Y LEHIGH

=
=
g
=
\\@‘z

Real-Time Multi-Directional Testing Facility

NHERI Lehigh Facility User Experience
Seismic Hazard Mitigation with Pressurized Sand Dampers
and their Response in Extreme Temperatures

Kostas Kalfas
Assistant Professor: kkalfas@uttyler.edu
The University of Texas at Tyler
College of Engineering, Dept. of CE, Tyler, TX

November 16, 2023

I EHIG H NHERI Lehigh Experimental Facility — —

U N [V E R7S5GelES Researchers Workshop

\TURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE



mailto:kkalfas@smu.edu

SMU-Lehigh-UT Tyler Collaboration

Prof. J.M. Ricles Prof. N. Makris
Pls
@ UTTyler % LEHIGH




SMU-Lehigh-UT Tyler Collaboration

Prof. J.M. Ricles Prof. N. Makris
Pls
Dr. K. Kalfas Dr. L. Cao
Researchers
@ UTTyler % LEHIGH




SMU-Lehigh-UT Tyler Collaboration

Prof. J.M. Ricles Prof. N. Makris

\—'—I

Pls
Dr. K. Kalfas Dr. L. Cao

Researchers

Dr. T. Marullo

I'T Expert

@ UTTyler % LEHIGH

Real-Time Multi-Directional Testing Facility




SMU-Lehigh-UT Tyler Collaboration

Prof. J.M. Ricles Prof. N. Makris

\—'—l

Pls
Dr. K. Kalfas Dr. L. Cao

Researchers

Dr. T. Marullo

I'T Expert
SMU & ATLSS Research Center Staff and Technicians

@ UTTyler % LEHIGH

Real-Time Multi-Directional Testing Facility




How It started?

Quest for velocity-independent (hysteretic) dissipation
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Widely used response-modification devices

Response modification devices to serve sustainable infrastructure

Retrofit of Benicia-Martinez
Bridge, California Rafael Bridge, California



Widely used response-modification devices: Fluid dampers
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Bay Bridge (San Francisco) retrofitting scheme

Bay Bridge
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Bay Bridge (San Francisco) retrofitting scheme

Bay Bridge
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Prototype Pressurized Sand Damper
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Prototype Pressurized Sand Damper
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Pressurized Sand Damper — Experimental campaign
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Tubes with different diameters and lengths
« Spheres with different diameters

« Subjected to different stroke amplitudes, pressure levels, cyclic frequencies



Pressurized Sand Damper — Experimental set up
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Behavior of the PSD
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Normalized loops to the strength of the PSD,
Fsp(u=0) = HSprz + ukpmd, gLy

Master Curves

o . - . |
= = ) =45+ 1
D=2R=1397Tcm=35+ ]_.-"3 in D=2R=1397cm=: 2

d=2r=508cm=21in d=2r=572cm=2+ 1-""4 in
j I ! 1. — | . i
g 20 Loops from: st Loops from: 20 +Loops from: fa=ss-A-ri-=.oops from:
S 158 =123 MPal L p=1MPa 1551 ip=12MPa |- B#% p=1MPa
E loE 7 I jﬁ:! H 10f i e J===F3=
N r iaEn
R 5F ] * 5 E
3| 3 1 ’
ke, -:- 0 _ ) ======= = =N ; ————
+ 5= = Loops from: _5E
=S5 ; =1.2.3.4. 5 MPa
K -0EEE a8 |isEaie= + 0110 ]
“ 15k pass i 1 _1s Loops from: § [§
SHEE ig=z, 15 = 1.2.3 MPal
-20 ' : ' : ' : 205 : ' ;
-8 -6 4 -2 0 2 4 6 8 -8 -6 4 -2 0 2 4 6 8
displacement [cm] displacement [cm]

*Kalfas KN, N Makris, and U El Shamy. 2023. “Assessment of the effect of design parameters of
pressurized sand-dampers from component testing.” ASCE - J Eng Mech, 149(10), pp: 04023072



Nonlinear real-time hybrid simulations of structural
systems with pressurized sand dampers
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Nonlinear real-time hybrid simulations of structural
systems with pressurized sand dampers
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Double-ended sand damper to be mounted on the CLT rocking wall
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*Kalfas KN, N Makris, and U El Shamy. 2023. “Assessment of the effect of design parameters of pressurized
sand-dampers from component testing.” ASCE - J Eng Mech, 149(10), pp: 04023072

Kalfas KN, L Cao, JM Ricles, and N Makris. 2024. “Seismic response of CLT rocking structures equipped with
pressurized sand dampers through real-time hybrid simulations.” ASCE - J Eng Mech (under preparation)



Nonlinear RTHS of rocking systems with PSDs
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Nonlinear RTHS of rocking systems with PSDs: Input motions
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Nonlinear RTHS of rocking systems with PSDs

1989 Loma Prieta, California earthquake

1994 Northridge, California earthquake

1999 Kocaeli, Turkey earthquake
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Nonlinear RTHS of rocking systems with PSDs

1989 Loma Prieta, California earthquake

1994 Northridge, California earthquake

1999 Kocaeli, Turkey earthquake
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Nonlinear RTHS of rocking systems with PSDs

1989 Loma Prieta, California earthquake
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Nonlinear RTHS of rocking systems with PSDs

Real-time Hybrid Simulation of a CLT Rocking Wall System equipped with Pressurized Sand Dampers (PSD) subject to
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Temperature effect on the response of PSDs
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Temperature effect on the response of PSDs

6 °C = 43 °F: reached after approximately 5 hours
40 °C = 104 °F: reached after approximately 1 hour and 42 minutes

60 °C = 140 °F: reached after approximately 2 hours and 20 minutes
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Temperature effect on the response of PSDs
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Temperature effect on the response of PSDs

2cm, 1 MPa, 0.25 Hz 2 cm, 2 MPa, 0.25 Hz
100 100
80 80
60 60

_ 40 / 40 '

£ 20 o 20 i —— ;

E 0 - i " £ 0 1] = _ .'

g -20 LT .. goCc=43°F 20 a Henen 6°C =43 °F
-40 i 20°C=68°F 40 F i 20°C = 68 °F
:gg wee= 40°C = 104 °F :gg we== 40°C = 104 °F

100 60°C=140°F 7o 60 °C = 140 °F
3 2 a1 o0 1 2 33321 o 1 2 3
@ ()
100 1 cm, 3 MPa, 0.10 Hz 00 1 cm, 5 MPa, 0.10 Hz
80 80
60 60 -

= 40 40 Eril

Z 20 mmr 20 %4—:‘:

7. Tt o

g 20 e 20 e
e --s- 6°C=43°F 40 L= 6°C =43 °F

cee= 40°C = 104 °F ... 40°C =104 °F
o0 60°C=140F 50 60 °C =140 °F
3 2 1 o 1 2 333 1 o 1 2 3
(©) (d)
1 cm, 5 MPa, 0.25 Hz 2 cm, 1 MPa, 0.50 Hz
100 100
80 80
60 60

_ 40 40 ;

zZ 20 20 gy

> 0 = ] 0 ey

g -20 s 20 e - 6°C =43 °F
-40 T T aee 6°C = 43 -40 20°C =68 °F
:gg --=- 40°C = 104 °F :gg ---= 40°C = 104 °F

100 60°C=140°F 700 60 °C = 140 °F
2 1 o 1 2 373 "2 1 o 1 2 3
displacement [cm] displacement [cm]

(e



REU Experience




Future Steps — CLT rocking wall with supplemental damping

« 5/8-scale cross-laminated
timber (CLT) rocking wall

* Allow for a drift ratio,
“/on, 0f 3% = rocking wall
maximum rotation:

Hm ax

~ tanOpmgy = %/, = 0.03rad

* Maximum damper
elongation:
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Future Steps — CLT rocking wall with supplemental damping
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