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NHERI Lehigh EF Testing Capabilities for
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Large-Scale Hybrid Simulation

Large-Scale Real-time Hybrid
Simulation

Large-Scale Real-time Hybrid
Simulation with Multiple
Experimental Substructures

Geographically Distributed
Hybrid Simulation

Geographically Distributed Real-
time Hybrid Simulation

Predefined load or
displacements (Quasi-static
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testing)

Dynamic testing

Multi-directional Dynamic Testing
of Pipe Couplers
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NHERI Lehigh EF/ATLSS Testbeds

 Bracing Frame

- Perform experiments on test N/
frame specimens of:

»Up to 13.7 m (45 ft) in height
»Up to 11 m (36 ft) in width

~{5- story 2 bay 2/3-scale®
MRF test speC|h1en‘

f.‘z-_ﬁtv,ﬁ"’z"l 2

- ======uBracing Frame




NHERI Lehigh EF/ATLSS Testbeds

* Non-Structural

COm po n ent Selsm IC Multi-directional Real-time hybrid
" simulation of building piping system
Simulator . = Yo 77 N, - AN Y
 Enables multi-directional real- §&54 §° “ o ol Acuator#3( L S
time hybrid simulation of non- |88 SS==0Sgrees | ,ﬁ,;,‘;‘;;éémss
structural components and = ; : |7 - ,:“'ﬁ’e“de 70

systems:
» Upto 12.2 m (40 ft) in length
» Up to 3.1 m (10 ft) in width

LEHIGH

UNIVERSTITY. LSS Y




NHERI Lehigh EF/ATLSS Testbeds

* Full-scale Damper Testbeds

* Enables full-scale damper tests:
> Damper characterization tests Real-time hybrid simulation of building
» Real-time hybrid simulations

» Stoke, velocity, and force capacity:
» +/- 500 mm (20 in.) stroke

» 1140 mm/s (45 in/s) for 1700 kN
actuators

» 840 mm/s (33 in/s) for 2300 kN
actuators

R e «* SO "\
X Actuator~¥ =




NHERI Lehigh EF/ATLSS Testbeds

 Tsunami Debris Impact
FO rce TeStbed Real-time simulation of impact forces

from tsunami shipping container debris

* Enables full-scale debris impact tests:

» High speed DAQ); high speed 5000 fps
cameras

» High bandwidth, resolution load cells

» Accelerometers, laser-displacement
transducers




NHERI Lehigh EF/ATLSS Testbeds

e Reduced-scale Soil Box Soil-foundation structure

interaction testbed

 Enables soil-structure interaction
research

» Flexible designs (6 x 6 x 6 ftand 6 X 6
x 3 ftin size)

» Actuators with load cells; data
acquisition system

» Sensors for soil and foundation
response measurements

» Advanced sensors - Digital Imaging
Correlation

Reaction frame

Upper soil box
e

Lower soil box




Soil-Structure Interaction Testbed

= \ibrator




Existing ATLSS Infrastructure

« 3-D Multi-directional reaction wall facility
« 3-dimensional
 Upto 15.2 m (50 ft) height
« 1.5 m (5 ft) anchor point grid
« Strong floor
 12.2 m by 30.5 m (40 ft by 100 ft)

« Anchor assembly capacity
» 2,224 KN (500 kips) shear
« 1,334 kN (300 kips) tension

« Hydraulic Supply System
« Over 30 Hydraulic Actuators - 1
- Large array of Conventional Sensorsj : .
e Crane g

« Skilled staff




NHERI Lehigh EF Hydraulic Equipment
and Power

Enables real-time EQ large scale
demand to be imposed for up to
30 seconds

Hydraulic supply system (ATLSS)
— 5-120 gal/min variable axial piston pumps
Accumulator System (NHERI)
— 16 piston accumulators
* 50.2 gal each
5 dynamic hydraulic actuators (NHERI)
— Maximum load capacity

« 2 actuators: 517 kips at 3000 psi
« 3 actuators: 382 kips at 3000 psi
— Stroke
 +/-19.7in
— Maximum velocity
* 45 in/s for 382 kip actuators
« 33in/s for 517 kip actuators

10 3-stage 550 gal/min Servovalves
and HSMs (NHERI)




Other NHERI Lehigh EF Equipment

High Speed 300+ Channel Data Acquisition System

3 Real-Time Targets for simulation
coordination, including additional DAQ

Two real-time servo-hydraulic controllers

Sensors (displacement, accelerometers,
Inclinometers)

Telepresence webcams

Specs for all equipment found in
User’s Guide




Instrumentation

« Displacement transducers

« Strokes ranging from £6.4mm (LVDTSs) to 1524mm (linear
potentiometers).

« Temposonic position sensors with a £760 mm stroke, to a £1100
mm stroke.

 All transducers are calibrated to within £1% accuracy, with the
LVDTs calibrated to within £0.1%.

 Inclinometers ranging up to 20 degrees with 1% accuracy.

« Each hydraulic actuator is equipped with a load cell.
« All load cells are calibrated to S\
within £0.1% accuracy.




Other Major NHERI Lehigh EF Equipment

* Real-time Integrated Control System

« Multiple Real-Time targets for simulation coordination with
additional DAQ

« Two real-time servo-hydraulic controllers

« High Speed 300+ Channel Data Acquisition System
« Web and Data telepresence system

* Local data repository

10 Gbp:

+ Science DMZ

RTMDws @ Web Cameras | |
flexTPS l:':‘ |

e — — — — — — —— — — —

Cisco 1/10 Gbps Ethernet Switch 3

I RTMDtele RTMDsim RTMDxPC RTMDxPC RTM DctrI[RTM Dctrl. RTMDdaq '-h

Lehigi@irewall

— Data Turbine Simulation Real-time Real-time Pulsar Servo| Inertia Servo Data
Data Archiver| Coordinator Target Target Controller Controller Acquisition I
I T I I I F ' I - I l Instrumentation I
&
Sensors
I ( SCRAMNet 0
’-------- 'Gil I_“g
Real-Time N
Hydraulic
Actuators
Integrated Control System |y arauiic pumps &
Accumulator System .

1
Specimen '



NHERI Lehigh EF Control Room

Control Center

 Houses Real-time Integrated
Control System

« Camera Control

- Data Acquisition System and
Server

« Data Streaming System
»Video
»Sensors

* Video Displays

* Local Repository




NHERI Lehigh EF non-NHERI Equipment

« Site leverages Non-NHERI equipment to provide capability, improve
capacity and maintain throughput.

— 30 Actuators

— ATLSS Wineman Controller
— 2 MTS 458 Controllers

— MTS FlexTest 100 Controller

— DAQ systems

— Trilion System for Digital Image Correlation - full field
displacement and strain

— Transducers - over 96 LVDTSs, 62 load cells, Temposonics
(12 ATLSS)

— SSI instrumentation




NHERI Lehigh EF non-NHERI Equipment

Mu irectional Reaction Wall System

Year
Acquired
15.2m to 6.1m tall L-shaped reaction wall
30.5m x 12.2m strong test floor

Hydraulic Equipment

20.7 MPa (3000psi) Hydraulic power system with 2270 liters/min 1988,1992**
Central hydraulic distribution system 1988,1992**
6-Vickers Service hydraulic manifolds (1500 liters/min) n/a

Hydraulic Loading Equipment

Sactec 2670 kN universal test machine
MTS 245 kN fatigue test machine
Hydraulic Actuators

3-2680kN Hanna, +-750 mm stroke, 20mm/sec max. velocity*
2-2050kN Hanna, +-480 mm stroke, 25mm/sec max. velocity™

4-1500kN Hanna, +-480 mm stroke, 35mm/sec max. velocity*®
2-150kN Hanna, +-125 mm stroke, 35mm/sec max. velocity*
2-1050kN Hanna +-125 mm stroke, 50mm/sec max. velocity*
2-607kN Hanna, +-300 mm stroke, 80mm/sec max. velocity*
8-580kN Hanna, +-125 mm stroke, 60mm/sec max. velocity™®

2-1000kN Hanna, +-125 mm stroke, 35mm/sec max. velocity™

Users Guide Available ATLSS Actuators
https://lehigh.designsafe-ci.org/resources

ATLSS Actuators

LEHIGH # = —_RIMD & PESICHAIEC
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https://lehigh.designsafe-ci.org/resources

Instrumentation

 Digital |mag|ng correlatlon (DIC) systems.

Digital Imaging Correlation System:
NEES@Lehigh Coupled Shear Wall Test reinforced concrete coupled-shear wall

Specimen with Multi-Directional Loading test specimen measured pier vertical
displacements (courtesy M. McGinnis)



Soil-Structure Interaction Instrumentation

« Advanced instrumentation to understand SSI
of foundation systems under different loading
conditions

« Combine with hybrid simulation to improve
analytical substructure models, or

« Hybrid simulation with soil included in
experimental substructure

Load -
lSoiI surface T

Pressure sheets
G
H [ In-soil null
load pressure
1220 5. F sensors
Sheet
pres:
| sen:
FFHHH 00 2001300400 500 600 700 1400
Sheet / 1600

H X (mm)
pressure [

s R Soil-pileJpletartiQRns dhape acceleration Shays wavPigiidmage correlation
Test Setup and instrumentation pressure sensors




NHERI Lehigh EF - ATLSS Space and Resources

Specimen Prep

Staging Areas
Machine Shop

Laboratories

Intelligent Structures
Mechanical Testing
Welding and Joining
Materials
Microscopy

Offices: Faculty; Staff;
Visiting Researchers

Meeting Rooms:
Auditorium: Conference
Room

Storage Areas

Secure Facility

Mechanical
testing

Specimen preparation
staging area




NHERI Lehigh EF Experimental Protocols

Real-time Integrated Control System

Configured with experimental protocol required by user to

perform test

https://lehigh.designsafe-ci.org/protocols/experimental-protocol/

Large-Scale Hybrid Simulation

Large-Scale Real-time Hybrid Simulation

Large-Scale Real-time Hybrid Simulation with Multiple Experimental
Substructures

Geographically Distributed Hybrid Simulation
Geographically Distributed Real-time Hybrid Simulation

Predefined load or displacements (Quasi-static testing or characterization

testing)
Dynamic testing

Testing algorithms reside on an RTMDxPC

and run in real time
Experiments can be run in true real-time (real-time

RTMDdata
Backup Server

RTMDws
Website
flexTPS

+_ Science DMZ

Web Cameras

= I
:> Lenigh HPC Resources Globus Data Transfer Node | Border Router

hybrid simulation, real-time distributed hybrid
simulation, dynamic testing, characterization testing). I-

Experiments can be run at an expanded time scale _J;J:lﬂﬂ;[lgmggn
(hybrid simulation, distributed hybrid simulation, I Data Archiver) Coordinator

guasi-static testing).

n{ RTMDxPC [RTMDxPC RTMDctriRTMDd:ﬂ lRTMDdaq h
Real-time Real-time Pulsar Servo Inertia Servo Data
Target Target Controller Controller Acquisition

Cisco 1/10 Gbps Ethernet Switch

Lehigh Firewal

L

L

1

Distributed hybrid simulation via:

Instrumentation I
&

SCRAMNet

OpenFresco
Simcor
Custom software

Flexible-designed system
Software and middleware packages developed by users or NHERI CI can be
plugged in and utilized for testing

LEHIGH

Real-Time
Integrated Control System

UNIVERSTITY.

f""""

Damper

Hydraulic
Actuators u_-;-

Hydraulic Pumps &
Accumulator System

J..-.......‘SAFE Cl
NN 4



https://lehigh.designsafe-ci.org/protocols/experimental-protocol/

NHERI Lehigh EF Experimental Protocols

- Real-time Integrated Control System . ' s
* Hydraulics-off mode ""Sel rpows D@ TR .
» Used for validation of testing methods/algorithms, e lr.;;};"*"""’ Borse St
raining, education I st e tmemsfemsan{imostay. |
« Both servo-hydraulic system, test structure and I ;?;:m:mlso;",:ﬁ;wl{f ey [“ i S""ll e Sml M |
any analytical substructure modeled analytically [ (T I m i pranmgaen :

===

- Safety .
.. eal-lime
« Software limits are enabled on the Integrated Control System  (asue s
Syste m. Accumulator System

» Hardware actuator positon stroke and
test specimen displacement limit switches placed.
« Emergency stop system actlvated throughout —

laboratory

Limit ChedkerValue Change Comp Cmd {mm)
Chedker

([ [T




NHERI Lehigh EF Experimental Protocols

 Real-time Integrated Control System

* Hybrid simulation:

* Robust integration algorithms: Explicit mKR-a Integration Algorithm - Explicit
unconditionally stable integration algorithm with controlled numerical energy
dissipation and controlled overshoot (Kolay and Ricles, 2014, 2017).

« Adaptive actuator control: Adaptive Time Series (ATS) Compensator (Chae et al.
2013) —

* Negates both variable time delay and variable amplitude error response,
using measured test structure state feedback to achieve accurate specimen
displacements

* No user-defined adaptive gains =» applicable for large-scale structures
susceptible to damage (i.e., concrete structures)

« Time delay and amplitude response factor can be easily estimated from the
identified values of the coefficients

Kolay, C., & Ricles, J. (2014). “Development of a family of unconditionally stable explicit direct integration algorithms with controllable
numerical energy dissipation.” Earthquake Engineering & Structural Dynamics, 43(9), 1361-1380. DOI:10.1002/eqe.2401

Kolay, C., and J.M. Ricles (2017). “Improved Explicit Integration Algorithms for Structural Dynamic Analysis with Unconditional
Stability and Controllable Numerical Dissipation,” Journal of Earthquake Engineering, http://dx.doi.org/10.1080/13632469.2017.1326423

Chae, Y., Kazemibidokhti, K., and Ricles, J.M. (2013). “Adaptive time series compensator for delay compensation of servo-hydraulic
actuator systems for real-time hybrid simulation.” Earthquake Engineering and Structural Dynamics, 42(11), 1697-1715, DOI:
10.1002/ ege.2294.



http://dx.doi.org/10.1080/13632469.2017.1326423

NHERI Lehigh EF Experimental Protocols

Real-time Integrated Control System

* Hybrid simulation analytical substructure created by either
« HybridFEM
» OpenSees with OpenFresco interface

MX;y1 + CXiyq + (RE+RY, ;) = Fiyq

Numerical

X+ and Xj4q

integration

Analytical substructure Experlmental substructure

Schematic of hybrid simulation



HybridFEM

MATLAB and Simulink based computational modeling
and simulation coordinator software for dynamic time
history analysis of inelastic-framed structures and
performing real-time hybrid simulation

Simulink architecture facilitates real-time testing
through multi-rate processing

Run Modes
 MATLAB script for numerical simulation

« Simulink modeling for Real-Time Hybrid simulation with
experimental elements via Real-Time Targets, and hydraulics-
off for training and validation of user algorithms.

User’s Manual for training




Hybrid FEM

Configuration Options:

« Coordinate system of nodes « Materials

* Boundary, constraint and restraint conditions « Elastic

 Elements  Bilinear elasto-plastic
+ Elastic beam-column » Hysteretic
« Elastic spring  Bouc-Wen
 Inelastic beam-column stress resultant element e Trilinear
* Non-linear spring » Stiffness degrading
» Displacement-based NL beam-column fiber element « Concrete
* Force-based beam NL column fiber element « Steel

« Zero-length

« 2D NL planar panel zone

» Elastic beam-column element with geometric stiffness
« Geometric nonlinearities
« Steel wide flange sections (link to AISC shapes Database)
» Reinforced concrete sections
« Structural mass & inherent damping properties
« Adaptable integration methods




Users Guide

* Detalls of the Equipment Specifications, Experimental
Protocols, and Equipment Inventory are given in the
User’s Guide

https://lehigh.designsafe-ci.org/resources/

LEHIGH UNIVERSITY DESIGNSAFEC]
EXPERIMENTAL FACILITY N/

® Facility Overview Equipment Portfolio Protocols ~ Projects Resources Workshops  Contact

RESOURCES FOR RESEARCHERS

NHERI Lehigh ATLSS Usage Responsibility of Data ATLSS Laboratory
RTMD EF User's htes for NSF Rates for non- Costs Management Plan Safety Plan
Guide HERI Projects NHERI Projects



https://lehigh.designsafe-ci.org/resources/

IT Operations and
Cyber Infrastructure

Thomas Marullo
IT Systems Administrator




Overview

IT Infrastructure and Equipment
Hardware/Software Capabillities
User Training and Testing
Cybersecurity and Risk Mitigation




IT Mission

« Design IT Architecture from the ground up

« Complete control of all IT aspects to facilitate all
types of required simulation techniques

2004 Present




RTMD Control Laboratory




IT Infrastructure

Internet
10 Gbp

Level 3
Internet2

+ Science DMZ 10 Gbps
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SCRAMNet+

Shared memory space for multiple systems
High speed communication over fiber optics
Mathworks/Java/C++ Support

Flexible memory B i
structure for defining

multiple control and
DAQ systems

2018 SCRAMNet GT '
Upgrade




IT Infrastructure
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RTMDctrl

» Servotest Pulsar Control System

« Configurable servo-control system for
hydraulics actuator control

e 1024Hz control rate

SERVOTEST [ -
DCS 2000 (L

[Si03 Gormearor 2_F3] [scraunEs]

LowPemued o ’w"'""ﬂ,\,” »/u 8 & F 2

* Fine tuning - =
of PID loops -
~@ll 165 mm | 11

'] Dl Concl3 5cs - Instart 1 7 -
° CUStOmlzab|e E‘ | 0.0000 units pr— 4 19 —

[Begtacem=nt 2 natzri ] [GiwiConcter 2500 ]

1 f 35 mmf A= ko Hmm
Mean [3.4 H mm
interface =

] 28.0kN

] AR
»/m | O < o L |
[Cisgacomesn 3 teatas 5]

i

« 2018 Upgrade e T

| 77k




RTMDctrl

o Wlneman INERTIA Control System

Unlimited multi-mode
closed-loop control

 Integrated test editor
* Integrated with various NI modules
* Integrated PID control loop tuning

« Complete access to tuning system
variables
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RTMDdagq

 Pacific Instruments 6000 -~ URLE e
Data Acquisition System e )
« 304 channels, 384 expandable ENINRE L

 Voltage, Strain,
Thermocouple

« Variable sampling rates

» 4 kHz for Real-time Testing
« Sensor list exporting for archival
« 2018 USB Based Upgrade
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we,

Simulation = RTMDsImM/RTMDxPC
ol

BT

* Host-Target configuration
» Real-time and custom applications

 Dell I7 Precision Workstation

o=

« High power workstation for execution and prcessin

« Speedgoat Targets (Simulink Real-time)
* Dedicated Intel i7 4Ghz real-time systems

Multiple Targets

» Defined roles
« Parallel processing for larger, more complex models




RTMDsIm

Workstation/Host

* Mathworks suite

« Coordinator of synchronized control and data
acquisition -

« Hydraulics on/off testing —
numerical simulation for




RTMDxPC

« Speedgoat systems, CPU performance up to 4 GHz
* Industrial quality design for robustness

* Multi-core support for parallel processmg

 Daisy chaining

* Available modules for DAQ
and control

« Simple interface with
Simulink and S-Functions

* Quick prototype turnaround




Telepresence
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Telepresence

« Data Turbine (RBNB) (dataturbine.org)

Aggregates data from SCRAMNet
using RTMD tools to define channel
list, sample rate and duration

Streaming of data and images locally and remotely
Additional storage archive of test data

Working with Cycronix team —_ 1
with CloudTurbine ‘\\\/ —
,%/ e —




RDV

* Real-Time Data Viewer (RDV)

« Connect from anywhere on any system

» Invaluable tool for visualizing  [ESEG—_—ET——
Real-Time Hybrid Simulations

«  Working with Cycronix team f

563607

and NASA with OpenMCT S —

9 04:26:41.040Z

564475
0
564910 9 04:26:47.048Z

Welcome to Open MCT
This brief tour will introduce you to the main
elements and concepts of the application. To

[ Rover Surface Operations

% Postlanding shakedown cancel at any time, click the '’ in the top right of
this box, or click ‘Next to continue.

- 00:15:00

@ Local Clock ~

LEHIGH ML

DESIGNSAFE-C|

; i . o 1ATADNC
UNTVERSTITY. CTIONAL SIMULATION ‘s : L ‘ l ‘ v&v
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3D Model Panel for RDV

- 3D Modeling for RDV |-
« Real-time visualization
complete structural
system in hybrid
simulation =

CCCCCCCCCCCCCC



Telepresence

 Video/Imaging systems

Blue Iris

(4) Sony SNC-EP550 HD

(9) GoPro Hero 3 Black camcorders

(2) Sony SNC-RZ30N network cameras
Nikon D70 D-SLR camera

HD camcorders available
upon request through Lehigh

Portal for all users to access and
control web cameras

Archived video available for
previous experiments

LEHIGH
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Science DMZ 10 Gbps

Data -

TMDws Web Cameras | |
RTMDdata Website 'C ‘ | \ 1 Gbps
flexTPS [ 7)) M | I

| Lehigh HPC Resources Globus Data Transfer Node Border Router

Backup Server

Cisco 1/10 Gbps Ethernet Switch )

- Lehigh Firewall
RTMDtele RTMDsim RTMDxPC RTMDxPC RTMDctrl RTMDctrl RTMDdaq

Data Turbine | Simulation Real-time Real-time Pulsar Servo Inertia Servo Data
Data Archiver Coordinator Target Target Controller Controller Acquisition
NI NI
DAQ nes DAQ Instrumentation
&
* Sensors
( SCRAMNet )
|
I Damper M) e -
Hydraulic _I -
Actuators [zl
Hydraulic Pumps & J

Accumulator System e |

’ Specimen a
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RTMDdata

Synology DS 1817

8 hard drive slots, 96 TB capamty up to 216 TB
« 10Gb Connection e

Dual-disk Redundancy
Network Attached Storage
Public and Private storage




Data Management Plan

Local repository for data storage managed by NHERI Lehigh with
offsite backup risk mitigation through DesignSafe-CI

Unlimited Google Drive space through Lehigh University

Locally stored data adheres to the Lehigh University records
retention policy or extended by the ATLSS Center IT management
Included under NHERI Lehigh data management umbrella:

» Unprocessed and RAW data from experiments

« Converted and derived data sets using computational software

* Experimental photos and videos

« Computational models and analytical data sets

« Scripts and software developed for project tasks
Local curation utilizing folder/file structure

* Project/Date/Task Description/Data Set; format “testname_date”

DesignSafe-ClI curation through Data Depot and Data Model

B LEHICH #« R &%; DESIGNSAFEC]
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Backup Procedure

Synology Cloud Backu

CrashPlan ProE

tmm3
———Synology Cloud Backup—bm Archives/Public/Backups
- Mapped to RTMDsim -
L] 'y CrashPlan App
LTS Synology
DS1817
RTMDsim CrashPlan Ap
A
———Synology Cloud Backup———— *
] Weekly
LS A | |
RTMDdaq
DesignSafe
Synology Cloud Backup————
i
A
Pulsar DCS
m—Da”‘/ e
Web
m palyryne
Tele
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Software Capabllities

« Components for simulation coordination

« MATLAB, Simulink (RT)
LabVIEW RT/VeriStand (Wineman Inertia)
Lehigh HybridFEM through Matlab, Simulink
OpenSEES via OpenFresco
SIMCOR (UIUC), ANSYS




Training: Documentation

] APC UPS PowerChute Network.docx
@ CameraGrabber.docx
| Actuator Acceptance Test Data| @) ¢, mmunicating MATLAB with SCRAMNet.docx

) - | Archived Test Data . o
o U G d @ Compiling SCRAMMet Libraries.docx
Se r S u I e J ATLSS Organizational Chart

W] Configure a sensor list in PI660.docx

| Iware

J LT = W] Configure SCRAMMet Memory Map.docx

- Repository of g
e pOSI O ry O i DAP CSV Converter |E_'1 Configuring LinkiXchange for SCRAMMNet Loop.docx
S IE RS L TR e Eﬂ Data Turbine Usage.docx

teCh n | Cal d OCU m e ntS 1= EESD PBD Damper Revised Pap{ @l piggq scRAMNet Configuration.doc

| EELT @ RDV 3D Detailed Example.docx

d e m OS an d Vl d eO i INERTIA @] RDV 3D Panel User Guide.docx

) . IMERTIA 3 Stage Valve Validatic Eﬂ RDV 3D Rotation Example.docx
tUtO (i a|S . Lehigh Data Model (9] RTMD Backup Flowchart.vsd

- :EEE?TE T:_D'ST -~ W] RTMD Backup Plan.doc
. . NEECE) Ul o=l B RTMD Data Sharing And Archiving.doc
L Aval I ab I e tO a” USEI'S | neessensorand Equipment Lis nﬂj RTMD FacilitiesDegscriptiu:-n.du:-c 9
. PI6000 Manuals (=] RTMD IT Infrastructure Version 2.vsd
. Posters Ml RTMD IT Support Plan.doc
. RDV Demaos / Wl RTMD Safety Plan rev2012_10_01.docx
- REU ] RTMD SCRAMMet Configuration.docx
- RTMD Facility Info @] RTMD Users Guide rev2012_11_12.docx

e Eal e S ] Using the Target PC.doc
J Servotest Hydraulic System

J Videos
, Workshops and Site Visits

o - -



Training: Hands on

Familiarize users with Testing and IT equment

Introduce users to software
and user tools

« Describe all safety requirements

 Perform validation studies on
ohysical test bed

e Demonstrate various
simulation techniques




Simulation Safety

« Command software limits
 Bound and rate limits —

» Controller software limits ﬁ
e System trip and shutdown

Hardware displacement limit switches
E-Stop buttons 5 :

=L

Limit Chedwer Value Change Comp Cmd (mm)
Cheder

[T




Hybrid Simulation Components

« Simulation coordinator

* Integration algorithm

« Computational model of analytical substructure
« Kinematic error compensator

« Actuator delay compensator

« Experimental substructure

Integration

Algorithm
System

Restoring Forces

Command

Displacements )
Analytical Command

Effective Displacements
Simulation Analytical substructure
Force : )
. Coordinator computational model
History Computed

Restoring Force MeaSL_Jred Restoring Forces
and Displacements

Experimental Kinematic Actuator Delay Servo-hydraulic system
Command Displacements Compensator Compensator Experimental substructure

) - '@ A NATURAL HAZARDS
UNITVERSTITY. S ‘,_\‘.,.‘I...ql- JAZARD:
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Hybrid Simulation Modules
| woowe | Developer | Stas

Simulation Coordinator Marullo and Chen®  Open Source

CR Integration Algorithm Chen and Ricles® Open Source

Actuator Control: Chen and Ricles®  Open Source

Inverse Compensation

Actuator Control: Chen and Ricles®  Open Source

Adaptive Inverse Compensation

Actuator Control: Chae, Ricles, and Open Source

Adaptive Time Series Compensation Kazemibidokhti(?)

Actuator Control: Mercan and Open Source

Kinematic Error Compensation Ricles®

Computational Modeling/Sim Coordinator: Karavasilis, Seo, Available on xPC for

HybridFEM and Ricles® all users. Open
Source

(1) developed by NEES@Lehigh
(2) developed by users

LEHIGH = @8 DESIGNSAFE-C|
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RTHS: Model Flow

i=i+1 <
Integrgtion Next Step
Algorithm Integration
X(i+1) Algorithm ‘
X(i+1) Experimental Component [ X(i+1)
BPosition Actuator Control Target
Xiiye PP PDDDDDDDD DD Xit1)e
Simulation Receive
coordinator T, T, Component

Responses

[ state = f(X(i+1)a) doneI [state] }
memory

Computational Model




RTHS: xPC Grid

Structural
response

Integration
algorithm

Experimental substructure
restoring forces

Analytical substructure
restoring forces

¥ LEHIGH "R 4. DESIGNSAFE-C|
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Site Developed Tools

'DRTMD Simulstion and Co

0 1|[CRaw  Limits| gk
value | [7] DAQ 4

Bl SCRAMNet Channels

=al=

Actuator Offset File Stream Record

Actuator Range 500
: SCRAMNet Ch 1

123 3G B8T[uStrain [int [ True [ True [R[ 1000 True [ 1 0.0002T755 [ 319.06 [0 [ 1/4 Bridge 1

124: SG29 | 882 | uStrain | int| True | True |R| 1000 | True | 1 | 4.9465e-05| 319.08 | 0| 1/4 Bridge 1.

125: SG30 | 883 | uStrain | int| True | True | R | 1000 | True | 1| 0.000456312 | 319.08 | 0| 1/4 Bridge 1

126: G1| 884 | uStrain | int | True | True | R| 1000 | True | 1] 0.00035454 | 319.08| 0 | 1/4 Bridge 12

X M L f. t.
127: 5G2 | 885 | uStrain | int| True | True | R| 1000 | True | 1] 0.0015384 | 319.08 | 0] 1/4 Bridge 120
: 128: SG3 | 886 | uStrain | int| True | True | R | 1000 | True | 1] 0.0012404 | 315.08 | 0] 1/4 Bridge 120
. 129: 5G4 | 887 | uStrain | int| True | True | R | 1000 | True | 1] 0.00014542 | 319.08| 0 | 1/4 Bridge 12
130: FB11896 | KIPS | int| True | True | R | S00 | True | 1] 0.00024077 | 82.818 | 0| Full Bridge

131: FB3 | 897 | KPS | int | True | True | R| 500 | True | 1 0.00048873 | 82.818| 0 | Full Bridge
132: FB20| 898 | KIPS | int | True | True | R| 500 | True | 1| 0.00080583 | 23.1726 | 0 | Full Bridge

133: FB211 899 | KIPS | int | True | True | R| 500 | True | 1] 0.0026309 | 231726 0 | Ful Bridge
= (ETITEITy LETET 134: FB4 | 900 | KIPS | int| True | True | R| 500 | True 11 | 0.0024784 | 82,818 1 0 | Full Bridae
¢ Da.ta. COI |Ve rSIOI I o oy, e . F

Actuator Length 1000.0 Actuator New Channel - T
Actuator Zero Position 0
Name FB20 DAQ Channel
o e I e re S e n C e S b e
I p (Extention is - , Retraction is +) Max Relal Location gog | Lbrans m_

File Edit View Format Help

External LVDT Setup Max Com|

. . Actustor Cmd (mm) Model Cmd (mm) Daplacement 5 (mm) Losd’s () Velocty s (ms) DS B E s
E ; afet I I m I tS | Controller Blocks DAQ Blocks i
i3
y offieat_Fixed} [Gounts EU}
Convert FP 1o Fix Ganvert DAQ Counts o EU

LVDT2R (inches) » 10 1VOT SF (nches)

TueeToey )

% : P
- - - - 2 | Options _ Data Bins 5 I | ’ Convert DAQ Counts
Ml
B _akbarg-21-Test3 ¥ _1_2012.08-21-16-53-29.sdap @1024 [° Convert FP to Fix

=T i xPC Blocks

- - ) [ | Sceled *PC File Blogk
> D a.ta. l \I I a-l S I S - DSGTOETIET SCRAMMNet Blocks Utilities L
i ; SCRinit LimitChecker  Vslue Change
e} . Checrer

| Slow Sine Wave
R write -

Ramper Flexible Ramper

Start Delay =2
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IT Experiment Support
Start to Finish

Researchers and NHERI Lehigh team work together on training,
development of experimental protocols, instrumentation, control and
safety plans

Create project storage and collaboration space on DesignSafe-Cl Data
Depot

Design control configuration through numerical and hydraulics off
simulations for validation

Configure data acquisition system for sensors
Configure video acquisition system for cameras
Configure data stream for local and remote data viewing
Initiate safety protocols and run experiment

Data is locally archived and queued up for offsite sync

Research team processes data locally and stored in Data Depot at
DesignSafe-Cl into data model. Tools available to process data available
locally and on DesignSafe-Cl




Lehigh Hybrid Data Model

Skt s youn avnbiry b s s @ by

* Improve existing schemas -

* Focuses on model
components and
assembly

Master Simulation Coondinator &

000§

Natural Hazard Type

e Hybrid simulation e
metadata

Gravity s+

* Currently integrating into =
NHERI Data Depot

Close

Lee. C.H., Chin, C.H., Marullo, T., Bryan, P., Sause, R., and J. Ricles, “Data Model for Large-Scale Structural Experiments,” Journal of Earthquake Engineering, 12:1, 115 — 135, 2007
Lee, C.-H., Chin, C.H., Marullo, T., Bryan, P., Sause, R., and Ricles, J. M., “Development of NEES Data Model for Large-Scale Structural Experiments,” ATLSS Report No. 06-16, Center
for Advanced Technology for Large Structural Systems, Lehigh University, Bethlehem, PA, December 2006.
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Cybersecurity- LTS

« Lehigh University Library & Technology Services
IS responsible for umbrella cybersecurity policy
and management

University border firewall and intrusion protection
System and network monitoring

Incident response plan

Data management and backup plan

Email Encryption and spam protection

Annual NSF Cybersecurity summit




 SANS (SysAdmin, Audit,
Network and Security) - 20 e
Critical Controls B———— T o pratmcne, and Sorees

Inventory of Authorized and
Unauthorized 5oftware

« Continuous Risk and 1 Conrotd Use o

Administrative Privileges

Secure Configurations for

Vulnerability Assessment and Hardware & Sotwar on Laptops,

Workstations, and Servers

Security Strategies —
° E nte rp rl se SySte ms e 14 :::Imi:f::u“u:t:t::ﬂ |.=:|'5
° E m al I e Controlled Access

1 5 Based on the Need to Know
Application Software Security

¢ LI b rary Account Monitoring

1 E and Control
Wireless Device Control

 All Central Storage 17 vot Loss revention
o VM C | u St er Data Recavery Capability 18 Incident Response Capahility
. :r:'nmu!hst?:;&:ﬁ: IEII:It E“:'s 19 secure Network Engineering
« Network Infrastructure Services Secure Coniguratins for e
10 network Devices such as 20 Red Team Exercises

Firewalls, Routers, and Switches




Cybersecurity — Risk Reduction

« Annual Disaster Recovery Exercises

« Beazley — (Cyber-insurance)

« NESSUS — (Vulnerabllity Assessment and Scanning)

» ldentity Finder — (Sensitive Data Leakage Prevention - DLP)
- Data Reduction Efforts — Remove, Redact, Restrict

« Crashplan — (Data Backup)

« Bitlocker — (Full Disk Data Encryption)

« Virtru and GPG - (Encrypted Email Solutions)

» Distributed Denial of Service (DDoS) Protection through Level3
Networks

« Cisco firewall collective intelligence for Intrusion Detection and anti-
malware




Cybersecurity — Endpoint

Border Anti-malware Subscription — (Cisco firewall Anti-malware)

Microsoft System Protection and Malwarebytes — (Antivirus on the
Endpoint hosts)

Secunia CSI (Corporate Security Inspector) — (Endpoint Applications
Patching and Software Inventory)

VMWare Horizons — (Virtual Site Access Technologies to Enterprise
Systems)

Google Vault and Logstash/Kibana — Discovery, Monitoring and
Incident Response Dashboards




Cybersecurity — NHERI Lehigh EF

« NHERI IT Manager maintains a local cyber
security policy and procedure
« Weekly updates of operating systems to maintain
Integrity
« Password protected systems under the LU domain

» Restricted remote access to NHERI systems and
telepresence

« Secured system racks, offices and building doors
* LAN firewalls and intrusion protection




Software Lifecycle Management

« Mission: To provide software solutions to users

* Vendor solutions
« Mathworks — Simulation — LU License
« Servotest — Hydraulic Control — Annual SMC
 Pacific Instruments — DAQ — Annual SMC
« LabVIEW HIL Suite — NI — LU License + EF License

« Community Software
* OpenSEES, OpenFresco — Simulation
« Data Turbine — Data Telepresence

* In-House Development
* HybridFEM — Simulation — OpenSource

* Lehigh University offers a wide range of propriety software and
alternative open source and community supported options




Interaction with DesignSafe-CI

Lehigh was first EF to design a DesignSafe-ClI
EF Website

Contribute a Large-Scale and Hybrid Data
Model schema

Test and recommend DesignSafe-Cl website
functionality

Perform beta testing of data management
software




Website

http://lehigh.designsafe-ci.org

LEHIGH UNIVERSITY DESIGNSAFE-CI
EXPERIMENTAL FACILITY ueiezaing comnn NozZz N T

#  Facility Overview  Equipment Porifolio  Protocols ~ Projects Resources ~ Workshops  Contact

FACILITY OVERVIEW
Text

To help meet the grand challenge of community resilience to natural hazards, the
Natural Hazards Engineering Research Infrastructure (NHERI) Lehigh Experimental ® Leh|gh University | DesignSafe Experimenta‘ Faaili... 0 ~»
Facility (EF) was funded by the National Science Foundation (NSF) to be a world-class, PeSiansnte-eumadial § ¥ | ] L Y, T8 ¥

open-access facility that enables researchers to address key research questions " e' W? gd ' ' ' ‘e ﬁ y U' ' u
associated with the challenge of community resilience. The NHERI Lehigh EF has a P e : F} .
unique portfolio of equipment, instrumentation, infrastructure. testbeds, experimental S ,m u’a t, O n
simulation control protocols, large-scale simulation and testing experience along with .

know-how that does not exist elsewhere in the United States. The unique strength of v . '
the NHERI Lehigh EF is accurate, large-scale, multi-degree-of-freedom and multi-
directional simulations of the effects of natural hazard events on civil infrastructure
systems (i.e., buildings, bridges, industrial facilities, etc.) with potential soil-foundation
effects.

P,l'
é.‘
| —

The types of laboratory simulations and tests enabled by the NHERI Lehigh EF include: - ! ’ 5

N

. Hybrid simulation (HS) which combines large-scale physical models with
computer-based numerical simulation models

2. Geographically distributed hybrid simulation (DHS) which is a HS with physical
models and/or numerical simulation models located at different sites.

3. Real-time hybrid earthquake simulation (RTHS) which is a HS conducted at the
actual time scale of the physical models.

4. Geographically distributed real-time hybrid earthquake simulation which
combines DHS and RTHS

5. Dynamic testing (DT) which loads large-scale physical models at real-time scales
through predefined load histories.

6. Quasi-static testing (QS) which loads large-scale physical models at slow rates

through predefined load histories.
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Website

JLEHIGH UNIVERSITY DESIGNSAFE-C|
EXPERIMENTAL FACILITY L S NSNS

viaw  Egopment Padfolie  Protocol > Projests  Reoweces  Warksbops

PROJECTS
Colloborative Research: A Resilience-based Seismic Design Methodalogy for Tall Wood B
MM 1835227 - Pl James Fiskec, Lenigh Universty; 0071 flonard 3auce, Lenigh Universrty

MM 188184 - P1 $NIling Pel, Coloraco 3ohooi of Mines

Idings - Structural Component Studies

Collaborative Research: Semi-Active Controlled Cladding Panels for Multi-Hazard Resilient Buildings - Passive Damper Device Study

CIMI 1483487 — P1 James Rioles, Lahigh Univercity; 6071 3pencer Quisl, Letigh Univercity

4 Story Simplified Model

8. Cladding Gravity Connector
N} Pinned Connection

[ B == ReactionForces
X2 | N
o8t 4 X - i N
ity & |

3
A |
w

X.
2 B X
N Semi-Active Friction
Device Reaction Forces
Yo e Fy
5 [
)
St
Top View
Falkicile 10-izery bu
NHERI@UCSD shake: table [ewpe:
_)’
Comaa
Anlytizal Treptamamant
ubstrud .
R Jp— {eamoigdevicest
Simndation
e
—
satoring
[
(Medeled in {Modeled in
the Real-time the
computer) laboratory)
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Website

LEHIGH UNIVERSITY = DESIGNSAFE-C|
EXPERIMENTAL FACILITY Eueeeains comiunny NogZ-2 N "

#  Facility Overview  Equipment Porifolio  Protocols v Projects  Resources =~ Workshops  Contact

RESOURCES FOR RESEARCHERS

Y ATLSS Usage fyATLSS Usage FResponsibility i Data fATLSS FNHERI Lehigh
Rates for NSF Rates for non- of Costs (17.2 KB) Management Plan Laboratory Safety RTMD EF User's
NHERI Projects NHERI Projects (135.2 KB) Plan (488.8 KB) Guide (2.7 MB)
(284.4 KB) (357.3 KB)
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Thank you!
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