composite Experimental Dynamic Substructuring

Method Based on Partitioned Algorithms and Localized Lagrange Multipliers", Mechanical Systems and Signal
Processing, 100, 1, 2018, 85-112

|
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Composite — EDS (C-EDS)

C-EDS framework combines different EDS methods for simulating the response of
heterogeneous systems. A virtual experiment was conducted on the petrochemical

~prototype plant
<

Loma Prieta
earthquake (1989) -

« It was assumed that the piping response remains linear but boundar .
o | PIPING Tesp - boundary IBS, RBS offline
conditions are highly uncertain and that such substructure is available

onsite for dynamic characterization. techniques

« On the other hand, the non-linear hysteretic response of the Concave —— HDS online
Sliding Bearings (CSB) makes very difficult the numerical modelling of technique
sliding parts.
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C-EDS — Multiple costraints

In order to simulate the seismic response of the petrochemical prototype plant,
a_partitioned model of the emulated system was implemented in Matlab.

« All NS and PS models described were coupled together by using Localized
Lagrangre Multipliers

» The reference “exact” solution was calculated by means of the monolithic

Newmark method (At = 0.1ms,y=1/2,8=1/4) considering the
emulated system of the prototype plant case study.
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The Localized Lagrange Multiplier method

M©Oi® + RO (u®,a®) = LO"A® + FO(¢) u' and w? are interface DoFs
viedl,..,m} (2.1a) and generalized interface DoFs
LOu® + LOu, = 0 or LYu® +LPu, =0 vectors
m
Z LOTAL = o (2.1b)

According to Eqg. (2.1a), each Lagrange multiplier vector A”(l) enforces compatibility
between the corresponding subdomain |-th and the generalized interface DoF vector u_g.
Finally, Eg. (2.1b) imposes self-balance among all m interface force fields represented by
Lagrange multiplier vectors.

u®’ = [u(l) gl)]
u®@’
[u(Z) (2) (2) (2) (2) 2)]

OO NE (3)
“(3) [u( ) ugo) u§1) upy']

[u1 uz]
<1>—[01] LY = [-1,0]
0,0,1,0,0,0
2) —_ |YYH LYY, 2 _
L [0,0,0,1,0,0] L [ 0—1
L® =[1,0,0,0], L® = [0, —1]

As a dual-assembly approach, the LLM introduces additional sets of Lagrange multipliers, which
satisfy interface equilibrium a priori through Eq. (2.1b) and enforce kinematic compatibility
a posteriori by means of Eq. (2.1a).

K.C. Park, C. A. Felippa, U. A. Gumaste, A localized version of the method of Lagrange multipliers and its application, Comput.
Mechanics 24, 2000, 476-490.
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Experimental setup @QUNITN
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Slender tank #23

N

Restoring Force Isolators NS

«10° Scope 7 - NS

Time

15
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Restoring Force Isolators NS

-5

Results
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WP27/JRA-5
Main Research Activities and achievements
To define Seismic Fragility Assessment of a Tank-Piping System based on
a Hybrid Simulation and Surrogate Modelling

\JV

Stochastic modelling of the seismic input
Global sensitivity analysis of the structural response
Hybrid simulation and seismic fragility assessment

Bursi, O.S., Abbiati, G. Covi, P. et al. "Enhanced HDS due to order reduction, reduced epistemic uncertainties
and complementary use of offline dynamic substructuring methods", Deliverable D27.1, 2019, 1-92
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Seismically Isolated Tank-Piping System

Tank-piping system: a) prototype structure b) hybrid model
c) high-fidelity computational model d) low-fidelity
computational model €) ANSYS elbow290 elements used on
the high-fidelity computational simulator.

b)

d)

hybrid
model

high-fidelity
model

low-fidelity
model

16
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/4R

Seismic Fragility Assessment Procedure

Monte Carlo simulation of high-fidelity and
low-fidelity models

Legend: DONE, ONGOING,
PENDING

17
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Stochastic Modelling of Seismic Input

t
a,(t) = q(t, a) [% _Ooh(t — T, )&(T))w(r)dr

Model
Parameters

Ia

Arias intensity

Time interval of 95% of

Ds-os the I,
tia Time at which 45% of
w(7) : white-noise process with constant the I, is reached
. Wi : .
Power Spectral Density (PSD) S,,,(w) = S @ | Filter frequency at tmi
Filter damping ratio
h(t — 7,A(7)) : Impulse Response Gor (constant).
Function (IRF) of a linear time-varying , Rate of change of the
. ) filter frequency with
filter time
q(t,a) : time modulating function i
T
1 =—-j a? (t) dt
29 Jo
Rezaeian, S., & Der Kiureghian, A. (2010). Simulation of synthetic ground motions for specified earthquake
and site characteristics. Earthquake Engineering & Structural Dynamics, 39(10), 1155-1180.
17/03/2019
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N

Global Sensitivity Analysis of the Seismic
. Response

In
In
(@)

terest in peak quantities
pUt Vanable: X € XED = {Ia, D5_95, T4_5, Wmid, (}
utput variable: y € Yy, = u8%%

Umax g (t)

Quantile convergence
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LS“Irnl

Global Sensitivity Analysis of the Seismic
ﬂT Response

Total Sobol' Indices Sobol' Indices Order 1

Polynomial Chaos Expansion

V=MD =) )

0.8F 1 0.8F

sl aEAMP
% o | Model decomposition
PC(y) — M PC Pé
[ MPEQx) = Mg+ ML) + o

szc(xz) + Mﬁc(xl,xz)

' 0
IMAX DO0595 T45 WMID ZETA IMAX DO0595 T45 WMID ZETA
Variance decomposition

ST = Var[M{ (x| + Var[MfF (6, x,)] S, = Var|[ M (x)] Var[MFPC¢(x)]
1= P 1= PC

VarDre o] Varlar ) = Var[ME] + Var[M P (x))]
2e2 parameter samples x 2e2 noise realizations = 4e4 simulation of the LF + Var [ M 2PC ( xz)]

model (cost of a simulation = 30s) PC
+ Var[M{; (xq,%3)]
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Multi-Fidelity Surrogate of the Piping-Tank

0.1

System Response

® |Fsample

~—

I LF surrogate

Multivariate Gaussian (joint) distribution:

A

Y* = predicted response at X*

Y = observed response at X

(X, XY  Z(X,X)

M = mean vector (trend)

X = covariance matrix

21
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Multi-Fidelity Surrogate of the Piping-Tank
System Response - Hierarchical Kriging to
the Loss of Containement (LoC)

y=Mx) ~B'f(x) + 05Z(x, w)

elbow strain intensity = My r(I1 4, @mig, )

I,
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Development of Acoustic Emission Sensors

.. Traditional PZT Sensors Optical Sensors (Under Development)

« Low cost - Immunity to Electromagnetic Interference

+ Small size . '
. ‘ Low cost Low power consumption

. Small size 1

. Easily fabricated ——— T0:

. Less sensitive to temperature variation, S
. Low power consumption __

. Not flexible (-)

-,
R YA l
1y ]

OQ 1
SR

: [ [

20 -
10 -
\
\3
| =

400 500 600 700 800 900
Wavelength (nm)
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SLIDING DISPLACEMENT (mm)

HDS at SLS

49000
0
48000
756- —FT60 - Loading
Number of events | - 7000
0T 6000 £
0}
o
A5k 15000 5
13
44000
20 5 Welding
43000
25 F
42000
30¢ 11000 Serviceability Limit State (SLS) test (w4, < 0.04m)
0 05 1 15 2
Time (s) %10*
Welding Welding

/N
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HDS at SLS

/A
¥

Welding $

Serviceability Limit State (SLS) test (u,,4, < 0.04m)

] L/ 0
300 4 £-0.05
] jJr £-0.1
250 £015 T
] E @
] E02 o
200 — £025 5
] E s
£ ] E-03 2
150 ] :__0_35 §
1 = | 04 %
1003 — E045 X
] =1 £-05
*0 1 i £-0.55
] £-06
0 T T T T T T T T T T T T T T T T T T T T 3
0 500 1000 1500 2000
[FI]\2D2 Time [s]
" CHAN=1 ¢ CHAN=2 " CHAN=3 CHAN =4 Parametric —

" CHAN=5 ~ CHAN=6

« Significant number of cracks are detected around the welded joints.

25
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WP27/IJRA-5 main Research Activities and

achievements

Novel elements of the HS framework developed at the
. EUCENTRE TREES Lab

N

1. Test facility — EUCENTRE TREES Lab - where different physical substructures (piers
and isolators) can be decoupled and involved in real time (bearing tester)

2. A time integration algorithm cast in Hamiltonian form and endowed with superior
capabilities in terms of coupling/decoupling and possible accommodation of
System ID techniques

3. Online updating procedures for complex nonlinear Numerical Substructures

4. Modelling of different types of isolators

G. Abbiati, I. Lanese, E. Cazzador, O. S. Bursi, and A. Pavese, A Computational Framework for Fast-Time Hybrid Simulation
Based on Partitioned Time Integration and State-Space Modeling , Structural Control and Health monitoring, (in review), 2018.
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[T [CAT]
45 45 45
6,7
Objectives of the STRIT/Reluis Project: re
i

A// i
To proLe the effectiveness of a prototype of E m‘ ﬂ Case Stud
concave sliding bearing; N pY o

04 7 -
To use an advanced online model updating + Total length =135 m
technique based on Unscented Kalman Filter. « Single span=45m
0,65 0,65 *  Piers height =12.6 m
Definition and identification of the proper 3 : gfntlllzver t:oxbs?‘ctlon pl?r
reduced models to simulate the numerical AY eel dowels between pier
substructures; ; cap and deck
+ Seismic site Naples
Development of numerical models 2D/3D to © >Z
predict and analyse the seismic response of o 03
the bridge. %
A
o
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N

EUCENTRE TREES Lab: pier setup

Page 28

Vert. Jack: force control
Horiz. Jack: disp. Control

March 17, 2019




EUCENTRE TREES Lab: bearing testing system

N

Boundary conditions

O O Force Displacemen
>

t

O * Horizontal disp.
Q O * Vertical disp.

* Vertical load « No rotation

| |
Mar'ch 17, 2019



STEP Ill: DESIGN AND EXECUTION OF HS

a Twin Piers
T { 1 Substructures Scale
- == B
= : i p= Pier 1:2
NS : 1 PS
| | Prototype 1:1
I | CSB
4 o mm=d s
N V4 I
= I - Piers and CSBs were reduced to a
'S 1. 2,3 4 5 6 7 8 9 10111213 14 1516 1| S-DoF springs;
P X - oIER I - Model updating online based on a
<! I Unscented Kalman Filter:
I l « Partitioned time integration
: NS PS ' algorithm Modified PH method.
______________________ : . Ata ) Ata
Z i ! ! — = Integration
(NS) t toe the2 -
J 2.3 456 7 8 910111213 14 15 16 L \ - = ij‘jj"%f‘_“‘_":jj{')““’
TEM:\ X MM CSB TEM:\ Subﬂ(‘l’;sﬂ;'iﬂﬂ = Panallel solving of free problems
L ssAts ,I, ssAts |
NS BWM PIER NS
128-256 128-256 ss-1msec 1msec 1 msec
NS PS !
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Monolithic Generalized-a time stepping scheme
used as a basis

N

2 MY, .o, TKY o, =F,0,

U

v, =¥,+O0(A})
U
Yo =¥, + VAL (1=y)+ v, Aty

{Vn (1-a,)+v,.(2,)=Y, (l—af)ernH(af)
U
+ Ky

n+a,,

Myn+1 n+l F +1

|
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The parallel partitioned G- a time integration scheme

AtN AtN

N

S

ssAt? ssAt?

QV
NS
\

P

\

(MNYIZ-I +G" (Ylfi]i-l ) T LNAn+1 = Fﬁl
MY +G"(Y),,)+L"A

_ FN
n+j/ss n+j/ss ntj/ss T n+j/ss With subcydling (ss = 10)

Nx7N Px7P

B Yn+1 +B Yn+1 — 0 k k :

L - L*, B* : Boolean matrices

! aGN oGP
oYN! ayP

: Automatic differentiation

March 17, 2019
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STEP I

Pier S-Dof — Bouc-Wen model

-fug(t)+p(t)
—p

{ r+cx+mi= —fug"(t) + p(t)
7 =[A—(B-sign(xr) +y)|r["]x

CSB S-Dof — Bilinear hysteretic model

mx + cx + akx + (1 — a)ku = p(t)
u=x(NX)Mu—38) + M(x)N(u + 6))

Page 33

In order to take into account the degradation of piers, an
online model updating method was implemented. The method
was based on the Unscented Kalman Filter and the parameter
updated was the stiffness A.

F F F'= F'+ F F
£t &
"NS PS

= A x,x,r
AB,y,n
Gray, box identification
(UKF)

I +CXx +mx. = A
1 =(A-(B sign(x: r: )+y)|r | )x«

Test HE 60 [0.5¢g]

x10”

x10°

—PS - Pier #1
—NS - Pier #2

8
o]

A
o

Force [N]

o v S o o ow

A -0.05 0

Disp. [m]

0.05
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Double-surface concave sliding bearing

support plate

)

rigid slider

)

\> slide plates
/ p

prestressed load cell

prestressed load cell
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Double-surface concave sliding bearing

5
15 x10 . . . Y
—test
1 r |—model / 1
I
05} A
Z,
g 0
L
0.5 /J
1t
1.5 ' ‘ ' ' ‘
-0.06 -0.04 -0.02 0 0.02 0.04

[ = (ak + (1 — QL(N@)H(s — 8) + MWIN(s + ) ) v

u=v

rN(W) = 0.5(1 + Sgn(w)) (1 + (1 — Sgn(w)))
M(w)=1-Nw)

N(w) = M(—w)
; M(w) = N(-w)

Mostaghel, N. (1999). Analytical Description of Pinching,

Degrading Hysteretic Systems. Journal of Engineering Mechanics,
125(2), 216-224.

Page 35 March 17, 2019




HS with isolators

d

b

Displacement response history of the numerical Pier #2 in the isolated configuration: a) PGA

= 0.30g; b) PGA=0.50g.

a

b

Hysteretic loops of isolator devices at: a) PGA = 0.35g; b) PGA=0.50g.

Page 36

March 17, 2019



N

WP27/JRA-5 main Research Activities and

Page 37

achievements

Difficulties may still typically arise when testing structures at
relatively high testing speed, with stiff modes, with a large
number of DoFs, with a very high requested accuracy or a
combination of several of these conditions

T5.2: Piping and pipe joints
crossing the seismic gap

SILER Setup @IRC

March 17, 2019




Test specimen

Test setup at ELSA JRC

Vertical actuators

Position demand | -

+
-y"

u=Cu,+ Duy,

Constraint (optional)

Compensator

Plant

Compensator

Force demand
fr
Deform
ing
modes
(in
force)
f d = Qf Specimen co-ordinates

Plummer, A. R., (2010) A general co-ordinate transformation
framework for multi-axis motion control with applications in the
testing industry. Control Engineering Practice, 18, 598—607.

|
l%ar'ch 17, 2019
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WP27/JRA-5 main Research Activities and

achievements
Proposed framework for RTHS @LNEC

| Integratlon Ioop

OpenFresco &
LabVEW

-_------'f-___jj
11

Servo-control loop ;-?Ef""\ o)

NI PXI 8106 I

Dry sandy soil

Includes:

FEA software: OpenSees

Middleware: OpenFresco

Control class: ECLabVIEW

Target machine: NI RT + FPGA

Excitation: Actuator & ST1D

Control mode: Position for ST1D & position control

Page 40

augmented by force control for the actuator
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Planned configurations of hybrid tests

D

Page 41
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WP27/JRA-5

Main Transnational Access Activities

Page 42

favoured by JRAS
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WP27/JRA-5
Main Transnational Access Activities

N

HYBRID FIRE TESTING ( ACCESS TO JRC)

Multi-hazard performance assessment of structural and non-structural
components subjected to seismic and fire following earthquake by means of

geographically distributed testing (EQUFIRE)

m Ziirich

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 730900.
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HYBRID FIRE TESTING ( ACCESS TO JRC)

HYBRID FIRE TESTING: Fire development phase

N

Korzen M,
Magonette
G, Buchet P
(1999)

I, (u)+rN (u):fP +1,

e duration of minutes/hours

» time dependent response (creep)

 static response

Page 44

l Displacement

Displacement
Internet]

Cold
Physical
Substrcture
@ JRC

Hot
Physical
Substrcture

@ BAM

Force feedback /I\

Internet
Force feedback

Geographically
distributed
framework
Substructuring
scheme:
2XPSs + 1xXNS
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45 EXPERIMENTAL SETUP

Four geographically distributed FFE hybrid tests will be carried out:

Test #1: unprotected lowly-damaged column
Test #2: fire protection system applied on a lowly-damaged column

Test #3: unprotected highly-damaged bracing component
Test #4: a fire protection system applied to a highly-damaged bracing component and fire wall

Test #1 - setup @ JRC
Furnace @ BAM

Test #4 - setup @ JRC
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IMPLEMENTATION OF THE NONLINEAR THERMO-MECHANICAL BEAM FINITE ELEMENT

Material nonlinearity:
Stress-strain relationship for carbon
Degradation of mechanical

Geometric nonlinearity: steel at elevated temperatures
properties at elevated

{forotaﬁonaliom;dation
temperatures

Numerical integration:

Gauss-Legendre quadrature
2D Nonlinear

thermo-
mechanical beam
finite element
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ARCHITECTURE OF THE HYBRID SIMULATION

Architecture of the HFT implementation of the LLM-GC algorithm

Real-Time Computer

. |
|
_67 | Execution of the LLM-GC algorithm :
|
I
I N N
I Ujiq Yo +1 Uk 41 Te+1 :
: I
|
I Real-Time Controller Soft-Time Computer :
: Measurement of the PS response Simulation of the NS response |
1

Time integration LOOP
Architecture of the VIRTUAL HFT implementation of the LLM-GC algorithm

Real-Time Computer
Execution of the LLM-GC algorithm

p N N
Weyq Te+1 Uk 1 Tet1
Soft-Time Computer Soft-Time Computer
Simulation of the PS response Simulation of the NS response

Time integration LOOP

Abbiati G., Covi P, Tondini N., Bursi O.S, Stojadinovi¢ B."A Real-Time Hybrid Fire Simulation Method Based on Partitioned Time
Integration, Computers & Structures (to be submitted)
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Dynamics of structures during fire development
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Linear thermoelastic system of EoM

Quasi-static problem

Quasi-static solution obtained as a
transient response of a dynamic problem

Dynamic relaxation

Component-mode synthesis via the
Craig-Bampton method
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The Localized-Lagrange multiplier-Gravouil Combescure algorithm
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VIRTUAL REAL-TIME (RT) HYBRID FIRE SIMULATION (HFS) FRAMEWORK

Prototype structure: emulated moment-resisting
frame with a fire scenario

-
N
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Time-temperature heating curves

Substructuring scheme

Numerical
subdomain

Physical
subdomain
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RT HFS Framework

N

Vertical displacement node
2403 (beam)
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Thermo-mechanical test rig @ETH

p
<
GRIPPERS

Infrared lamp
COMPOSITE module
PLATE

IR LAMPS

Heat flux gauge Peltier module
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WP27/JRA-5

Requests for the next WP27/JRA5
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Requests for the next WP27/JRA5

- Testing of existing means to control/minimize damage and produce more

re5|I|ent components/earthquake protection systems;

- That means structures with energy dissipation devices, base isolation,
structures designed for unconventional seismic response, i.e. rocking, sliding
systems, or with unconventional construction, i.e. masonry structures with

dry, sliding joints, frames with dry-joints.

@ = = O
0C 10
Section A inner tub? B/ AL‘ outer tuble strip in 0111ter tube 1500 mm__
Section B i ‘ ‘
| E | l — : l -
Q g | s e 0 T
I L C 78

******************** T < |

SMA bar | g, slit in outer tube stop plate welded to inner tube

New metallic dampers with recentering capability — Amadeo Benavent — UPM Madrid.

The new damper consists of a tube-in-tube configuration of two commonly available hollow structural steel
sections with a central bar made of Nickel-titanium (NiTi) Shape Memory Alloys (SMAs) that provides

recentering properties and minimizes residual deformations.
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From the hysteretic loops at 6% strain of the specimens subjected to quasi-static and dynamic cyclic loadings it
follows that an increase in the strain rate results in: (i) greater values of loading and unloading transformation
stresses; (ii) narrower hysteresis loops and (iii) earlier occurrence of the strain hardening effect.
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TEST 6 : CBF FLEX

Shear stacks on shaking tables

Transnational Access @EQUALS Shacking Table at University of Bristol, United Kingdom (Panos Kloukinas)

Project title: Design Rules for Steel Structures accounting for Soil-Structures Interaction

HOW TO PROPERLY SUBSTRUCTURE THE SUPERSTRUCTURE?
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HYBRID SIMULATION WITH MODEL UPDATING OF MATERIAL CONSTITUTIVE LAWS AND FE MODELS

T .
Space-discretized

Time-discretized Initialization

----------- . D Maseve ooy | e
. : dk R l ._ ............... I At,dy,v,,a,
k
7 | |

=| * Time Integral Algorithm |

N

Updating X, | with X, 1 |

-
h |

! z; i | Parameter I
! E] Constitutive flé | Estimz.ation '
! — | = Model Y — Algorithm |
: | Discretization . E Initialization - (eg UKF) |
| jemmmmmmmmmmmeness - g —> dr i .- . 4
I 0 © X, ko Kk-1
i on. ¥
FE model Fiber section: | T
of an RC column i | d ff

\

Emulated
Structure
Physical Specimen

1) Based on restoring forces as measurements, OpenSees is modified with an embedded UKF for hybrid
simulation. Thus, strong nonlinear problems are solved via parameter estimation
2) The estimation of a single-parameter is a linear time-variant system that monotonically converges.

Bin Wu Xizhan Ning Guoshan Xu Zhen Wang Zhu Mei Ge Yang, Online numerical simulation: A hybrid simulation method
for incomplete boundary conditions, 47, 4, 2018, 889-905

Wu B, Chen Y, Xu G, Mei Z, Pan T, Zeng C. Hybrid simulation of steel frame structures with sectional model updating. Earthq
Eng Struct Dyn. 2016;45(8):1251-1269.

Mei Z, Wu B, Bursi OS, Yang G, Wang Z. Hybrid simulation of structural systems with online updating of concrete constitutive
law parameters by Kalman filter. Struct Control Health Monit 2017; accepted online, doi: https://doi.prg/ 10.1002/stc.2069.
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HOW TO SUBSTRUCTURE A METABARRIER?

Prove the effectiveness of the Metabarrier: a metamaterial-inspired device
designed to reduce low-frequency (<30 Hz) surface waves induced by natura

ations in large-scale structures and infrastructures.
REwaRd project with TA to EUROSEISTEST

The Metabarrieris constituted by an array of Resonators, to be placed

within the ground around the structure, or a cluster of structures, purposely

designed to interact with incoming Surface Rayleigh waves and to convert
part of their energy in Shear Bulk waves

Resonator Metabarrier
Surface
Rayleigh
waves
Palermo, Antonio; Krddel, Sebastian; Marzani, Alessandro; Shear Bulk waves

Daraio, Chiara, Engineered metabarrier as shield from seismic
surface waves, SCIENTIFIC REPORTS, 2016, 6, pp. 1 - 10

|
Page 57 March 17, 2019
|




HOW TO SUBSTRUCTURE A METAFOUNDATION?

Basically, the Metafoundation is conceived to overcome the limits of previous solutions.
- feasibility of the foundation designed to be conform to current seismic standards

- “Jeffects of the coupling between foundation and superstructure

- |optimization of periodic unit cells to obtain better results in term of reduction of the structural response
- |performance of a periodic foundation equipped with nonlinear hysteretic dampers.

Sm
/. /
/ 7/

h wall thickness
/~ 6 mm

14Im Concrete mass

/

Basone, F., Wenzel, M., BURSI O.S., Fossetti, M., " Finite locally resonant
metafoundations for the seismic protection of fuel storage tanks", Earthquake
Engineering & Structural Dynamics, 2018, (in print).
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Steel columns
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Steel wire

arch 17, 2019

.




Use of the Urban Infrastructure as a mockup

UK Collaboratorium for Research
in Infrastructure and Cities @UBRISTOL

Strand B:
Urban

£138m capital investme riative of 14 UK universities

2016-2021 Infrastructure but open to all

Experiment purpose and design

Infrastructure performance & properties
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Thank you for your attention!
Are there questions?

4R
\V

Prof Oreste S Bursi

email: oreste.bursi@ing.unitn.it
Phone: +39-0461-282545

Fax: +39-0461-282521
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