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ABSTRACT

New postearthquake building safety evaluation procedures have been
developed. The procedures cover inspection and safety assessment of the
principal types of building construction found in the U.S., including wood,
masonry, tilt-up, concrete, and steel frame structures. Guidelines are also
provided for appraising the structural safety significance of ground
movements resulting from geologic hazards and for the inspection of
nonstructural elements for falling and other hazards.

INTRODUCTION
After a damaging earthquake, there is a

need to inspect of buildings to assess damage and
determine if they are safe to occupy and use. The
Applied Technology Council recently completed a
project to develop procedures for postearthquake
building safety evaluation (Refs. 1 and 2). The
project, designated ATC-20, developed safety
evaluation methodology for the common types of
building construction found in the U.S. This is
briefly summarized here, with emphasis on its
application to DOE facilities.

The ATC-20 methodology is designed to be
used by building officials and structural
engineers in the assessment of conventional
building construction. Because of the great number
of structures to inspect and an anticipated shortage
of skilled manpower needed to make the
assessments in the immediate aftermath of a
damaging earthquake, the ATC-20 procedures call
for a coarse screening, designated the Rapid
Evaluation, followed, if necessary, by a thorough
visual examination, designated the Detailed
Evaluation, by structural engineers. In the event
that further evaluation is required, the owner must
hire a consultant and an Engineering Evaluation
must be performed. The evaluation techniques are
summarized in Table 1.

SEISMIC HAZARD AT DOE FACILITIES
DOE has a large inventory of structures at

many locations around the country. These range
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from material production reactors and high-
security plants and laboratories to conventional
office buildings, warehouses, and shops. As can be
seen from Table 2, a number of DOE sites have
high seismic exposures. Motions in the 0.10 to
0.20g range and above are normally damaging to
conventional construction. Sites with high
exposure, as well as critical facilities at sites with
lower exposure, need plans for postearthquake
inspections.

KNOWN HAZARDOUS FORMS OF
CONSTRUCTION

Based on past earthquake performance,
both in the U.S. and abroad, certain types of
building construction have had a poor record.
Given below is a brief list of some of the most
hazardous categories:

Unreinforced masonry (URM)
Nonductile concrete frames
Early tilt-up buildings
Early precast structures
Concrete frame with URM infill walls
Concrete frames with soft stories

In making postevent inspections, knowledge of
past performance characteristics of the type of
building under consideration can be extremely
useful.
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TABLE 1

ATC-20 Building Evaluation Techniques

Technique

Rapid
Evaluation

Detailed
Evaluation

Engineering
Evaluation

Required
Personnel

Building
inspectors

Civil/structural
engineers

Architects

Structural
engineers

Structural
engineering
consultant

Objective

Rapid assessment of safety. Used to
quickly post obviously unsafe and
apparently safe structures, and to identify
buildings requiring a Detailed Evaluation.

Thorough visual evaluation of
damaged buildings and questionable
situations. Used to identify buildings
requiring an Engineering Evaluation.

Detailed engineering investigation
of damaged buildings, involving use of
construction drawings, damage data and
new structural calculations.

Example Time
per Building

10-20
minutes

1-4
hours

1-7
days

or more

TABLE 2

Seismic Hazard at DOE Facilities (Ref. 3)

Site

Bendix
Los Alamos
Mound
Pantex
Rocky Flats
Sandia/Albuquerque
Sandia/Livermore
Pinellas
Argon n,e/East
Argonne/West
Brookhaven
Princeton
INEL

500 yr.
event

• 08g
.18
.12
.08
.13
.17
.41
.04
.10
.12
.12
.13
.10

Site

FMPC
Oak Ridge
Paducah
Portsmouth
Nevada Test Site
Han ford
LBL
LLNL
LLNL, Site 300-854
LLNL, Site 300 -834/836
ETEC
SLAC
Savannah River

500 yr
event

• 10g
.15
.33
.08
.21
.09
.55
.41
.32
.28
.53
.45
.08
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OVERVIEW OF ATC-20 METHODOLOGY
There are three safety-evaluation

procedures within the ATC-20 methodology:

1. Rapid Evaluation
2. Detailed Evaluation
3. Engineering Evaluation

Each of these is used for a specific purpose and
must be carried out by qualified individuals (see
Table 1). The safety evaluation procedure for
ordinary buildings is shown diagramatically in
Figure 1. This figure details the usual sequence of
damage assessment and posting.

After undergoing safety-evaluation,
buildings are posted with placards as
INSPECTED, LIMITED ENTRY, or UNSAFE.
This is done to let owners, occupants, and the public
know whether buildings are safe for use. A
description of the posting classifications is given
in Table 3. There is also a special posting
category, AREA UNSAFE, used to designate
unsafe areas. These may be either inside or
outside a building. For instance, if a fall hazard is
observed, the area within potential striking
distance must be roped off or otherwise barricaded
to prevent entry.

The goal of safety evaluation is to
eventually post every building reviewed either
INSPECTED (i.e., safe) or UNSAFE. Buildings
posted UNSAFE will require repair or demolition.

RAPID EVALUATION
Rapid Evaluation is performed on a

building by evaluating it against six basic criteria
(Table 4). These are externally observable
conditions or items of damage that, individually
or collectively, are sufficient to warrant use of the
UNSAFE or, in the ca ;e of falling or other hazards,
the AREA UNSAFE posting category.

If a building is found to have none of the
conditions listed in Table 4, and no other hazard is
present, it is apparently safe and posted
INSPECTED. If the situation is doubtful and
requires more review, the building should be posted
LIMITED ENTRY and given a Detailed
Evaluation.

Because the Rapid Evaluation process is
designed to conserve anticipated limited
manpower resources, the damage assessments are
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necessarily coarse. Inspectors are to look for
readily observable, gross kinds of structural
distress, and geotechnical conditions, that threaten
building safety. Ordinarily, only the exterior of
the building is inspected unless there is a reported
or suspected problem. This is done primarily to
maximize the number of inspections in the
immediate postevent period. The entire procedure
is summarized in Table 5.

Examples of the use of Rapid Evaluation to
determine safety posting and barricading
requirements are given in Table 6. Significant
aftershocks will ordinarily require reinspection
and reposting.

DETAILED EVALUATION
This method is used to evaluate the safety of

damaged buildings and doubtful situations. It is
intended to be used to provide reasonable
assurance that a building, as well as elements of
the building that could cause falling hazards, are
sufficiently safe before it is put back into service.
Ideally, a Detailed Evaluation should be carried
out by a team of at least two structural engineers.
In the aftermath of a large quake, however, this
may not be possible. One alternative is the use of a
team consisting of a structural engineer and a
building inspector. At DOE facilities, the latter
may be a representative of the on-site facilities
staff.

Because this paper is a great simplification
of the ATC-20 methodology, the discussion
presented here is in summary form. Given below
are general damage evaluation guidelines. These
are applicable to common types of buildings. The
inspection guidelines given require the use of
judgment. In occasional instances, a different
action from that recommended may be warranted.

1. Overall Level of Damage. Examine for
severely racked walls, whole stories out of
plumb, leaning building, broken foundations,
and other massive distress.

Collapse or Partial Collapse UNSAFE

Building or Individual Story Noticeably
Leaning UNSAFE



Structure Identified
For Evaluation

RAPID EVALUATION

Apparently OK

Post
Inspected

Obviously Unsafe

Questionable

Post
Limited Entry

Post
Unsafe

DETAILED

Safe, but may need repairs.

Post
Inspected

EVALUATION |

Unsafe, must be repaired
or removed.

Questionable

Post
Limited Entry

Post
Unsafe

Safe, but needs

Post
Inspected

ENGINEERING

repairs.

EVALUATION

Unsafe, must
or removed.

be repaired

Post
Unsafe

Flowchart of normal building safety evaluation and posting process.

FIGURE 1
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Posting Classification

INSPECTED

LIMITED ENTRY

UNSAFE

AREA UNSAFE

TABLE 3

Building Safety Evaluation Classifications

Description

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

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

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

Designated area is unsafe. It must not be entered, except by
authorities.

TABLE 4

Rapid Evaluation Criteria

1. Building has collapsed, partially collapsed, or moved off its foundation.

2. Building or any story is s,Tiificantly out of plumb.

3. Obvious severe damage to primary structural members, severe racking of walls, or other signs of
severe distress.

4. Obvious parapet, chimney, or other falling hazard present.

5. Large fissures in ground, massive ground movement, or slope displacement present.

6. Other hazard present (e.g., toxic spill, radioactive contamination, broken gas line).
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TABLE 5

Rapid Evaluation Inspection Procedure

1. Examine the entire outside of the structure.

2. Examine the ground in the general area of the structure for fissures, bulged ground, or signs of slope
movement.

3. Ordinarily enter a building only when there is a suspected problem or when the structure cannot be
viewed sufficiently from the outside. Do not enter obviously unsafe structures.

4. Evaluate the structure using the six criteria (Table 4). Make sure exitways are clear.

5. Post the structure according to the results of the evaluation (e.g., UNSAFE), and place a placard at
every entrance to a building classified LIMITED ENTRY or UNSAFE.

6. Explain the significance of UNSAFE or LIMITED ENTRY postings to building occupants, and advise
them to leave immediately.

TABLE 6

Examples of Posting and Barricading

Condition Present Post

Buildings

* In danger of collapse UNSAFE
* In danger from collapse of

adjacent structure
* In danger from geotechnical

hazard (e.g., slope failure)
* Structurally safe, but other

hazard prevents its use
(e.g., toxic spill)

* Doubtful safety; further LIMITED ENTRY
evaluation required.

* No apparent hazard present INSPECTED

Other Hazards

* Falling hazard present AREA UNSAFE
* Ruptured gas line
* Downed power lines
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Building Off Foundation UNSAFE

Fractured Foundations UNSAFE

2. Vertical Load System. Inspect the vertical load
system. No structure must be allowed to
remain in service if there are any real doubts
about its ability to safely carry vertical loads.
Failure of the vertical load system either
globally (e.g., partial coUapse) or locally (e.g.,
buckled columns, failed corbel) is generally
considered grounds for posting the entire
structure unsafe.

Columns Noticeably out of Plumb UNSAFE

Buckled or Failed Columns UNSAFE

Roof or Floor Framing Separation fromWalls or
Other Vertical Supports UNSAFE

Bearing Wall, Pilaster, or Corbel Cracking That
Jeopardizes Vertical Support UNSAFE

Other Failure or Incipient Failure of Significant
Vertical-Load-Carrying Element UNSAFE

3. Lateral Load System. First identify and then
inspect the lateral-load-resisting system.
Broken X-bracing, severely cracked shear
walls, hinging and massive spalling in
concrete columns, badly damaged
diaphragms, and the like are strong evidence
that the lateral load system may not be viable.
Under these conditions, the structure should be
considered unsafe until shown otherwise.

Broken, Leaning, or Seriously Degraded Moment
Frames UNSAFE

Severely Cracked Shear Walls UNSAFE

Broken or Buckled Vertical Braces ....UNSAFE

Broken or Seriously Damaged Diaphragms or
Horizontal Bracing UNSAFE

Other Failure or Incipient Failure of Significant
Lateral-Load-Carrying Element UNSAFE

4. P-Delta Effects. For tall frame structures,
particularly high-rise buildings, any residual
story drift is generally quite serious, and any
frame structure showing a significant

residual drift in one or more stories should be
considered unsafe until shown otherwise.

Multistory Frame Building with Residual
Drift UNSAFE

5. Degradation of the Structural System.
Examine the structural system to determine if
its strength and stiffness have been reduced by
degradation. This is a particular concern for
concrete and masonry structures. Concrete
frames that experience cracking, spalling,
and local crushing of concrete may have their
overall strength greatly degraded even without
the presence of other failure symptoms (e.g.,
buckled or out-of-plumb columns, diaphragm
failure, etc.).

Seriously Degraded Structural
System UNSAFE

6. Falling Hazards. Examine parapets,
cladding, ornamentation, signs, joists and
beams ending on ledgers, interior partitions,
ceilings, and light fixtures for falling
hazards.

Falling Hazard AREA UNSAFE

7. Slope and Foundation Distress. Examine the
ground in the immediate area of the building
for evidence of mass ground displacements. If
foundation distress is observed or is suspected,
or if there are new 1-inch or wider cracks in the
foundation, or new differential settlements in
excess of 1-inch, or if there are fissures more
than several inches wide in the vicinity of
buildings, a geotechnical engineer or
engineering geologist should examine the site
and assist with the safety evaluation.
Geotechnical hazards may cover a large area.

Base of Building Pulled Apart or Differentially
Settled, with Fractured Foundations, Walls,
Floors, or Roof. UNSAFE

Building in Zone of Faulting or Suspected Major
Slope Movement UNSAFE

Building in Danger of Being Impacted by
Sliding or Falling Landslide Debris from
Upslope UNSAFE
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8- Other Hazards. Examine the structure for
unsafe conditions such as asbestos release,
broken fuel lines, chemical spills, etc.
Operability and safety concerns for fixed
equipment are given in Table 7.

Spill of Known or Suspected Dangerous
Materials , AREA UNSAFE

Figure 2 illustrates inspection points for
some of the building types found at DOE facilities.
It is suggested that the interested reader consult
Reference 1 for more detailed information and
guidance on inspecting and evaluating damaged
structures.

ENGINEERING EVALUATION
After a Detailed Evaluation, any further

evaluations would normally be done by a
structural engineering consultant retained by the
owner to prepare an Engineering Evaluation of the
structure. Such a study will typically include
detailed reconnaissance and mapping of the
damage, preparation of structural calculations,
and a quantitative assessment of the strength of the
damaged structure. It may also involve
preparation of plans for emergency repairs (e.g.,
shoring) to enable the structure to be placed back in
service during the immediate postevent period.

RECOMMENDED PRE-EV^N?1 ACTION
As part of the overall earthquake

preparedness program at DOE facilities, it is
desirable to have a pre-arrangement for an
engineering team to inspect the facility as soon as
possible after the event. Such an arrangement can
begin, after selection of a team, with a review of
structural drawings and available seismic design
calculations. This should be followed by a tour of
the facility so that a high degree of familiarity is
achieved. If the design team of record is available,
and in close proximity to the site, they would
generally make an excellent choice. On-site
facilities staff can also be trained to make
inspections.

Facilities with hazardous materials, high
security requirements, and other characteristics
which make them critical facilities should have
detailed, facility- specific inspection plans drawn
up in advance. Weaker parts of buildings and
those areas prone to damage and degradation can
often be identified through detailed seismic
evaluation, or alternately by a combination of
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drawing review and walk-down inspection. A
written inspection plan can be developed which
coordinates and relates a post-event inspection
with knowledge and insight gained from
individual building seismic studies and/or
inspections.

Essential facilities such as critical
material areas, high security areas, and security
and fire stations should be given Detailed
Evaluations by structural engineers as soon as
possible after the event.
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TABLE 7

Qperability and Safety Concerns for Fixed Equipment

Item

Main boilers

Chillers

Emergency generators

Fuel tanks

Battery racks

Fire pumps

On-site water storage

Communications equipment

Main transformers

Main electrical panels

Elevators (traction)

Other fixed equipment

Principal Concerns

Sliding, broken gas/fuel lines, broken exhaust lines,
broken/bent steam and relief lines

Sliding, loss of function, leaking refrigerant

Failed vibration isolation mounts; sliding; broken
fuel, signal, and power lines leading to loss of
function; broken exhaust lines

Sliding or overturning, leaks, broken fuel lines

Damaged rack, dislodged batteries, acid spill

Anchorage failure, misalignment between pump and
motor, broken piping

Tank or vessel rupture, pipe break

Sliding, overturning, or toppling leading to loss
of function

Sliding, oil leak, loss of function

Sliding or overturning, broken or damaged conduit
or electrical bus

Counterweights out of guide rails, cables out of sheaves,
dislodged equipment

Sliding or overturning leading to loss of function
(or damage to adjacent equipment)
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FIGURE 2
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