NIST GCR 97-724-2

ﬁ

APPENDICES: Development of Procedures to Enhance
the Performance of Rehabilitated URM Buildings

ﬁ

Building and Fire Research Laboratory
National Institute of Standards and Technology
Gaithersburg, Maryland 20899

United States Department of Commerce
Technology Administration
National Institute of Standards and Technology







NIST GCR 97-724-2

APPENDICES: Development of Procedures to Enhance
the Performance of Rehabilitated URM Buildings

A A - aaa A A wwaARwwes AL

Prepared for:

U.S. Department of Commerce

National Institute of Standards and Technology
Building and Fire Research Laboratory
Gaithersburg, Maryland 20899

By:

Bret Lizundia, William T. Holmes, Margaret Longstreth, and Alan Kren
Rutherford & Chekene

303 Second Street, Suite 800 North

San Francisco, California 94107

In association with:

Daniel P. Abrams

University of Illinois at Urbana-Champaign
Urbana, Illinois

August, 1997

U.S. Department of Commerce

William M. Daley, Secretary

Technology Administration

Gary R. Bachula, Acting Under Secretary for Technology
National Institute of Standards and Technology

Robert E. Hebner, Acting Director







APPENDIX A
ANALYSIS OF EARTHQUAKE DAMAGE
DATA







Development of Procedures to Enhance the Performance of Rehabilitated URM Buildings

Preface

Building damage data from three earthquakes was analyzed to find trends in damage
patterns and relationships between damage to retrofitted buildings and several ground
motion parameters. The selected earthquakes were the 1994 Northridge Earthclpake the
1987 Whittier Narrows Earthquake, and the 1989 Loma Prieta Earthquake. The inventory
of retrofitted buildings subjected to the latter two earthquakes was relatively small,
whereas in the City of Los Angeles alone, data was collected for 5682 retrofitted URM
buildings exposed to the Northridge event. The data was interpreted by creating general
and element-specific damage matrices for each ground motion parameter similar to those
in ATC-13 (1985) and Lizundia, et al. (1993).

The primary goal of this task was to investigate damage to retrofitted URM bearing wall
buildings, correlate it with different ground motion parameters, and attempt to relate
general damage and element-specific damage with ground motion to show which building
elements are the most vulnerable and at what level of shaking they begin to fail. The
ground motion predominant at a damage state is of particular interest in projecting the
performance of standard West Coast practice to moderate seismic zones.
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A.1 Summary

This appendix describes the data gathered and the analysis of data on URM bearing wall
building retrofit performance data in the Northridge, Loma Prieta and Whittier
Earthquakes. The more important conclusions are summarized below. The sections
which follow provide a detailed discussion of the data collection process as well as the
analytical results.

General Building Damage Data and Conclusions

A wealth of NorthridgeEarthquake data was collected on general building and element-
specific damage to URM buildings in the City of Los Angeles, and it was correlated with
several measures of ground motion. A brief summary of information collected follows.

e This study collected information on 5682 retrofitted URM buildings of which 751
were inspected following the earthquake, 703 unretrofitted URM buildings of which
93 were inspected, and 61 buildings with only tension-tie retrofits of which 8 were
inspected.

¢ Figure A-3 shows the distribution of post-earthquake safety ratings based on the City
of Los Angeles version of the ATC-20 (1989) rating system. There were 716
retrofitted URM buildings with ratings, yielding 482 green tags, 168 yellow tags and
66 red tags. The remaining 35 of the 751 inspected buildings did not have an ATC-20
(1989) rating.

e Figures A-8 through A-12 show the relationship of the total inventory of Los Angeles
retrofitted URM buildings, peak ground acceleration (PGA), peak ground velocity
(PGV) spectral acceleration at periods (S,) of 0.3 and 1.0 seconds, and the Modified
Mercalli Intensity (MMI). These figures show that the building inventory was
concentrated in the central Los Angeles area, some distance from the epicentral region
to the northwest in the community of Northridge. The histogram in Figure A-12
shows, for example, that the majority of the buildings (97%) were located in the
MMI=VI contour or below. At MMI=VI], noticeable and noteworthy damage
generally begins to occur in unrehabilitated URM buildings. The majority of the
buildings also experienced peak ground accelerations below 0.30g, peak ground
velocities below 25 cm/sec, short period (0.3 seconds) spectral accelerations below
0.55g, and longer period (1.0 seconds) spectral accelerations below 0.30g. As a
result, this earthquake was largely a test of retrofitted buildings subjected to moderate
seismicity, such as that in 1994 UBC Zone 2B or FEMA 178 (1992) zones with A, or
A, below 0.20. Nonetheless, given the tremendous number of total buildings, some
data is available for the larger ground motions consistent with higher seismicity areas.

e To compare ground motion and building damage, damége probability matrices similar

to ATC-13 (1985) and Lizundia, et al. (1993) have been created. Because only the
most heavily damaged buildings were inspected, assumptions were made regarding
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the damage experienced by the uninspected buildings to attempt to provide a
consistent estimate of damage to the total building inventory. Parameter studies were
run to understand the sensitivity of these assumptions. Table 9(c) shows the ATC-13
damage states vs. MMI with our best guess estimate of the damage to the uninspected
buildings. It is compared with the EERI (1994a) predictions for retrofitted URM
buildings in Table 11(b). Note that at both MMI=VII and VIH, the EERI (1994a)
predictions overestimate the actual damage in the Northridge event. Téble A-12
shows a damage probability matrix using PGA as the ground motion parameter. As
expected, damage increases as PGA increases. Other ground motion parameters
generally show similar trends.

The performance of retrofitted and unretrofitted buildings was compared. The
unretrofitted and tension-tie-only building inventory is quite small, so conclusions are
limited. In general, though, retrofitted buildings performed better than unretrofitted
buildings. Of the inspected buildings, 55% of the retrofitted buildings had ATC-13
(1985) ratings of “Light” or higher, compared to 67% of the unretrofitted buildings.
The average damage ratio for inspected retrofitted buildings was 7.7%, compared
with 10% for unretrofitted buildings. If the uninspected buildings are assumed to
have no damage, then 7.2% of the retrofitted buildings have ratings of “Light” or
higher, compared to 8.8% of the unretrofitted. With the same assumption, the average
damage ratio for retrofitted buildings was 1.0%, compared with 1.3% for unretrofitted
buildings.

Additional Conclusions

Additional conclusions include the following:

Buildings with basements performed better than buildings without basements, even
though they are typically taller. Buildings without basements had a mean damage
factor 50 percent higher than those with basements. This increase was more
pronounced where ground motion intensity was lower.

The aspect ratio of the short and long plan dimensions of a building had an small
impact: higher ratios (thus, more flexible diaphragms) were marginally more likely to
be damaged.

The aspect ratio of height of the building vs. the short dimension in plan had an
impact: ratios over 0.5 (thus, a more flexible vertical lateral-force resisting system)
were more than twice as likely to be damaged as those with ratios under 0.5.

Ground motion thresholds when noticeable damage began to occur and when there
was a sharp increase in damage were obtained for various building components. The
PGA at which approximately 1% of the buildings reported evidence of damage to
most elements was 0.15-0.20g. For diaphragms and foundations, slightly higher
PGAs (0.20-25g and 0.35-0.40g, respectively) were required to cause damage in 1%
of the building population. A sharp increase in damage occurred at about 0.35-0.4g
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except for wall cracking, which showed a sharp increase earlier, at about 0.25-0.3g.
Thus, these thresholds appeared to be relatively similar for all types of damage except
for wall cracking. While it is possible that this was actually the case, it seems
unlikely and may indicate inadequacies or discrepancies in the data.

Veneer failures were rarely reported—inspectors mentioned veneer failures only 11
times in an inspected inventory of 751 retrofitted buildings. This is inconsistent with
anecdotal evidence from various sources such as EERI (1996) which indicated more
extensive veneer failures.

Limitations of the Data

Based on this study and similar efforts in previous earthquakes, collecting useful damage
data is difficult. There are many limitations in attempting to use information collected in
the post-earthquake safety evaluation process to draw conclusions about the effectiveness
of current retrofit provisions. These limitations include:

Buildings usually are not dispersed homogeneously across the various levels of
ground motion. For City of Los Angeles data from the Northridge Earthquake, for
example, 93% of the buildings are in areas where the PGA is 0.30g or below.
Drawing conclusions about performance expected in areas with higher ground
shaking was thus compromised. Little data is available for retrofitted buildings in
high intensity areas from the Loma Prieta or Whittier earthquakes, as well.

Isolating building characteristics so that the influence of a single variable can be
studied is often difficult. Residential buildings, for example, might appear to perform
worse than nonresidential buildings, but what if residential buildings in the data set
have some other common attribute which has a greater influence on damage and
which, if eliminated or held constant, would then reveal that residential occupancy
does not have a noticeable influence on damage?

Poor quality in design and construction is often considered to be a leading cause of
damage. According to the City of Los Angeles Task Force (LATF, 1994), for
example, there was anecdotal evidence of low mortar strength in most of the buildings
which experienced in-plane and out-of-plane failures of walls, parapet failures, and
wall tie anchorage failures. Nonetheless, it has not been possible to perform
statistical studies of the influence that either the quality of original construction or the
quality of the retrofit design and construction on building performance because of the
lack of comprehensive data collection.

Building jurisdictions typically have limited resources and thus difficulty in justifying
performing post-earthquake safety evaluations in areas where shaking or damage was
believed to be lower than the average. Thus, inspections tend to be concentrated in
areas with higher damage, and results are skewed. With the City of Los Angeles
retrofitted building data, for example, only 13% of the buildings have inspection data.
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Assumptions regarding the damage suffered by the uninspected buildings must be
made to limit the bias. These assumptions introduce some uncertainty.

It is difficult to determine from the available data the best estimate of damage
immediately following the earthquake. In the City of Los Angeles, for example, the
initial report was, in some cases, the most reliable because later reports were updated
to reflect post-earthquake repairs. In other cases, later reports were more reliable
because they were done by more experienced personnel. Figures A-6 and A-7 show
the changes which resulted between the first report and the second.

The experience and conscientiousness of the inspector clearly can dramatically
influence the quality of the data. Many inspectors have limited experience with post-
earthquake safety evaluations and may not correctly adhere to the criteria intended to
be used in completing an assessment form. Even the best inspectors, however, can
reach different conclusions when observing the same event, so consistency of
reporting can be a significant issue.

In many cases, the inspector may not have sufficient time or may be unable to enter
the building so that interior damage will not be known. Similarly, without an interior
inspection, it is generally difficult to determine the retrofit approach used on the
building.

Generally, the pre-earthquake history of a building is not known to the inspector, so
existing cracks may be mislabeled as earthquake damage.

Measures of damage, such as the cost of repair, require the inspector to draw a
conclusion which may be influenced by later events. Will the owner decide to make a
cosmetic repair? Or will the owner decide or be required to strengthen? The final
cost depends on many factors over which the damage inspector has no control.

In any large data collection effort, data entry errors will result. Obvious
inconsistencies usually can be identified and eliminated after querying the data, but
these records are then lost. There is, however, no way to verify data that initially
appears reasonable, and potentially inaccurate data may thus remain in the dataset.

Similarly, when "geocoding” or matching an address on a post-earthquake inspection
form to the address in a geographic information system (GIS) database, there can be
many addresses which will not match. In GIS parlance, a successful match is a "hit."
Some inconsistencies can be eliminated and the hit rate improved, but this is a time-
consuming process, and it is unlikely to ever achieve a 100% hit rate with very large
databases.
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A.2 Background

Unreinforced masonry buildings are unique as a construction class because of the
comparatively extensive amount of data on unretrofitted building performance in past
earthquakes. This is because URM construction has been used in both large cities and
small towns throughout the United States for several hundred years; these buildings tend
to be the most frequently damaged; the damage is typically easy to observé; and the
buildings are clustered in identifiable districts, such as central business or industrial areas.

There is little uncertainty in the identification of common failure mechanisms of
unreinforced masonry buildings. Several comprehensive studies have been undertaken in
the last decade. Kariotis and Ewing (1979) lists seven basic failure modes inferred from
observations of damaged buildings. ATC-14 (1987) includes a comprehensive literature
search of earthquake damage examples for various types of construction, including
unreinforced masonry buildings. Damage to URM buildings in the 1983 Coalinga,
California earthquake was investigated and failure mechanisms identified in Reitherman
et al. (1984). Rutherford & Chekene (1990) documents a comprehensive investigation of
seismic retrofitting alternatives for San Francisco’s unreinforced masonry buildings.
Ultimately, these various studies identify many similar deficiencies and draw many of the
same conclusions regarding failure mechanisms for URM buildings, including:

o Inadequate or nonexistent parapet bracing.

e Non-parapet falling hazards caused by inadequate cornice, veneer or other appendage
anchorage.

o Inadequate connections between exterior brick bearing walls and floor/roof
diaphragms for seismic forces.

e Wall failure in bending between diaphragms.

e Excessive diaphragm deflections.

e Corner damage.

¢ In-plane wall failure.

e Roof and/or floor collapse

e Soft-story or other configuration-induced failure.

Although there has been limited seismic retrofitting of existing URM buildings in
California for many years, most of the work has been done in the last decade. Because
seismic retrofitting is a relatively recent phenomenon and because it has not been
undertaken consistently across the state’s many communities, there have been few
significant earthquakes to affect retrofitted buildings.

For this study, building damage data from three earthquakes was analyzed to find trends
in damage patterns and relationships between damage to retrofitted buildings and several
ground motion parameters. The selected earthquakes were the 1994 Northridge
Earthquake, the 1987 Whittier Narrows Earthquake, and the 1989 Loma Prieta
Earthquake. The inventory of retrofitted buildings subjected to the latter two earthquakes
is relatively small, whereas in the City of Los Angeles alone, data was collected on 5682
retrofitted URM buildings exposed to the Northridge event. The data was interpreted by
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creating general and element-specific damage matrices for each ground motion parameter
similar to those in ATC-13 (1985) and Lizundia, et al. (1993).

The primary goal of this task was to investigate damage to retrofitted URM bearing wall
buildings, correlate it with different ground motion parameters, and attempt to relate
general damage and element-specific damage with ground motion to show which building
elements are the most vulnerable and at what level of shaking they begin to fail. The
ground motion predominant at a damage state is of particular interest in projecting
performance of standard West Coast practice to moderate seismic zones. The final
objective was to identify elements which should be further strengthened to obtain better
performance for specified shaking intensities.

A.3 1994 Northridge Earthquake Data

The 1994 Northridge Earthquake is one of the most thoroughly studied natural disasters
in the nation’s history. Not only was it the first earthquake to be centered in a highly
populated urban area with dense infrastructure, but ground motions were significant
enough to cause building damage over a wide area. Hundreds of well-distributed strong
motion recording instruments monitored the event, yielding the most complete ground
motion information to date. Further, agencies such as the Federal Emergency
Management Agency (FEMA), California Office of Emergency Services (OES), and the
City of Los Angeles Department of Building and Safety (LADBS) were (as a
consequence of recent earthquakes and other natural disasters) experienced in post-
earthquake emergency evaluations and data collection efforts. The massive amount of
data collected by the various disciplines may now be manipulated and correlated with
increasing ease because of recent technological developments, including improvements in
computer hardware and software and the development of Geographic Information
Systems (GIS) for geographical analysis of data.

The Northridge Earthquake provided a major test of the performance of retrofitted
unreinforced masonry buildings, and once again pointed out the vulnerability of URM
buildings that have not been strengthened. Because of the passage of an ordinance in
1981 that required seismic strengthening (Division 88 of the City of Los Angeles
Building Code), most URM buildings in the City of Los Angeles have been retrofitted.
This ordinance requires that all URM parapets be removed or braced, that mortar joints
be tested and walls strengthened if they do not meet minimum values for shear strength,
that walls meet certain clear height/thickness requirements or be braced for out-of-plane
forces, that walls be anchored to floor and roof diaphragms, and that diaphragms meet
certain strength and stiffness requirements. Other cities in the Los Angeles area have
ordinances similar to Division 88, though a few have not yet required strengthening. The
vast majority of retrofitted buildings in the area affected by the earthquake are located in
Los Angeles, and, as a result, data collection efforts for this study were directed there.
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Retrofitted URM Inventory Database Development

Overview of Data

This section describes the development and limitations of the retrofitted URM building
inventory used for the evaluation of the Northridge data. Each building in the evaluation
inventory was tracked by LADBS in three databases: the First Inspection Database, the
Reinspection Database, and the Inspection Log Database. In addition, we obtained the
City’s database of the buildings subject to Division 88 requirements (the total URM
inventory). This Division 88 Database contains both building characteristics and retrofit
compliance history. Geographical components within these databases were used to
correlate individual building damage data with ground motion data. Each of these
databases as well as the ground motion data are described in this section. A subset of this
information has been completed for interested researchers; see Section A.6 for details.

The final building inventory used for our evaluation is termed the Reduced First
Inspection (RFI) Database. It contains building location, structural attributes, detailed
damage descriptions, and ground motion data for all of the URM bearing wall buildings
which were inspected after the Northridge Earthquake. Basic characteristics of the URM
building stock which are useful in this study of seismic vulnerability are location, height,
length, width, and whether a basement exists. The damage descriptions which are of
interest are, in part, wall cracking, diaphragm damage, roof/floor connection failure,
chimney and parapet damage, and column, pilaster, or corbel failure. Street addresses
were used to assign a latitude and longitude for each building. Finally, ground shaking
parameters MMI, peak ground acceleration, peak ground velocity, and spectral
acceleration (computed at periods of 0.3 seconds and 1.0 seconds) were correlated with
the building’s latitude and longitude and added to each building record.

First Inspection, Reduced First Inspection and Division 88 Databases

Immediately after the earthquake, LADBS personnel and OES volunteers formed survey
teams to perform post-earthquake emergency evaluations. The purpose of the rapid
inspection was to quickly (often with limited manpower) inspect and evaluate buildings
to identify buildings which pose a danger to public safety. Many of the individuals
providing this service are civil engineers or building inspectors. Some individuals have
post-earthquake building safety evaluation experience, and others have participated in
special training programs. These damage inspectors are familiar with building
construction so that structural damage or any unusual situations, such as falling hazards,
can be readily recognized. The expertise of structural engineers is preferred, but is not
essential for this phase of the task. The LADBS coordinated building damage
assessments using the ATC-20 (1989) post-earthquake safety evaluation method.

The purpose of the ATC-20 evaluation is

...to provide guidelines and procedures for the postearthquake safety evaluation
of building types commonly found in the United States. Development of these
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procedures is intended to promote uniformity in the rating of building damage
such that two individuals examining the same building will arrive at essentially
the same conclusion regarding a structure’s safety and its posting category (e.g.,
limited entry, unsafe) [ATC-20, 1989].

Since its publication, this manual has been used in many jurisdictions to classify building
damage from earthquakes. The three damage classifications—Inspected, Limited Entry,
and Unsafe—are defined in Table A-1. These classifications are entered on the ATC-20
Detailed Assessment Safety Evaluation Form shown in Figure A-1. Note that a recent
addendum (ATC-20-2, 1995) has slightly modified this form. The LADBS developed
their Rapid Screening Inspection Form (Figure A-2) from the 1989 version of the
Detailed ATC-20 form. Building damage inspectors completed the LADBS Rapid
Screening Inspection form and posted placards for each building inspected. The city-
wide distribution of green-, yellow-, and red-tagged retrofitted URM buildings is shown
in Figure A-3. At the time of these cursory inspections, the inspectors also provided
rough estimates of repair costs, both as a cost estimate and as a percent of total
replacement cost. A thematic map which shows the city-wide distribution of damage as a
percentage of total replacement cost is show in Figure A-4. The City of Los Angeles
reportedly accounts for over 75% of all inspected buildings (EQE/OES, 1995). The city
boundaries include many locales such as Northridge, Reseda, Sherman Oaks, Van Nuys,
Sylmar, Chatsworth, North Hollywood, and Encino.

Table A-1: ATC-20 Rating System (ATC, 1985)

p—

Posting - | Color _| Description__

Inspected Green No apparent hazard found, although repairs may be required.
Original lateral load capacity not significantly decreased. No
restriction on use or occupancy.

Limited Yellow Dangerous condition believed to be present. Entry by owner
Entry permitted only for emergency purposes and only at own risk. No
usage on continuous basis. Entry by public not permitted.
Possible major aftershock hazard.

Unsafe Red Extreme hazard, may collapse. Imminent danger of collapse from
an aftershock. Unsafe for occupancy or entry, except by
authorities.

An initial database containing the first inspection building damage data for all types of
building construction was created by the LADBS. The information contained in this
database, termed the "EQ1-94 'Not for Sale' Database," has a restricted audience and is
intended for damage assessment purposes only. At the time our study was initiated, the
overall building damage database contained 126,286 buildings. The data fields are shown
in Table A-2.

The EQ1-94 fields in Table A-2 constitute only a few of the fields available for each
inspected building. We reviewed the information available in the EQ1-94 Database and
concluded that without the remainder of the fields, which contain, in part, element-
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Block___ Parcel No.

ATC-20 Detdailed Evaluation Safety Assessment Form

BUILDING DESCRIPTION: OVERALL RATING: (Check One)

Name: INSPECTED (Green) O
LIMITED ENTRY (Yellow): -[3

Address: UNSAFE (Red) O

No. of Stories: - .

Basement: Yes ] No [J Unknown (] ixlfsiie)c%cglig&

Approximate Age: Years Affiliation

Approximate Area: Square feet

Structural System: INSPECTION DATE:

Wood Frame ] Unreinforced Masonry (] Mo/day/year

Reinforced Masonry ] Tiltup [] Time am pm

Concrete Frame [] Concrete Shear Wall (]
Steel Frame ] Other

Primary Occupancy:

Dwelling [} Other Residential ] Commercial []
Office ] Industrial[] Public Assembly [}
School[J Government [} Emer. Serv.[(J
Historic [J  Other

Instructions: Complete building evaluation and checklist on next page and then summarize
results below.

Posting: Existing Recommended

None O Posted at this Assessment:
Inspected (Green) O O O Yes [JNo

Limited Entry (Yellow) [] U Existing posting by:
Unsafe (Red) O O

Recommendations:

[ No further action required
(0 Engineering Evaluation required (circle one) Structural Geotechnical Other
{0 Barricades needed in the following areas:

(3 Other (falling hazard removal, shoring/bracing required, etc.):

Comments (Why posted Unsafe, etc.):

Figure A-1: ATC-20 (1989) Detailed Evaluation Safety Assessment Form
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ATC-20 Detdailed Evaluation Safety Assessment Form (Continued)

Instructions: Examine the building to determine if any hazardous conditions exist. A “yes”
answer in categories 1, 2, or 4 is grounds for posting building UNSAFE. If condition is suspected
to be unsafe and more review is needed, check appropriate Unknown box{es) and post LIMITED
ENTRY. A “yes” answer in category 3 requires posting and/or barricading to indicate AREA - -
UNSAFE. Explain “Yes”, “Unknown” findings and extent of damage under “Comments.”

Hazardous Condition Exists

Condition Yes No  Unknown Comments

1. Structure Hazardous Querall
Collapse/partial collapse
Building or story leaning
Other,

D000

2. Hazardous Structural Elements
Foundations
Roof/floors (vertical loads)
Columns/pilasters/corbels
Diaphragms/horizontal bracing
Waﬁs/vertical bracing

Moment frames

Precast connections

Other,

3. Nonstructural Hazards
Parapets/ornamentation
Cladding/glazing
Ceilings/light fixtures
Interior walls/partitions
Elevators
Stairs/exits
Electric/gas
Other.

4. Geotechnical Hazards
Slope failure/debris
Ground movement, fissures
Other.

0000 000000000 000000000 0000
0000 000000000 DOOODoOoDOOD 0000
0000 0OO0CoO0cOo  Coooooono

SKETCH:

Figure A-1: ATC-20 (1989) Detailed Evaluation Safety Assessment Form (cont.)
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A. TYPE OF DISASTER:
[ Fire [ €anthquake
O Flood [J Other

CITY OF LOS ANGELES
DEPARTMENT OF BUILDING AND SAFETY

RAPID SCREENING INSPECTION FORM

B. BUILDING USE:
O Residential
[ commercial

C. INCLUSIVE COUNCIL
ADDRESS: DISTRICT: ... -
D. OWNER: PHONE NO.:
MANAGER: PHONE NO.:
E. No of Stories: No. of Living Units: Basement: [J YES [0 NO [ UNKNOWN
TYPE CONSTRUCTION: URM | Ii 1l IV V  APPROX. SIZE ft._ x ft.
PRIMARY OCCUPANCY: (Check one, only) 21 THEATRE
01 OWELLING :_-I 04 AMUSEMENT 07 PVT. GARAGE 10 HOSPITAL 3 OFFICE 16 RET STORE 22 WAREHQUSE
02 DUPLEX I 05 APARTMENT j 08 PUB. GARAGE 1Y HOTEL 14 PUB. ADMIN 17 RESTAURANT 3% CONDO
03 AIRPORT | 06 CHUACK 09 GAS STATION 12 MFG 15 PUB. UTIL 18 SCHOOL 99 OTHER

F. INSTRUCTIONS: Examine the building to determine if any hazardous conditions exist. A “YES" answer in Categories 1, 2, or
“4is grounds for posting building UNSAFE. if condition is suspected to be unsafe and more review is needed, check appropriate
Unknown box{es) and post LIMITED ENTRY, A “YES" answer in Category 3 requires posting and/or barricading to indicate
AREA UNSAFE. Explain “YES", "UNKNOWN" findings and extent of damage under “Comments.”
EXISTING HAZARDOUS CONDITIONS
Condition YES NO UNK Condition YES NO UNK
1. Structure Hazardous Overall D D D 3. Nonstructural Hazards D D D
Collapse/partial collapse 0 O O Parapets/ornamentation O ] 0O
Building or story leaning O O 0 Cladding/glazing | a O
Other a a a Ceiling/light fixtures a a a
Interior Walls/partitions O O O
2. Hazardous Structural Elements D D D Ele\./ators‘ g U 0
. Stairs/Exits m} O D
Foundations o 0O 0O '
Roof/Floors (vertical loads) o O 0 Ele‘clnc/Gas g o a
Columns/pilasters/corbels [} | O Chimney o g g
Diaphragms/horizontal bracing ] O a Other o
Walis/vertical bracing O 0o a 4. Geotechnical Hazards o 0o o
Moments Frames d ] 0O Slope failure/debris gd 0 ]
Precast connections o 0O O Ground Movement, fissures O O O
Other O O O Otner ] a a
COMMENTS:

G. VacateBidg? O vyes O NO

Partially Vacate Bidg.? O YES O NO  No. of Living Units Vacated:
PERMIT REQUIRED? O ves O no

EST. DAMAGE: % EST. DAMAGE: $
H. QOVERALL RATING: Existing Recommended | I. RECOMMENDATIONS: (Circie Number / Fill in data)
INSPECTED (Green) 0 a 1. No Further Action required.
Exterior Only 2. Detailed Evaluation required.
Exterior and Interior Structural Geotechnical
LIMITED ENTRY (yeliow) a 0 3. Barricades needed in the following areas:
UNSAFE (Red) O O
Building 4. Disconnect utilities:
—— Area (See Section I1-3) Electric Gas Water
J. INSPECTOR: K. INSPECTED:
Name/1.0.: Date:
Phone: Time: a.m./p.m.

08—G4 (Aev.6/90)

DISTRISUTION. Original (0 tile tor Detailed Inspecton (i reduwed) 7 Dudicate to Data Entry / Trinticate 10 Deot Fites.

Figure A-2: City of Los Angeles Department of Building and Safety Rapid

Screening Inspection Form
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VENTURA COUNTY |

N
Q 5
Miles
PACIFIC OCEAN ]
ORANGE COUNTY
Building Posting

e Green (482)
S Yellow (168)
@& Red (66)

Figure A-3: Building and Safety Damage Assessment--Building Inspection Tagging
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Northidge
VENTURA COUNTY ' LOS ANGELES COUNTY
Glendale
Pasadena
: 10 —
Malibu i
- . e
A
0 5 10 :
Miles N .
\& :xf " s
PACIFIC OCEAN ! :
| Tormrance . * 4
/ oL \J ORANGE COUNTY ,
P L) eloingn: |
Estimated Damage Percent ‘i\ : oo Lo
Damage at each building is represented L.
by graduated circles, with: S
no damage
1 100% damage

Figure A-4: City-Wide Distribution of Damage as a Percentage of Total Cost
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specific damage descriptions and complete ATC-20 evaluation data, the usefulness of our
investigations would be severely limited. Per our request, the remaining information for
URM buildings was provided by the Resource Management Bureau of the LADBS. The
resulting list has 1240 entries and is termed the First Inspection Database. Fields in this
database which relate to this study are shown in Table A-4.

i Af tha Foal ot
Considerable effort and resources were required in the preparation of the final >|.uu_y

inventory of URM buildings from the First Inspection Database. A variety of errors and
limitations in the databases were discerned in the preparation of the study database,
through cross referencing/merging and address verification, but time and budgetary
constraints prevented the elimination of all inadequacies. The final database, referred to
as the Reduced First Insvectzon (RFI) Database, was prepared as follows:

1. The First Inspectlon Database list of 1240 was not limited to URM bearing wall
buildings; it included all buildings which fall under the jurisdiction of the Earthquake
Safety Division of the LADBS. Therefore, this First Inspection Database which was
to be the main database in our study initially contained URM buildings, tilt-ups, and
brick infills. Fortunately, as part of a separate verification effort by the city, the entire
First Inspection Database of 1240 buildings was sent to the Earthquake Safety
Division for verification and reinspection by the City’s more experienced building
inspectors. The Earthquake Safety Division evaluated approximately two-thirds of
the buildings before reorganization of the Division precluded further investigations.
The Earthquake Safety Division inspections helped identify many of the buildings
which were not URM bearing wall construction, and we removed them from an
interim version of the RFI Database. For the purposes of this study, the remaining
third was assumed to have been properly identified as URM. The resulting interim
version of the RFI Database had 1181 buildings.

2. The First Inspection Database does not indicate if the building complies with
Division 88 retrofit requirements. A master list of the original 8242 URM buildings
subject to Division 88 was obtained from the Earthquake Safety Division. This
Division 88 Database contains building characteristics and a chronological log of the
Division 88 permitting/compliance process. The fields of the list are shown in Table
A-3.

3. Of the original 8242 buildings subject to Division 88, 1606 have been demolished and
178 are exempt, leaving 6458 buildings. Exemptions were given for residential
buildings (occupancy less than five) and for those built after 1933 (allowed during
WWII because of the shortage of steel). At the time of this study, 5682 of the
remaining buildings were retrofitted to Division 88 requirements, 61 retrofitted with
tension ties only, and 703 were noncomplying (unretrofitted) buildings. Twelve
entries were duplicate addresses.

4. The interim RFI Database (1181 entries) was compared with the Division 88
Database to identify which buildings were found on both lists. The preliminary sort
yielded 801 buildings matching the Division 88 list and 380 which did not.
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The 380 buildings which did not match the Division 88 list were examined
individually to determine if a cause could be identified—typically an error in address
or the building was included in an address range given in the Division 88 list. The
final match list contained 852 buildings. The remaining 329 were removed from the
study database because they could not be verified as URM bearing wall construction
nor identified as retrofitted.

Dimensional data (plan length and width) in the interim RFI Database was correlated
with the Division 88 Database. Obvious errors in the RFI dataset were corrected and
missing data was added.

The database was geocoded to assign a latitude and longitude to each building site
using the MaplInfo Professional geographical database analysis program.

Ground shaking contours representing MMI, peak ground acceleration, peak ground
velocity and spectral acceleration at periods of 0.3 seconds and 1.0 seconds were
overlain with the geocoded building database. The corresponding ground motion
value was added to the data for each building record.

As anticipated, the extensive number of different inspectors required for this effort,
their varied experience, and the circumstances under which the data was obtained
resulted in some inconsistent entries. Consequently, the RFI Database was reviewed
to determine if damage reported in the structural damage description fields was
similarly reported in the “Hazardous Structural Elements” fields. We identified
inconsistencies in the records for approximately 10 percent of the inventory.
However, it was impossible to verify these inconsistencies as actual errors.
Nevertheless, this effort allowed a generally favorable impression of the accuracy and
completeness of the data to be made.

The RFI Database is described in detail in Section A.6. It is presented as an Excel
workbook with three worksheets: RFIR—the reduced first inspection retrofitted
database with 751 retrofitted buildings, RFIU—the reduced first inspection
unretrofitted database with 93 unretrofitted buildings, and TENSION TIE—a database
with 8 tension-tie-only buildings.

Because they had not been inspected, the damage to the balance of the retrofitted
buildings is not known, but it is likely that damage is minor or nonexistent in most
cases. Except for the limited parameter studies described later, these uninspected
retrofitted buildings were assumed to be undamaged.

Reinspection Database

Following the initial inspection, a “blue form,” also known as the “Disaster Re-Inspection
Form G4GRI” was issued for each of the original 1240 buildings in the First Inspection
Database (Figure A-5). The majority of these inspection forms were completed by
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Table A-2: Fields in the EQ1-94 Database

1 Record Number 14 | Estimated Number of Units
Vacated L

2 | Street Number 15 | Estimated Percent of Damage

3 Street Fraction-Begin 16 | Estimated Repair Cost

4 Street Range 17 | Vacate Building

5 Street Fraction-End 18 | Permit Required

6 Street Direction Street Name 19 | Building Posting

7 Street Type 20 | Number of Stories

8 Unit Number 21 Construction Type (Per City of

Los Angeles Building Code)

9 Council District 22 | Earthquake Division

10 | Damage Type (EQ, FIRE, 23 | Approximate Building Size (Width
FLOOD, etc.) x Length)

11 Building Use (Residential, 24 | Zip Code
Commercial, Mixed

12 | Occupancy 25 | Year Built

13 | Estimated Total Dwelling Units

Table A-3: Fields in the Division 88 Database
‘Field | Item - | Field | Item

1 Division 88 List Number 13 | Alt 1 Permit Compliance Date

2 Street Address 14 | Alt 1 Complete Compliance Date

3 City 15 | Anc 1 Permit Compliance Date

4 Class Code 16 | Anc 1 Complete Compliance Date

5 Date Original Notice to Comply 17 | Anc 2 Permit Compliance Date -
Sent

6 Affidavit Recording Date 18 | Anc 2 Complete Compliance Date

7 Council District 19 | Date Building Found Vacant

8 Building Number 20 | Year Constructed

9 Number of Buildings 21 Essential Facility

10 | Number of Stories 22 | Historic Building

11 Building Width at Street 23 | Date of Demolition

12 | Building Depth 24 | Exempt Building Data

inspectors in the Earthquake Safety Division, most with experience in URM construction.
Database fields which are in any way related to this study are shown in Table A-5. This
Reinspection Database mostly contains information pertinent to the evaluation,
inspection, and permitting process. Detailed damage descriptions were reviewed.
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Table A-4: Fields in the Reduced First Inspection Retrofitted Database

1 Record Number 33 | Parapets/Omamentation _

2 | Street Number 34 | Cladding/Glazing )

3 Street Fraction-Begin 35 Ceiling/Light Fixtures

4 Street Range 36 | Interior Walls/Partitions

5 Street Fraction-End 37 Elevators

6 Street Direction Street Name 38 Stairs/Exits

7 Street Type 39 Chimney

8 Unit Number 40 | Masonry Walls

9 Council District 41 Electrical

10 Disaster Type (EQ, FIRE, 42 Gas

FLOOD)

11 Corner Address 43 | Piping

12 | Owner 44 | Water/Waste Plumbing

13 Manager 45 HVAC

14 | Number of Stories 46 Other

15 Number of Units 47 Geotechnical Hazards

16 Basement 48 Ground Movement

17 Construction Type (Per City of 49 Slope Failure

Los Angeles Building Code)

18 Length 50 | Class of Slide

19 | Width 51 Retaining Wall Failure

20 | Structure Hazardous Overall 52 | Debris/Mud Flow

21 Collapsed 53 Other

22 | Leaning 54 | Damage Description

23 Hazardous Structural Elements 55 Damage Types

24 | Collapse/Partial Collapse 56 | Vacate Total .

25 | Building/Story Leaning 57 | Vacate Partial

26 | Foundations 58 Estimated Number of Units
Vacated

27 Roof/Floor Vertical Loads 59 | Estimated Percent of Damage

28 | Column/Pilaster/Corbels 60 | Estimated Repair Cost

29 | Diaphragms/Horizontal Bracing 61 Permit Required

30 | Walls Vertical Bracing 62 | Recommendations (No Further
Action, Structural, Geotechnical,
Barricades, Disconnect Ultilities)

31 Other 63 | Inspector ID

32 | Hazardous Nonstructural Elements
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Table A-5: Fields in the Reinspection Database

_Field | Item Ite
1 Record Number 30 Interior Walls/Partitions
2 Address Change 31 Elevators
3 Street Fraction-Begin 32 Stairs/Exits = )
4 Street Range 33 Chimney
5 Street Fraction-End 34 Masonry Walls
6 Street Direction Street Name 35 Electrical
7 Street Type 36 Gas
8 Unit Number 37 Piping
9 Council District 38 Water/Waste Plumbing
10 Address Comments 39 HVAC
11 Building Use (Residential, 40 Other
Commercial, Mixed
12 Occupancy 41 Geotechnical Hazards
13 Estimated Total Dwelling Units 42 Ground Movement
14 Construction Type (Per City of Los 43 Slope Failure
Angeles Building Code)
15 Overall Condition (No Damage, 44 Class of Slide
Under Repair, Repairs Complete,
Demolished, Site Cleared of Debris,
No Work Started, Fenced)
16 Habitability (Occupied, Vacant, 45 Retaining Wall Failure
Uninhabitable) '
17 Structural Hazards 46 Debris/Mud Flow
18 Collapse/Partial Collapse 47 Water Damage
19 Building/Story Leaning 48 Hazardous Materials
20 Foundations 49 Paint
21 Roof/Floor Vertical Loads 50 Asbestos
22 Column/Pilaster/Corbels 51 Explosives
23 Diaphragms/Horizontal Bracing 52 Gas Cylinders
24 Walls Vertical Bracing 53 Chemicals “
25 Other 54 Other i
26 Nonstructural Hazards 55 Estimated Number of Units Vacated
27 Parapets/Ormamentation 56 Estimated Percent of Damage
28 Cladding/Glazing 57 Estimated Repair Cost
29 Ceiling/Light Fixtures 58 Description of Damage
Inspection Log Database

All inspection and repair activity for each building was also tracked by the LADBS in the
Inspection Log Database. The fields of this database which are of interest to this study
are the posting history and estimated damage history. Damage estimates made during the
first inspection were based on limited observations; in some cases the interior of the
structure was not accessed. Revised inspection reports, which include the revised damage
estimates and reinspection dates, were filed after each reinspection. Examination of the
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inspection chronology indicates that the elapsed time between inspections varies widely,
complicating the selection of the damage estimate which most accurately represents the
condition of the building immediately after the earthquake. The greater the length of
elapsed time between reinspections, the more likely repairs had been initiated—lowering
and thereby invalidating the original damage estimate. However, some damage
reinspections, conducted within several days of the earthquake revised the estimated
damage upward.

The revised damage estimate data was sorted to determine the effect of the damage
revisions on the database. Of the 751 retrofitted buildings, 115 buildings had their
original damage estimates revised upward and 336 downward; the remaining 300 did not
change. The average percentage of damage for the 115 upward revisions increased from
6% to 19% whereas the average percentage of damage for the 336 downward revisions
decreased from 11% to 2%. Since there is no consistent way to create a revised “first
inspection” damage estimate which will not bias the data, the initial and re-inspection
data are evaluated separately. The overall inventory is compared in Figure A-6. 1t is
apparent from this figure that the reinspection damage estimates are biased towards lower
damage. Assignment to ATC-13 (1985) damage state was made per the groupings in
Table A-7. Further, the average percentage of damage decreases from 7.9% for the first
inspection data to 5.3% for the reinspected data.
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350 + W First Inspection

B Reinspection

300 T

250 1

200 1

Count

150 1

100

None
Slight ™
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Figure A-6: Comparison of ATC-13 Damage State for First Inspection Damage
Estimate and Reinspection Damage
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Finally, by comparison, of the 751 buildings in the RFI Database, there were 66 red tags,
168 yellow tags, and 482 green tags. The remaining 35 did not receive a posting. In the
reinspection dataset, there were 48 red tags, 137 yellow tags, and 541 green tags. The
remaining 25 did not receive a posting. The first inspection posting and first reinspection
posting are compared in Figure A-7(a). ATC-13 (1985) damage states are compared in
Figure A-7(b).

Ground Motion Data

As described above, the primary goal of this task is to investigate damage to retrofitted
URM bearing wall buildings, correlate it with different ground motion parameters, and
attempt to relate general damage and element-specific damage with ground motion to
show which building elements are the most vulnerable and at what level of shaking they
begin to fail. Four organizations collected the bulk of the ground motion data used for
this task: (1) the California Division of Mines and Geology Strong Motion
Instrumentation Program (CSMIP), (2) the U.S. Geological Survey National Strong
Motion Program (USGS), (3) the University of Southern California Los Angeles Strong
Motion Accelerograph Network (USC), and (4) the Los Angeles Department of Water
and Power System Strong Motion Network (LADWP).

The epicenter of the main shock of the Northridge Earthquake was centered about one
kilometer south-southwest of Northridge and 32 km west-northwest of downtown Los
Angeles (the heart of the building inventory used in this task) at a focal depth of 19 km.
The earthquake occurred on a south-southwest dipping thrust ramp below the San
Fernando Valley, with a moment magnitude was estimated to be M,, = 6.7 (EERI, 1995).
SAC (1995a) developed grid points which were intended to be used for smoothed contour
maps of the maximum horizontal components of peak ground acceleration (PGA), peak
ground velocity (PGV), and spectral acceleration (S,). These grid points were used by
Risk Management Solutions of Menlo Park, California to create the smoothed contour
maps used in this study. In addition, an isoseismal map of Modified Mercalli Intensity
(MMI) was developed by Dewey, et al. (1995). Each of these contour maps was
converted into MapInfo format so that individual buildings could be assigned discrete
values of PGA, PGV, S,, and MMI. The relationship between each of these contour maps
and our study inventory are described below.

Peak Ground Acceleration: The PGA contour map, overlain by the total retrofitted URM
inventory is shown in Figure A-8. This map indicates that maximum horizontal
accelerations exceeding 0.4g were restricted to the northwestern portion of the City of
Los Angeles, nearest the epicenter. The seismic accelerations attenuate rapidly as they
move southeast towards downtown Los Angeles, where accelerations of 0.15g to 0.25¢g
are most common. The bar graph accompanying the figure shows the inventory count
versus the PGA contour. Unfortunately, the building inventory was not particularly well-
distributed across the contours; 93 percent of the total building inventory had a PGA of
0.30g or lower. A breakdown of the total retrofitted inventory (5682 Division 88
buildings) and inspected inventory (751 buildings) falling within four PGA bands 0.1g or
less, 0.1g to 0.2g, 0.2g to 0.3g, 0.3g to 0.4g, and over 0.4g are shown in Table A-6. Little
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data was available for retrofitted buildings in areas of high ground shaking; thus, drawing
conclusions about performance expected in high earthquake zones was compromised.
Not only were the buildings not dlspersed homogeneously across the various PGA
contours, but greater percentages of inspected buildings were located in the high ground
shaking areas. Thus, the inspected inventory is biased in comparison to the total

inventory.

Peak Ground Velocity: The PGV contours, overlain by the total retrofited URM
inventory, are shown in Figure A-9. The geographical distribution of PGV was very
similar to PGA. Figure A-9 indicates that maximum horizontal velocities exceeding 25-
30 cm/sec were restricted to the northwestern portion of the City of Los Angeles, nearest
the epicenter Downtown Los Angeles was typically subjected to peak ground velocities
between 10 and 20 cm/sec. The bar graph accompanying the figure shows the inventory
count versus the PGV contour. Again, the building inventory is not particularly well-
distributed across the contours; over 96 percent of the buildings experienced a PGV of 25
cm/sec or less.

Spectral Acceleration: Contour maps of spectral accelerations computed at periods of 0.3
seconds and 1.0 seconds were selected for this study, as these periods very roughly
correspond to common periods of URM walls and diaphragms, respectively. These
contours, overlain with the building inventory are shown in Figures A-10 and A-11,
respectively.

Modified Mercalli Intensity: The intensity of an earthquake at a location is a number that
characterizes the severity of ground shaking at that location by considering the effects of
the shaking on people, on man-made structures, and on the landscape. Intensities have
for many decades been based on the Modified Mercalli Intensity Scale of 1931 (Wood
and Neumann, 1931). The derivation of the scale relies heavily on direct building
damage observations, particularly for intensities greater that V. Some of the criteria
given in the original 1931 work which describe human reactions or effects resulting from
ground failure are no longer given significant influence in the assigning of intensity
values (Stover and Coffman, 1993).

A map of isoseismal lines and point observations of Modified Mercalli Intensity (MMI)
was developed by Dewey, et al. (1995). A detailed explanation of the creation of this
map is contained therein. MMI contours, overlain by the retrofitted URM inventory, are
shown in Figure A-12. The bulk of the inventory is in the moderate intensity (VII)
contour. Intensity VII is bounded by Glendale to the northeast, Torrance and Compton to
the south, and extends as far west as Fillmore. Reports of IX were limited to the
immediate vicinity of the epicenter and to isolated pockets in the San Fernando and Santa
Clarita Valleys, Santa Monica, and south-central Los Angeles.

This MMI contour map, however, is not as useful as the other ground motion data used in
this task because MMI maps are created, for the most part, from observations of damage
to structures. Consequently, it can be argued that the MMI data cannot be used to
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Table A-6: Percent of Inventory in Each PGA Range

Less than 0.1g 2.3 0.4
0.1gto 0.2g 15.7 8.6
0.2gt00.3g 74.7 784
0.3gto0.4g 52 8.9
Over 0.4g 22 3.7

correlate ground shaking with general and/or element-specific damage because any
conclusions would be self-fulfilling—MMI is determined by the existence of certain
types of damage (URM buildings in particular) so observations of specific damage types
are, necessarily, expected in the given MMI. Further, in some locations, the positions of
isoseismals were determined from the distribution of red- and yellow-tagged buildings
(Dewey, et al., 1995). Nevertheless, these contours are useful for comparing the actual
damage to the damage predictions made in the literature.

Comparison of Ground Motion Parameters: Comparing and contrasting the spectral
acceleration contours, S;(0.3) and S,(1.0) with each other and with the MMI, PGA, and
PGV contours leads to the following observations:

* The contours of PGA, PGV, and S,(0.3) are geographically similar (Figure A-13).

* The central contour (bull’s-eye) of the S,(0.3) map aligns with the PGA and PGV
central contours.

o The central contour of the S,(1.0) map is shifted southeast from the center contours of
the others. -

¢ S,(1.0) and PGV values attenuate more quickly than either PGA or S,(0.3).

¢ The spatial distribution of the total retrofitted inventory over the ground motion
contours is similar; most of the inventory falls within a narrow band of low/moderate
ground motion intensity.

» The central contours of the PGA, PGV, S,(0.3) and S,(1.0) maps do not intersect the
MMI IX contour.

Analysis of the Damage

Character and Limitations of the Dataset

The study inventory is, fortuitously, somewhat homogeﬁeous——general characteristics,
attributes, and vintages are similar. Most of the URM buildings in the study database, for
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