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L] CJC & ASSOClates Table 2 — Results of PF-4 Nonlinear Analyses and Fragility Evaluation (Ref. 10)
201 3 DBE* Med. Cap. Variability
( ) No. Component Failure Mode (8) /DBE (B) Pe (x 107)
. 1 | Shear failure of interior roof girder on Gridline 8 1.007 2,94 0.33 0.92
- MU|t|p|e Analyses leading to collapse
. 2 | Tension-shear failure interior roof girders leading 1.007 3.07 0.50 0.80
— Development of nonlinear to collapse
3 | Shear failure of exterior roof girder 0.805 3.80 0.53 0.54
baCkbone curves based 4 Exceed captured Type V column rotation limit 0.797 3.07 0.25 0.51
. h and possible collapse (Basement Columns
on static pushover Embedded in Vault Walls)
H 5 | Tension-flexurs yielding of Service Chase roof 1.160 3.99 0.43 0.38
anaIySIS slab leading to large vertical displacements and
e possible collapse
- Fraglllty parameters 5] Punching shear failure of laboratory floor slab 1.220 4,10 0.30 0.31
H leading to collapse
based on med lan mOdeIS 7 Loss of axial load capacity for captured Type V 0.797 4.05 0.37 0.29
at DBE |eve|s Of |oad|ng columns following a shear failure leading to

collapse. (Basement Columns Embedded in Vault

¢ SG H (201 4) 8 ‘l:';?lrlr?tljlation of a yield line mechanism in the 1.220 434 0.35 0.29

laboratory floor slab with large vertical

—_ Mu|t|p|e anaIyS|S displacements possibly leading to collapse.
9 | Onset of shear wall strength degradation 0.797 3.94 0.32 0.28
_ Developed a multl_mode 10 | Flexure yielding of exterior roof girder leading to 0.805 4,75 0.45 0.28
. large vertical displacements and possible collapse
adaphve pushover model 11 [ Tension-Flexure yielding of interior roof girder 1.007 5.81 0.41 0.15
leading to large vertical displacements and
— Did not quantify failure possible collapse
12 | Probability of failure based on combined fragility 1.007 2.33 0.37 1.21
rateS of lateral and vertical failure modes.
13 | Probability of failure based on combined fragility 1.007 2.67 0.46 1.04
of vertical mechanisms
14 | Probability of failure based on combined fragility 0.757 3.07 0.25 0.53

of lateral mechanisms
*Design Basis Earthquake ground motion expressed as the spectral acceleration in terms of the acceleration due to gravity at
tha frequency that dominates the response of the element/system.
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Previous Analyses

» Seismic Experts Panel

— Looked at “similarities and differences” in two sets
of existing analysis

— Published findings in 2015 report

* Prudent Actions

— Increase shear capacity of all interior roof girders
— Increase shear capacity of roof girder at line 8

— Conduct limited physical test of slab-capital-column
systems to simulate gravity and severe earthquake
effects

* Required Actions

Inspect tops of columns for potential shear cracking
under gravity loads

Inspect sliding joint detail in service chase

Understand rotational restraint provided by service
chase corridor

Post live loads limits

* Observations

— Nonlinear response-history analysis should be
used for future fragility or risk assessments for
complex structures such as PF-4.

— We see no need to perform another vulnerability
assessment of PF-4 at this time.
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f A ":‘ Department of Energy LA L o)
g‘“‘i’\“:\f&é\ Department of Ener L YA f oo
%} \/)'/ u.nomn'&.d:,v Socurgé :dmingx.uon T VA s
. . g Aot 18,2015
NLDA — Non-Linear Dynamic
[ The Honorable Joyce .. Connery
Analysis T s s
525 Indiana Avenue, NW, Suite 70(
Washington, DC 20004
SPR — Seismic Performance
Reassessment St o
I transmitted the enclosed memorandum to the Los Alamos Field Of
Alamos National Lab to update their plan to address the

Why do we need this?

2015 NNSA directed LASO
to conduct a nonlinear
dynamic analysis of PF-4 N o i oy oo o

NNSA made a commitment J//z.w Y/

lnn J 1l.|m eIl

to DNFSB -

I. Olencz, AU-1.1
K. Lebak, NA-LA

appropriate seismic margin for this
completion
wtiny
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»@Alamos
P-SPRaP = NLDA + SPR

Objective — “To obtain a state-of-the-art seismic performance analysis
of PF-4 (as upgraded), with results that can be compared to the
alternate criteria of ASCE/SEI 43-05 and the DOE STD 1020 Target
Performance Goal. The analysis would build upon the four seismic
performance analyses accomplished during the last five years to
further improve understanding of and confidence in PF-4’s long-term
seismic performance.”

Jim McConnell to Kimberly LeBak (Manager, NA-LA), 2015
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TABLE 1-3. Target

DOE O 420.1c Performance Goals for SDCs
DOE STD 1020 Target Performance
SDC Goal (Pr)

NNSA Commitment toward ongoing

seismic safety improvements i (<1x 107
: . 2 (<4 X107%)*
The Project consists of a number of 3 1% 10"
subprojects 4 ~4 %1073
Nonlinear Dynamic Response History analysis 5 ~1x107°
of PF-4
Computation of Probabilistic Seismic Demand Notes:
P o o *Working Group's assessment of perfor-
Update of Seismic Fraglllltles mance goals approximately achieved by
Performance Computation building codes.
Generation of Time Histories Shaded boxes, SDC 1 and 2, are not ad-
dressed in this Standard.

Seismic Performance is measured
against Performance Goals in ASCE
43-05
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New Framework
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Why are we confident in favorable results?

NLDA Phase 1 shows us that system nonlinearities significantly
affect engineering demand parameters (EDPs) and reduce risk

Risk in the context of DOE O 420.1c, DOE STD-1020-2016, ASCE
43-05 is measured in terms of annual seismic induced failure

Pr = ZPF|ai(Pai)
i=1
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Why are we confident in favorable results?

NLDA Phase 1 shows us that system nonlinearities significantly
affect engineering demand parameters (EDPs) and reduce risk:

CAPACITY
DISTRIBUTION
STRUCTURE

DEMANDS

GROUND
ACCELERATION
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Approach for Final Risk
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Summary of Project: Integrated Approach > Los Alamos
NLDA and Performance Re-assessment
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Guiding Principles
Plan for necessary end-use of NLDA from beginning (think ahead)
Collaboration across LANL, INL, and sub-contractors (leverage expertise)
Build consensus across stakeholders with incremental milestones (transparency)
Leverage prior DOE/NNSA investments in modern techniques and knowledge (build upward)

Phased Approach
NLDA Phase | (April 2020)
Finalize modeling details (technical studies — finished)
Build and debug baseline model (Finished)
Obtain agreement from technical project team on approach
NLDA Phase Il (Q1, 2022)
Development of simulated cases at various ground motion levels
Execute analysis runs, extract seismic demands
SPR Phase Il (Q4, 2023)
Update seismic fragilities corresponding to seismic demands
Convolve fragilities with hazard
Verify seismic performance aChieMﬁg:LASSIFIED
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How can NNSA use this at other facilities?

Majority of NNSA faciliies were built coincident to maturation of
seismology and earthquake engineering (60s-80s). Legacy methods can
only go so far in evaluating beyond design capacity.

P-SPRaP methods allow one to quantify and credit performance margin
that was previously recognized but had to be neglected.

P-SPRaP methods are a lifeline for widespread NNSA facilities: Avoid
unnecessary and costly upgrades to facilities that can be shown to meet
target performance goals.

DOE/NNSA have invested millions in R&D of the methods applied to P-
SPRaP. Time to put it in practice to benefit the facilities.
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