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Background Documentation

FEMA P-58 Background Documents are a series of reports documenting the technical
background and source information for key aspects of the FEMA P-58 methodology and its
implementation. These reports were developed over the course of the 10-year ATC-58/ATC-58-1
Projects funded under FEMA Contracts EMW-2001-RP-0056 and HSFEHQ-06-D-1105.

Background Documents were developed by consultants, serving at various levels within the
project hierarchy, reporting the results of: (1) decisions on technical development protocols; (2)
focused studies on the development of key aspects of the methodology; (3) documentation of
recommended procedures; and (4) collection of available data for the development of structural
and nonstructural fragilities. They were initially intended to serve as a record of the technical
state-of-knowledge at the time they were produced, and as resources for the development of the
eventual project reports. As such, they represent a snapshot in time, and may, or may not, match
the technical content, recommended procedures, or data incorporated into the final methodology
and its implementation.

This Background Document is intended for the purpose of providing supplemental knowledge to
users of the FEMA P-58 methodology. Information contained herein has not been independently
verified for accuracy as a stand-alone document, and may have been superseded in its final
implementation within the methodology. Users of information in this document assume all
liability arising from such use.

Notice

Any opinions, findings, conclusions, or recommendations expressed in this publication do not
necessarily reflect the views of the Applied Technology Council (ATC), the Department of
Homeland Security (DHS), or the Federal Emergency Management Agency (FEMA).
Additionally, neither ATC, DHS, FEMA, nor any of their employees, makes any warranty,
expressed or implied, nor assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, product, or process included in this publication.
Users of information from this publication assume all liability arising from such use.

Cover illustration — Primary resource documents for the FEMA P-58 Seismic Performance Assessment of
Buildings, Methodology and Implementation series of products: FEMA P-58-1, Volume 1 — Methodology,
and FEMA P-58-2, Volume 2 — Implementation Guide.
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ABSTRACT

Verification and Validation of the Guidelines for Building Seismic Performance
Assessment (ATC-58) is a necessary step for assuring the Guidelines’ quality, and
is defined as a process of independent methodology review, quantification of the
uncertainties inherent in the Guidelines methodology, and comparison of the
methodology with available examples and data, using in all cases the best
available data and methods. Independent review of methods is a significant part
of validation, yet does not provide independent corroboration. Quantification of
uncertainties informs users and allows them to determine the Guidelines’
“validity”. Verification is different from validation, is also required for the
Guidelines’ methodology, and is performed in part by the development team itself
and in part by independent use of the methodology and comparison against case
studies. This report reviews the 35% draft of the Guidelines and provides a plan
verification and validation of the methodology (outline only). An approach for
quantifying the uncertainty due to each issue is presented, together with
approaches for independent verification (partial only in this draft). The V&V
plan for 2008 is outlined — the central activity for 2008 is the identification of four
buildings for initial trials of the methodology, and performance of the four initial
trials during 2" and 3™ QO08. Based on those initial trials, a report will be
prepared and presented to the PMC in December 2008. The report will include a
plan for V&V activities in 2009-10. The estimated budget for V&V activities in
2008 is $96,000.
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1 INTRODUCTION

This Guidelines for Building Seismic Performance Assessment (“Guidelines”) is intended to
provide a methodology, procedures and criteria to estimate the probable earthquake performance
of individual buildings based on their unique structural, nonstructural and occupancy
characteristics. The guidelines are currently under development and are intended to be used as
part of a performance-based seismic design process, either for design of new buildings, or
evaluation and upgrade of existing buildings. The guidelines are being prepared by the Applied
Technology Council, under its ATC-58 project to develop Next-generation Performance-based
Seismic Design Criteria. Funding for this project has been primarily provided by the Federal
Emergency Management Agency of the Department of Homeland Security. During 2Q07 a 35%
report on the development of the Guidelines was issued, and the Guidelines are scheduled to be
developed over the next several years.

A key aspect in achieving reliable Guidelines and results is validating and verification of
methods and data employed in the development of the Guidelines. While verification and
validation is a critical need, how to do this for a new technical development is often not obvious,
and the verification and validation procedure must be tailored to the nature of the development
and needs of users. This plan lays out a plan for verification and validation of the Guidelines
during their development.

In order to develop the Plan, a Verification and Validation Team (“VT”) was assembled during
2Q07, consisting of four persons:

e Jack Baker, Assistant Professor, Stanford University
e David Bonneville, Degenkolb Engineers

e Charles Scawthorn, Professor, Kyoto University

e Hope A. Seligson, MMI Engineering.

Scawthorn served as Team Leader. The task of the team was to develop a plan (the Verification
and validation Plan, or “Plan”) for achieving validation of the Guidelines during their
development. While it was possible that the VT would do some, or even a significant part, of he
verification and validation, that was left to the VT to consider as part of the Plan. That is, it was
not a given that the initial VT would be performing the actual verification and validation.

2 VERIFICATION AND VALIDATION

Before proceeding further, it is useful to define the term verification and validation as relevant to
this project. As generally used (but sometimes confused), the terms refer to procedures to assure
the project goals are achieve — that is:

Validation assures, confirms and checks that the product design satisfies or fits the
intended usage (high-level checking) — i.e., the right product was built.

Validation is often used synonymously and/or confused with verification, but a clear distinction
exists:
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Verification assures, confirms and checks that the final product satisfies or matches the
original design (low-level checking) — i.e., the product was built right.

These definitions and differentiation of “V&V” are standard in quality management in many
industries, such as software (Wallace, Ippolito and Cuthill 1996). In other words, as applied to
software, the standard term Verification confirms that the software processes the algorithms
correctly, while Validation confirms the algorithms are correct (ie, model 'reality’
correctly). Note that the Guidelines project is a methodology development project with a strong
software component (and deliverable, in the form of PACT), as well as data development.

An important aspect of V&V is that it be independent (IV&V) — particularly the validation
aspect. Verification of methods and software by their developers (‘testing’) is a normal aspect of
software, or any engineering, endeavor. However, an independent team engaging in V&V is
considered vital'.

“What constitutes validation” and “verification” (or, “what is V&V”’) was discussed by the VT
early in the development of the Plan. An example of Validation that was offered was the proof-
of-concept task during the HAZUS-MH Flood Model. That task consisted of using hand
calculations to compare a methodology being proposed by the Flood Model team (in 1999) to
develop what would be the HAZUS-MH Flood Model results if the proposed methodology was
employed, and to compare those hand-calculated results against results and methods of higher
accuracy. Figure 1 shows an example of estimation of stream cross-section using the proposed
(remotely sensed “DEM”) methodology versus best available information on stream cross-
section (‘the truth’, as embodied in detailed survey stream cross-section), and the associated bias
and error.

On the other hand, Verification is typically accomplished by review of a method’s algorithms
and comparison of results using the algorithms versus known data and results from experience or
obtained using other algorithms. Review of a method’s algorithms includes review for logical
consistency, mathematical accuracy and appropriate data. Comparison consists of finding
empirical results, and using the algorithms to estimate the results for the empirical situations,
with comparison of the two results.

The HAZUS example highlighted what is validation? In the context of a project such as the
Guidelines, one cannot simply say ‘the method is valid’ (or not), as there are no accepted (ie,
quantified) definitions for valid (again, in this context). Rather, V&V is performed by technical
examination of the methodology, with the goal of estimating the ‘error’ (or a bound on the error)
of the methodology’s results versus a best estimate of the ‘true’ loss”.

That is, V&V 1is a process, the outcome of which is (i) an estimate of the departure (if any) of the
methodology’s best estimate (systematic bias of the mean or median) from a best estimate of the

"see for example NASA’s IV&V Center http://www.nasa.gov/centers/ivv/home/index.html

? Note that the probability distribution of the loss reported by PACT is most likely an underestimate of the total
uncertainty, since not all sources of uncertainty are accounted for. In the meeting, the VT identified a number of
uncertainties not currently considered in the methodology. This is the crux of the matter. If the methodology were
to be modified to properly account for all significant sources of uncertainty, in some cases even if only by
judgmental factors, then the method’s pdf of loss output would provide a ‘valid’ estimate of the results confidence
bounds. Whether the method should be so modified will be a matter for consideration by all parties as the
methodology and validation efforts proceed.
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‘true loss’, and (ii) an estimate of the methodology’s total uncertainty, vs. the methodology’s
reported uncertainty.

The VT, objectively and independent of the methodology’s developers, reports its review of the
methodology’s algorithms, and its best estimate of these two errors (error in the mean, and
associated uncertainty). Given that the algorithms are “verified” (ie, determined to generally be
logical and consistent), the estimate of the error then informs the user as to the degree to which
the methodology is ‘valid’ or not. That is, users are provided an independent estimate of the
results error, and can determine for themselves how acceptable the error is (i.e., how ‘valid’ the
results are). Depending on the magnitude of these two errors, the VT and, similarly, the PMC,
may or may not be able to make some qualitative statements as to the method’s overall ‘validity’.

With this understanding, the VT then examined each step in the Guidelines methodology, as
documented in the 35% report, with the goal of identifying sources of error and uncertainty, and
identifying how those steps’ error and uncertainty might be measured against best available
information. The remainder of this report discusses the Guidelines methodology according to
this framework.

3 GUIDELINES METHODOLOGY AND ASSOCIATED ISSUES

The 35% Guidelines report does not provide a simple clear overview of the proposed
methodology. The only available flowchart of the methodology is shown in Figure 2, which
indicates the methodology consists of five major steps, generic to most risk analysis:

1. Define the Building Configuration
Characterize the Earthquake Hazards
Determine the Building Response (via Simulation)

Assess Building Damage

A

Compute Building Losses

The VT each took one of these steps and flowcharted it in further detail, with the aim of
understanding in some detail the proposed methodology, and identifying sources of error and
uncertainty in each step of the methodology. A discussion of each step follows.

3.1 Define Building Configuration

The first step in the Guidelines methodology consists of defining the building location and
configuration — that is the structural, non-structural, occupancy, value, use and other attributes of
the building. The process as currently conceived for doing this is shown in Figure 3, and
consists of first defining the location, and then structural systems and non-structural components.
(Basic Assessment, Ch. 8; or Enhanced Assessment, Ch. 13).

Issue 1.1: In the Basic Assessment (BA), the Default data is used for structural and non-
structural attributes. Only mean estimates of these values are used, and variability in the number
and placement of structural / non-structural attributes doesn't appear to be accounted for (ie,
variability in the performance of the attributes is accounted for, but not variability in their
number./placement). Another issue is Performance Groupings, which introduce potential for
effects of correlation. A first approach for investigating the effects of not accounting for this

Page 7 of 36



ATC-58 Validation Report (2nd DRAFT)
5 March 2008

variability would be to use Enhanced Assessment (EA) results as a standard to compare against
the Basic Assessment results, to estimate uncertainty. This requires several dozen® analyses to
have a basis for comparison.

Resolution 1.1: The VT would compare EA and BA results and estimate added uncertainty in
the BA approach. This approach would involve analysts performing the EA (effort for this
allocated there); 100 hrs allocated for added effort to perform and document the BA for the same
buildings; 40 hrs for VT to review and quantify added uncertainty.

Issue 1.2: In the EA, building specific data is used for occupancies, structural and non-structural
quantities, fragilities and perhaps values. While building specific data is used, it will still have
some errors, as well as inherent variability for movable objects due to occupant operations.

Resolution 1.2: Some quantification of average and variability of structural and non-structural
quantifies is needed. This topic has been investigated (Ellingwood, Galambos, MacGregor and
Cornell), and this work may be sufficient for this purpose, although a limited literature search
should be performed for more current findings. If the literature is not adequate, then sampling of
selected buildings and occupancies may have to be performed to quantify the variability. The
effort for resolving this issue is estimated as 200 hrs for lit search and/or effort to take off
quantities from sampled buildings, with 40 hrs for VT review and quantification of uncertainty.

Issue 1.3: In the EA, stock (ie, inventory) is not accounted for — in selected occupancies, such as
commercial/industrial, this can be very significant.

Resolution 1.3: Request determination from PMC whether stock is within scope of the project.
This may require some initial investigation as to relative values of stock in selected occupancies,
and PMC/VT discussions.

Issue 1.4: Temporal variability of building human occupancies clearly introduces significant
variability in casualty estimates. Whether a ‘day/night’ approximation is sufficient or some more
detailed inputs by users is justified should be considered. Clearly ‘day/night’ approximation is
inadequate in selected occupancies, such as houses of worship.

Resolution 1.4: Request feedback on this issue from the appropriate team developing the
casualty estimation procedure.

3 Several dozen is based on judgment, and can be more accurately quantified based on statistical considerations if
needed.
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3.2 Characterize the Earthquake Hazards

Issue: Are 11 points sufficient for characterizing the distribution of Sa given M and R? Typical
coefficients of variation of Sa are ~0.7, so there are a large range of Sa values to cover with 11
points. A similar concern arises when using 11 points to characterize uncertainty in the hazard
curve.

Resolution: (Later)

Issue: Justification for determining the upper and lower ranges of Sa to be considered. Number
and spacing of integration points also needs justification.

Resolution: (Later)

Issue: Improper selection and scaling of time histories has the potential to introduce error into
the resulting structural analysis results. Ground motion uncertainty is known to be a significant
contributor to repair cost uncertainty, so this may have a large practical impact on results.

Resolution: (Later)

Issue: The basic assessment description mentions only a median Sa(T1), and no dispersion. No
description is made of what to do with this median. Perhaps the uncertainty in Sa(T1) will be
ignored?

Resolution: (Later)

Issue: PSHA aggregates all uncertainties in earthquake occurrence, attenuation, etc. Verify that
these uncertainties are correctly propagated using the proposed assessment methods.

Resolution: (Later)

Issue: The choice of a target spectrum will affect results, but no guidance is given as to how that
spectrum should be determined. An entire spectrum is requested, but currently only a single
value (Sa(T1)) is used.

3.3 Determine the Building Response (via Simulation)

Issue: Documentation available to the engineer for seismic analysis varies from project to
project. When documentation is insufficient, how are the gaps to be bridged?

Resolution: (Later)
Issue: There is variation in in-place strength of construction materials.
Resolution: (Later)

Issue: What is the basic uncertainty in the results of a structural modeling and analysis? The
results of the structural analysis are input to PACT.

Resolution: (Later)

Issue: Element and component models are represented by available backbone curves, which
approximate nonlinear response with various levels of precision.

Resolution: (Later)
Issue: Assumptions on diaphragm stiffness have major impact on lateral force distribution.

Resolution: (Later)
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Issue: In certain buildings nonstructural components may affect stiffness of model and
corresponding force demands

Resolution: (Later)

Issue: Computer models typically represent foundations with fixed base assumption. What is the
effect of this assumption?

Resolution: (Later)

Issue: In simplified (linear ) analysis, Pseudo Lateral Force is calculated based on adjustment
factors, C; and C, that are approximations.

Resolution: (Later)

3.4 : Assess Building Damage

Issue In the basic assessment, default fragility functions are used. For a selected set of buildings,
these default fragility functions should be compared against more detailed analyses.

Resolution: (Later)

Issue: In the enhanced assessment, user-developed, custom fragility functions are used. What is
the uncertainty in the profession in developing such custom functions.

Resolution: (Later)

Issue: Correlation between components in the same damage state and/or correlations between
damage states. (?)

Resolution: (Later)

Issue: It is unclear how PACT determines the overall building damage state from the
performance group damage states (needs to be discussed further with Structural and Risk
Management Products teams).

Resolution: (Later)

3.5 Compute Building Losses

Issue: Figure 3-6 shows a consequence function with a probability distribution superimposed.
How exactly is uncertainty quantified on that consequence function? There are four parameters
needed to define that multi-linear function, and potentially all four could be uncertain. Is there
only a single random variable in this function, as shown in the figure, or is the figure only a
simplified conceptual illustration of a more complex uncertainty model?

Resolution: (Later)

Issue: How is the decision to use 11 ground motions justified? The 35% draft report cites a

Huang et al (2007) document available on the project website, but that document is not posted as
of 8/8/07.

Resolution: (Later)

Issue: Won’t the mean and median approaches (i.e., "Method 1" and "Method 2") produce
identical risk results? If so, then why are there two approaches?

Resolution: (Later)
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Issue: The reader note in this section states that no more than 2 of the 8 simulations trigger
collapse. Is "simulations" refering to the 8 Sa levels where analysis is performed? Does "trigger
collapse" refer to the case where at least 1 of the 11 analyses at that Sa level triggers collapse?
There will be 8*11=88 total structural analysis "simulations" so it is unclear what exactly this
criterion means.

Resolution: (Later)

Issue: The basic assessment description mentions only a median Sa(T1), and no dispersion. No
description is made of what to do with this median. Perhaps the uncertainty in Sa(T1) will be
ignored?

Resolution: (Later)

4 VERIFICATON AND VALIDATION PLAN (2008)
(outline only)

(2" and 3™ Q 08): The VT will implement the current methodology for several (approximately
4) selected buildings (“initial trials), noting issues and questions as their analysis is performed.
The VT will then meet with the Structural, Non-structural and RMP teams, to (a) discuss their
observations of the methodology, (b) sources of uncertainty, (c) sources of data for verification,
and (d) plans of the several teams for performing their own verification. Following these
meetings, a more detailed V&V plan will be developed.

4™ Q 08: A V&V plan for 2009-10 will be developed and submitted to the Project Management
Committee.

5 SCHEDULE AND BUDGET FOR IMPLEMENTING THE PLAN
(outline only)
1. April 2008: Complete this draft.

2. May 2008: VT meets, identifies two additional members (one replaces Seligson; second
is a structural analyst); identifies specific buildings for initial trials.

3. June-Oct: 2008: Initial trials are performed, results written up.

4. Oct 2008: VT meets, reviews results of initial trials, identifies key areas for subsequent
focused V&V.

5. Nov 2008: Plan for 2009-10 written, submitted to PMC.

6. Dec 2008: VT meets with PMC (one to two day full meeting), goes over results of initial
trials and plan for 2009-10, gets PMC feedback, hopefully all reach agreement for 2009-
10.

See following tab.le for initial estimate of budget for 2008
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Initial Estimate Of Budget For 2008

Step

Person-Days Effort

Estimated Cost

. April 2008: Complete this
draft.

8

$ 8,000

. May 2008: VT meets,

identifies two  additional
members (one replaces
Seligson; second is a
structural analyst); identifies
specific buildings for initial
trials.

$ 8,000

. June-Oct: 2008: Initial trials

are performed, results written
up.

24

$24,000

. Oct 2008: VT meets, reviews

results of initial trials,
identifies key areas for
subsequent focused V&V.

16

$16,000

. Nov 2008: Plan for 2009-10

written, submitted to PMC.

16

$16,000

. Dec 2008: VT meets with

PMC (one to two day full
meeting), goes over results of
initial trials and plan for 2009-
10, gets PMC feedback,
hopefully all reach agreement
for 2009-10.

24

$24,000

Totals

96

$96,000.00
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No.

Section

Question

Resolution (e.g.,
response will be
provided, issue will be
resolved in future
version of the
document, etc.)

3.3.5

Figure 3-6 shows a consequence function with a
probability distribution superimposed. How exactly is
uncertainty quantified on that consequence
function? There are four parameters needed to
define that multi-linear function, and potentially all
four could be uncertain. Is there only a single
random variable in this function, as shown in the
figure, or is the figure only a simplified conceptual
illustration of a more complex uncertainty model?

5.6.2

How is the decision to use 11 ground motions
justified? The 35% draft report cites a Huang et al
(2007) document available on the project website,
but that document is not posted as of 8/8/07.

5.6.6

Won’t the mean and median approaches (i.e.,
"Method 1" and "Method 2") produce identical risk
results? If so, then why are there two approaches?

5.6.6

The reader note in this section states that no more
than 2 of the 8 simulations trigger collapse. Is
"simulations" refering to the 8 Sa levels where
analysis is performed? Does "trigger collapse" refer
to the case where at least 1 of the 11 analyses at
that Sa level triggers collapse? There will be
8*11=88 total structural analysis "simulations" so it is
unclear what exactly this criterion means.

5.7.3

The basic assessment description mentions only a
median Sa(T1), and no dispersion. No description is
made of what to do with this median. Perhaps the
uncertainty in Sa(T1) will be ignored?
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Figure 1| HAZUS-MH Flood Model Proof of Concept
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v
3.2: Documentation
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Figure 7 Step 3 Simulate Building Response
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4.1: Generate Building Response Vector
of Demand Parameters (200
“Realizations”). For the basic assessment,
perform a statistical manipulation (Yang,
2006), as described in Appendix F (F.2).
For the simplified assessment, use a
random number generator and a simple
computation (F.3).

Component-specific
fragility curves:
lognormal dist (6psi, —
,BDSi): Default or
User-developed

4.2: Characterize Structural
& Nonstructural Damage at
the component Level (for
each realization)

4.3: Predict component
damage state (for each
realization)

4.4 Predict Building
Damage State (for each
realization)

Figure 8 Step 4 Assess Building Damage
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5.1: Compute loss (repair cost,
casualties and/or down time) using
consequence functions (applied to the
overall building damage state) for
each realization

5.2: Generate Loss Curve: results from
the 200 realizations are used to develop
mean loss estimates, variation in losses,
and generate the loss curve:

* For intensity-based & scenario-based
assessments the loss curve is expressed
as total repair cost vs. probability of
exceedance,

* For time-based assessments — the loss
curve is an annualized loss curve (total
repair cost vs. annual frequency of
exceedance) developed from the results
of a series of intensity-based
assessments (8) & an appropriate seismic
hazard curve.

Figure 9 Compute Building Losses
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