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DOE/NNSA own many mission-critical

facilities in regions of high seismic hazard

' A DOE Labs/Sites

0-4

Lowest hazard

Los Alamos

e

Livermore Y.12

' e




DOE seismic considerations span from older

legacy facilities to new modern facilities
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The 1980 Livermore earthquake was

a defining event for the DOE complex

Extensive disruption
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- Extensive building damaged

- Program laser system damaged

- Complete loss of site electrical power
- Extensive disruption of facilities

- No strong motion instruments on-site

- Initiated a decade+ seismic upgrade
program




This event helped initiate DOE leadership in

risk-informed, performance-based standards
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TABLE 1-4. Structural Deformation Limits (hte)pte,) u

for Limit State :T
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For many DOE :

Limit State Structural Deformation Limit facilities SSI
T is important
A Large permanent distortion, short of collapse
Significant damage
B Moderate permanent distortion
Generally repairable damage
€ Limited permanent distortion
Minimal damage
D Essentially elastic behavior
No damage




Robust simulation capabilities are essential

to fully realize performance-based design
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The National Labs have often brought

advanced simulations to seismic issues

National Ignition Facility
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Three components of an LBNL DOE project

supporting simulation code capabilities

Urte)ptp) 1) An experimental capability for validation
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2) Implement new capabilities for nonlinear
analysis of both soils and structures

3) Testing and utilization of
computational models
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An expert panel to provide
feedback along the way




Enhancements to an HPC code for nonlinear

analysis of structures and soils

Combined with advanced
nonlinear structural l

v

element technology
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Testing, verification & validation of

nonlinear capabilities

Element Level Comparisons System Level Comparisons

Companson of multiple beam elements for Column
an5 ; t ,.4 ti ,.72 bl l)wnh " " hardesmng mel;eho’l—» H’—‘Hb—‘ H ’—‘H)—<H
S o E— — — 30f 30 ft 30 £ 04
s ES S| Fiber Section <—> <—> <—><—>
210° 1 & \GvADA Fiersoction — {wasess | {(wassss |
] wn 176 Wl41176 “’14:176 W14 x159)
,,,,, 5 _d#‘ t ]
___________ i 110 pr il f e e
""""" 8 5 o Al o 3@13f [Wix176] WH:]?GI Widx176] Widx 159
5 1
& 'g' “;F f {W24x76} {W2ax76} {W24x76
2 L
Foq10° .' e |Wﬂxﬁ\ [Wias17] [Wiax17§ Wi4x159
. F | | | I [
120 inches length o105 L |
W 14 x 159 cross section Figure 1. Three Story Steel Moment Frame Building designed for UBC Zone 3
-310° |
-6 4 2 0 2 4 6

Concrete | ’ 3

s *a >§A >|

= / ! p p i 5
=3

8 < 9 9 9 >
LE m m m m

——ESSI
——OpenSees

.28 F
-200 -100 0 100 200
Displacement [mm]




For validation of structural elements we
collected existing data from all sources
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“A versatile numerical model for the
of squat-to-tall reinforced concrete shear walls”
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reinforced-concrete shear walls

Floriana Petrone *°, Frank McKenna*, Thanh Do ¢, David McCallen ™"

oty o Nved, R, WOUET. LEA

Pancee, CA S405, 034

ARTICLE IXFO AssTNACT

Tt - o) fovees w5 the
ke 7 st vy wlew

Stk e vaili sespeass epasre, pastaulids

Darmage concrets mavrtal . design where e il bood. bl =i 2 hall

U g el Lndentmding of dasssen erchitin wwe reqused. P peasteal sptetons sd fa petaeing et

ocalines aaslys, it s desiiable 13 dave

T this od, thaa papee pre.

= Openzes: (1] ieaties e agl
0 and dymassie by 3. The racel
includes 1) the e fromn the 4 corems cousled with
Layered sectiome md (1) 1 7l A nmple

Proseduse far dabcnciniog ecow e raAnTLAl paracae s & peopeend ol il aidiiee b codictad

be rebsbly ued

vasssty of 0412 ks Ly ssalyad 1o promde
el il might i ek dnmpley 16 culey S evimce ind sk L A
anahyes Tasslly, memknear

oped m avestipae e Tepoca meh

[

L tanedie tion

RC shear wals oce Wrgely adepend to et batesad Joads mpesed by
wind or earthuekes, a0 expected 9 <OMNE DOISIT deSHmATIONS
w casure Gucdliy o fespecae W exmenie lowds, Resexrch has showa
ar erbancing e indastie diglacenmt eopacity, e tin e
rength, ean sabeumtially Lieprove the eIty of shear wall cyetens
0 rekt eariguakes (Walace ad Moele 2], Aw‘mumuu.
3011 30 i

2 Incight loeo e
Tudbding symen Dystereds behaviod under eyelic
Stertig i tee il 1969 ¢ (Tosn and O, 1955 [1]), dgratieans
-

e oalinews coasumutve behaviar o RC

m wm. vl e mddm anategies propaced i e litennire

hich are formuulated & sermas of etrais aad seguire e Sefiurus o

B e, pravie chamced Ryvieresss Qamping
Cutvent budéing sesuie dedgn SOTIES 19 Thove 10wt perus

10 1k states are defines based o0 damage Jevels, This poses & oom.
pediing eed Soc suduist et opesaticnally puaetical mumerical tools for
the community of irsctaral aabvatz. capabe of capmstzg

g 8 w19 10165 o X
Neccived =

Ola1a296/0 2021

wehich are

Pouedaed 0t of geoesalized stal: and sequir the deflritico of

focee vesmn dsfermation relationsips. The Ssmer (uwaally uriizong

S e plent s ket sl iy b

.pane wd cut-af.

“tresc and sTAD v Be lenset Didkiess, 1 era .umumum
bend sk eiects. ste buck:

e fom 17 N 228: A 3 A 2




Active code development efforts are now

under the DOE Exascale Computing Project

Geophysics > Engineering >

Regional-scale Geophysics ground motion Infrastructure response Infrastructure

domain simulations simulations demand / risk
(billions of zones) (thousands of stations)
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Fully coupled ground motion — structure

simulations (SSI + complex incident waves)
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Early conceptualization of the
Large Scale Laminar Soil Box (LLSB)

* Drive nonlinear soil response
 Make it as big as practical
- Representative soil confinement

- More realistic structural models
(no rigid bodies!)
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from cartoon to detailed design
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The platen is complete and assembled,
fit-up was exceptional and very flat




Laminar Soil Box fabrication




Soil box construction




Soil box completed

Bearings

L
EFAEAR AR AR

, _




Bearing plate precision leveling check

Laser level




Reaction blocks, actuators and
bearings/bearing plates




The final phase of construction - hydraulics

“Down in the
basement”




« Commissioning

- Comprehensive testing of all systems and system
performance validation

* Ready for Experiments

- New insight into nonlinear site response

- Data for confronting site response and SSI simulations



