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ON THE PREDICTION OF BUILDING DAMAGE FROM GROUND MOTION

John A. Blume
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ABSTRACT

In the planning of a nuclear event it is essential to consider the effects of
the expected ground motion on all exposed buildings and other structures.
There are various steps and procedures in this process which generally increase
in scope and refinement as the prepsirations advance. Initial, rough estimates,
based upon rules-of-thumb and preliminary predictions of ground motion and
structural response, may be adequate to show general feasibility of the project.
Subsequent work is done in both the field and analysis phases, to estimate the
total structure exposure, to isolate special hazards, and to make damage cost
estimates. Finally, specific analyses are made of special buildings or struc-
tures to identify safety problems and to make recommendations for safety
measures during the proposed event. Because the ground motion and the struc-
tural response both involve many random variables and therefore some uncertain-
ties in prediction, the probabilistic aspects must be considered, both on a
broad statistical basis and for specific safety considerations. Decisions must
be made as to the acceptability or non-acceptability of the risks and any indi-
cated procedures before and during the event to reduce or to eliminate the
risks.

The paper discusses various techniques involved in these operations including
the Spectral Matrix Method of damage prediction, the Threshold Evaluation Scale
for specific building analysis, and the inelastic and probabilistic aspects of
the problem.

INTRODUCTION

In order for a new field of effort such as engineering with nuclear explosives
to progress, it is essential that satisfactory predictions be made of the
various effects. In recent years it has become clear that the prediction of
structural response to ground motion is a very important -- and often
controlling — factor not only for safety but in overall planning and feasi-
bility determinations of proposed nuclear events.

Very important decisions may have to be made on the basis of structural
response predictions. These decisions include yield limitations, safety
precautions, evacuation of persons, and the effects of these factors and
damage costs on the economic and technical feasibility of a project. In view
of the importance of these predictions it is essential that they be reliable,
not be unduly conservative, and that the probabilities of possible variations
be provided in addition to the mean prediction. Conservatism should be
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reserved for the decision making stages, and not be injected all along the -way
and thus unduly limit or restrict a proposed project.

In the development of reliable prediction techniques it is important not only
to obtain, analyze and document empirical data but to fully recognize its
limitations and conditions so that it will not be applied where it should not
be. Moreover, it is basic that theory be developed, tested, reconciled with
reliable data, and used to recognize and to evaluate important parameters. It
is also important to recognize random variables in the problem and to develop
reliable probabilistic models of the important parameters.

Many disciplines are involved in the detailed study and prediction of building
response to ground motion. These include dynamics, structural engineering,
earthquake engineering, architectural engineering, soil mechanics, engineering
geology, mechanics, mathematics, statistics and probability theory, and a sound
knowledge of how real buildings are designed, are constructed, and respond to
ground motion. Of course, the ground motion per se involves disciplines such
as seismology, geophysics, mechanics, and mathematics.

There is not time in this short presentation to cover the various prediction
techniques in detail. Instead, a broad overview will be provided with general
descriptions and discussion of how and where the methods would be applied.
Detailed papers are being developed and will be published as soon as feasible
and as data become available.

BACKGROUND

There are many prediction techniques, some of which are relatively new and some
of which are still being developed or improved. John A. Blume & Associates
Research Division, under contract to the United States Atomic Energy Commission,
Nevada Operations Office (USAEC-NVOO), has not only been providing actual pre-
dictions for test-site and off test-site events, but has been compiling and
analyzing data and developing techniques for improved reliability and
efficiency. Only recently, however, has there been enough real damage to pro-
vide some of the data points needed and to test the methods in service. More
data is needed as is more time for detailed analysis. However, the results
thus far are encouraging.

The field of effort has suffered from lack of extensive data on real damage,
from the use of various rules-of-thumb and empirical constants without identi-
fication of important parameters, and from oversimplification of a complex
subject. For example, the use of peak particle ground acceleration, velocity,
or displacement without identification of the frequency content relative to
that of the structures has been common in blasting, in early nuclear explosive
engineering, and in some phases of earthquake engineering. This can lead to
erroneous results and is not recommended for nuclear engineering except as a
tentative, initial approach to a problem, or on a very broad statistical basis.
A few early experiments in the blasting field have led to extensive use of
limited data sometimes without adequate regard to the type or condition of the
structures, the type or condition of the soil, of the frequency of the ground
motion, or of the dynamic characteristics and strengths of the buildings. With
these very important parameters neglected, the results can only be very doubtful
when applied to specific areas. The damage resistance of low buildings, for
example, may vary from essentially nothing (if other damaging processes are
already on hand) to acceleration values of one g or more.
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The response spectrum is valuable in damage studies and predictions in that it
defines the ground motion as it would affect idealized oscillators of various
natural periods and damping ratios. It is thus of much greater significance
insofar as response and damage are concerned than the peak ground motion per se.
The response spectrum has been used in certain areas of earthquake engineering
for some time, and as part of the USAEC-NVOO structural response program since
early 1965* A spectrum is developed by mathematically subjecting an idealized
one-degree-of-freedom oscillator of a particular period and damping to the
entire time history of recorded ground motion in the component under consider-
ation. The maximum response, in terms of acceleration, velocity, or displace-
ment is plotted against the natural period. By repeating the above computation
for a whole array of oscillator periods using the same damping ratio, enough
points of maximum response are obtained to plot the response spectrum. The
whole process can be repeated for other damping values and a family of curves
can be constructed. Figure 1 shows such plots for acceleration, relative
velocity, and relative displacement. Figure 2 shows another useful device
wherein the plotting is done on U-way logarithmic paper. In such plotting
there is the generally acceptable assumption that the response is harmonic or
sinusoidal in nature so that the acceleration, velocity, and displacement are
simply related, as follows:

S&g = u, S^ = u)2Sd (1)

'D = f (2)
wherein S = spectral value of the absolute acceleration of

a the oscillator mass, fraction of gravity

S = spectral value of the oscillator mass velocity
relative to the ground, cm/sec

S, = spectral lvalue of the oscillator mass displacement
relative to the ground, cm

fi) = the angular velocity of the oscillator, radians
per second

T = the natural period of the oscillator, seconds

g = acceleration of gravity, taken as 981 cm/sec

In Figures 1 and 2 the accelerations are generally greater in the short period
range, the relative velocities in the middle period range, and the relative
displacements in the long period range. It may be seen that the structures are
sensitive to not only peak spectral response but to period. However, equation
(l) provides a simple relationship under which acceleration, velocity, or dis-
placement may be used interchangeably. The short period response acceleration
approaches the maximum ground acceleration, and the long period response dis-
placement approaches the maximum ground displacement.

The kinetic energy input to a vibrating system may be related to the square of
the pseudo relative velocity. If the response is elastic the energy is stored,
but if inelastic response occurs, some of the energy does work in the system
and is thus not returned. Spectral response velocity squared is therefore a
useful index.

It is obvious that spectral response is more meaningful in response than peak
particle motion. Fourier spectra are also useful, but generally the response
spectrum is satisfactory and somewhat simpler in use for most response purposes,
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However, there are vast differences "between the idealized oscillator of the
spectrum and real buildings. Many of these have been discussed in some of our
AEC reports. (l)(2)

Recent papers (3)(^) have shown the use of pseudo absolute acceleration, PSAA,
as an index in estimating the number of damage complaints. It should be noted
that Sa(which is the same as PSAA) has been used in the USAEC-NVOO structural
response program for many years. The results -- although better than those
obtained by using peak particle motion — are not expected to be reliable for
specific damage predictions unless related to the natural periods of the
buildings under consideration. If the buildings happen to all be in the short
period range where Sa tends to peak., spectral acceleration may be a good index.
However, this does not preclude the use of Sv or even S^ for convenience if
proper adjustments are made as in the above equations.

There has been some expression recently that the spectral response diagram may
not always be a good indicator of damage. (5) This is largely based on the
fact that there was little or no damage from local sharp earthquake motion and
high spectral response values close to the moving fault in the Parkfield earth-
quake of 1966 and the assumption that buildings have only Uniform Building Code
minimum values. Our studies have clearly shown in this program (6) and else-
where (7) that many low buildings have much greater resistance to ground motion
than the building codes require. The real resistance may be many times that
specified, usually because of the building geometry and the use of strong walls.
In addition, it is often the case that the spectral peaks do not occur at
natural building periods. The spectral response diagram is thus a generally
good, simple indicator of damage onset when all the parameters are considered.
The degree of damage is better approached with inelastic reserve energy
analyses which are included as part of the Spectral Matrix Method of damage
prediction and in the Reserve Energy Technique. (8)

It has been our experience that there may be poor correlation between the
number of damage complaints and the extent of real damage. The number of com-
plaints is not only some function of motion intensity but also of the condition
of the buildings and their foundation materials, latent potentially damaging
conditions of many possible types as for example shrinkage stress, and of pub-
licity before and after the shot. The real ground-motion induced damage is a
function of motion intensity as most simply defined by spectral response, but
it bears no relationship to publicity, and only very nebulous and complex
relationships to the twenty or more latent conditions that may exist.
Objective complaint investigations may clearly show the damage to be from old,
pre-existing conditions. It must not be overlooked, however, that investi-
gations cost money even where the complaint lacks validity.

The methods being used for specific response and damage predictions in the
USAEC-NVOO structural response program include:

Peak Values - for early reconnaissance only

Extrapolated Motion - for general information

Judgment Estimate - as a part of survey procedure

Spectral Matrix Method (SMM) - for damage estimation over large areas

Threshold Evaluation Scale (TES) - for safety investigation of large or
key buildings

Reserve Energy Technique (RET) - investigation of special risk build-
ings in the inelastic range

Time History Analysis - special studies where time history of
ground motion is available
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Not all methods are needed for each event. Generally, only the Judgment
Estimate and the SMM results are reported on a routine basis. Any significant
difference in results between these two methods is investigated to improve
knowledge and values of constants for building capacities. After an event the
SMM procedure may be redone, using the actual response spectra rather than pre-
dicted response spectra, in order to compare the results to any actual damage
and to improve data on real building capacities.

In all cases, pre-event field surveys are conducted to obtain data on the
number, types, sizes and values of buildings; on the soil conditions; and on
the condition of the buildings. Any special risks or typical sample buildings
are examined again after the shot, and all complaints are investigated promptly,
carefully, and courteously.

A hrief, general description of these methods and procedures will be given.
For more details reference is made to published material and to material that
will be published as soon as feasible and adequate data become available.

PEAK VALUES

Peak values of predicted response spectra are useful as a guide for preliminary
reconnaissance purposes. They are much more useful than predicted peak hori-
zontal ground motion which may have to be used instead if predicted response
spectra are not available early in the investigation period. The spectral
response may be in terms of acceleration or velocity although acceleration is
generally used. For this purpose we have used a standardized damping value of
5<f> of critical.

Surveys are conducted in order to obtain information on the structures of
various types that fall within various spectral or ground motion values. These
surveys often start near the proposed surface zero and work outward. Use is
made of all available maps, assessment records, geologic maps, and any other
existing information that might be helpful in determining the number of struc-
tures of various types that exist within the area of the survey.

As the investigator makes this early reconnaissance, he looks for any struc-
tures that might be particularly vulnerable to ground motion because of poor
condition, location, or geometry. Experience is essential in this regard.

The objectives of preliminary reconnaissance are to make very rough estimates
of potential damage for a proposed yield, to discover any particularly vulner-
able structures or safety problems, and to obtain information essential for
the planning of more detailed surveys should the project go ahead.

Following are the values below which surveys have not been made or generally
should not be considered necessary, at least during the initial field effort.

Tall Buildings,
Stacks, etc.

Low Buildings of Long Period

Peak horizontal ground motion 0.01 g 0.001 g

Peak vector ground motion 0.02 g 0.002 g

5$ damped spectral acceleration,
S
a

0.02 g 0.003 g
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EXTRAPOLATED MOTION

In an area where building response has been measured under ground motion from
previous detonations, plots are made of the actual measured response, often
taken at the top level of a building, versus various parameters such as peak
horizontal ground motion in the direction under consideration, peak spectral
response or preferably spectral response at the period of the fundamental mode
of the building-component under consideration. Such plots can be extrapolated
by judgment, or preferably by a least squares computation procedure.

These plots are not only useful to provide predictions of particular building
motion for forthcoming events but they provide visual evidence of the variations
from the mean values. Such variations must, of course, be taken into account
when making predictions. Should the predicted motion appear to be in an amount
that would lead to damage, special analyses are indicated. It may be the case
that damage is not expected but the motion may be so severe that the Test
Manager should be notified for his consideration of special safety precautions.

Extrapolations are not feasible in a new area except by analogy to other areas
that may be applicable with some adjustments or normalizing of data. Obviously,
it is not prudent to extrapolate too far beyond the available information.

There may also be cases where the yield or the range has changed in such manner
that interpolation is possible. This, of course, can be done with greater
confidence than extrapolation.

Figure 3 shows a plot of actual motion for a Las Vegas highrise building. In
this case Sa is used as the index using the period of the fundamental mode of
the building. There is little deviation in this example, largely due to the
fact that this spectrum is developed from fairly close ground motion recordings.
For other buildings there may be considerable variation and, often, the maximum
top level acceleration is much greater than the spectral response, S_.

THE JUDGMENT ESTIMATE

Along with the more detailed field surveys that are essential when the planning
for a proposed event is advancing, engineers experienced with building
resistance to ground motion can make on-the-spot judgment determinations of
possible damage. To do this they must have in mind when inspecting a building
or other structure, the predicted spectral response for the period of the funda-
mental mode. An experienced investigator determines and notes the condition of
the building, any other apparent damaging processes, prior damage, any vulner-
able elements, the soil conditions, and he mentally forms a picture of what
would be expected to happen under the proposed ground motion. He may do this
in terms of percentage of total cost, as for example he may estimate that the
building is worth $20,000 and would suffer about 5$ or $1,000 worth of damage.
An alternate procedure is to visualize the type of damage such as cracked
plaster, etc., and to estimate the probable repair costs.

Sketches and photographs are desirable as part of this operation. It is
desirable to use suitable forms which not only lead to the orderly accumulation
of data but are constant reminders of the various items of information that
must be obtained in the field.
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The data thus obtained are assembled, coordinated, and analyzed in the office
and are combined to obtain a judgment estimate of the probable damage from the
proposed nuclear event. Since the judgment estimate is largely subjective, it
is not the only estimate made. It is used instead as a cross-check on the more
exotic methods and in improving knowledge of building performance and
characteristics.

THE SPECTRAL MATRIX METHOD (SMM)

The Spectral Matrix Method of damage estimation has been developed in the struc-
tural response program and is being improved as new data become available. It
is a comprehensive analytical procedure which includes several important factors
such as the estimated spectral response for the ground motion, the estimated
statistical variations of the ground motion, the estimated dollar values and
mean capacities of the various types of structures to resist ground motion, the
spectral variations of the mean capacities, the periods of the structures, the
soil conditions, and the inelastic characteristics of any structures that should
enter a damaging region of response.

The method is comprehensive, and is best suited to large geographical areas
which may have a multitude of estimated ground motions, building types, and
other conditions. It has been applied to nuclear events in Nevada, Colorado,
and elsewhere and has been used as a parameter study vehicle for proposed
interoceanic canal crossings for which damage has been estimated over the area
of an entire country. The Spectral Matrix Method is designed for computer
operation although for small areas it could be processed manually.

The matrix is superimposed on a V-way logarithmic spectral diagram such as that
in Figure 2, with 9 period bands, j. Spectral response velocity lines can be
used to define the rows of the matrix. The median expected spectral response
velocity, "S^ , is utilized together with the probable deviations from the
median value.

S = If Qy. (3)

in which S = the 5$-d&mped spectral velocity relative to the
j ground; cm/sec

If = the median value of S ; cm/sec
V V

J J
3 = the geometric standard deviation of S ;
^ dimensionless vj

y = the standardized normal variable having zero
mean and unit variance; dimensionless

j = a subscript denoting the period band

The buildings are divided into categories by types of construction and by esti-
mated fundamental period of vibration. The latter can in many cases be
determined as a simple function of the number of stories. A particular type of
building may in fact have a wide possible range of periods in which case this
would be accounted for by a period vector which would extend into two or more
period bands in the matrix. For convenience, the capacity of a building is
defined as its "yield point", or a point at which assumed linear response would
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become non-linear and cracking or other types of failure would commence. It is
recognized, however, that the start of damage, or the yield point, is by no
means, in most cases, the start of collapse. There are reserve capacities of
most buildings to develop the energy demands of the continuing ground motion by
doing work in cracking, yielding, etc. This too is taken care of in the
Spectral Matrix Method by use of one of several inelastic models designed to
represent the characteristics of the structure beyond the yield point.

The yield point capacity is a mean value and statistical variations and
uncertainties are expected to cause fluctuations from this value. These may
be modeled as any convenient probability distribution including the normal,
lognormal, etc. Adjustments are made for the properties of real buildings as
compared to simple oscillators.

There is a joint probability of any demand being associated with any capacity.
This is a joint probability of two independent random variables. If the demand
exceeds the capacity, damage starts. If the demand does not exceed the
capacity, there is no damage whatsoever. The amount of damage depends upon how
much the demand exceeds the capacity and the properties of the structures in
the inelastic range.

The final result desired is the amount of damage in dollars. This is obtained
as the product of the probability of exceeding the yield point, the total dollar
cost of the structure, and the computed ratio of damage cost to total cost.
The damage ratio is in turn a function of the inelastic properties and the
amount that demand exceeds capacity.

As a byproduct of the output, high damage ratios may be used as a guide to
safety recommendations. In other words, if damage should exceed a certain per-
cent, such as say 5$ or 10$ of the total value, there may be some possibility
of people in or near the structure being injured.

Figure k is a typical plot of estimated damage versus the probability of that
damage not being exceeded for a proposed event.

Although theory and the technique are well advanced, there is much more to be
learned about the capacities of various types of structures and about their
properties in the inelastic range. Special papers are being developed in order
to present the Spectral Matrix Method in detail and to provide estimates of
structural capacities.

THE THRESHOLD EVALUATION SCALE (TES)

Another tool used in the structural response program is the Threshold Evaluation
Scale (TES) procedure which provides a means of estimating the probability of
the response of a particular building crossing various thresholds of interest.
This method requires detailed knowledge about each building under consideration
as well as the probable ground motion demands on the structure. TES has been
developed in the structural response program as an aid in safety considerations.

Although the problems and the steps are similar regardless of the height or the
size of the building, and it is fully recognized that all buildings are
important, the highrise building problem is especially important because it may
be difficult and costly to control people in and near large buildings if a
relatively high probability of major damage were predicted. Moreover, tall
buildings often have less capacity for lateral forces than smaller buildings,
and they are more sensitive and responsive to ground motion resulting from
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distant releases of energy. Thus, the TES procedure is often restricted to
highrise building analysis.

Unfortunately, as in many such problems, the answers are not simply yes or no.
The subject involves random variables, statistical variations and other
problems. There is no absolute certainty about the ground motion, the building
characteristics, the response to the ground motion or the building capacities
at various thresholds. However, as more data become available or can be
reliably estimated, the probabilities can be evaluated.

There are many thresholds that may be considered in a complex highrise building.
It is essential either directly or implicitly to consider all of them. Some
thresholds are more important than others. For example, an upper level beam
overstressed in flexure is much less important than a lower story column over-
stressed in compression or in shear. A further consideration is redundancy in
framing with which a local overstress merely causes the transference of force
from an initial point to some other part of the structure, which part may offer
greater or more sustained resistance.

In order to make the TES procedure simple and more useful, many of the less
significant technical complications of structures and dynamics are omitted. It
is assumed for example that the lateral inertial force distribution on the
structure is in the general form of an inverted triangle. This condition is
often close to reality since the fundamental mode usually dominates the
response for energy releases at great distance, and the fundamental mode shape
of many tall buildings is often close to the form of an inverted triangle. The
base shear coefficient is used as a convenient and meaningful index or parame-
ter. However, it is adjusted for the most critical stress condition which may
exist anywhere in the building under the assumption of inverted-triangle force
distribution.

The output of the TES analysis for a particular building is the probability
under a proposed event of reaching various thresholds, such as the following:

Tl - the building code required base shear value, at code unit stresses

T2 - same as Tl except it is that value actually provided in the building

T3 - the point at which a minor or redundant member first reaches its
yield value

Tk - the yield level of an important horizontal member such as a girder
or beam

T5 - the yield level of an important vertical element such as a column
or a principal shear wall

T6 - the shear, compression, or other ultimate value of an important
vertical element such as a column or a principal shear wall

TT - the start of damage to non-structural materials or elements

It becomes a management decision as to what course to take given reliable esti-
mates of yield or damage probabilities. Naturally, the acceptable risk varies
with the seriousness of the consequences. Threshold T6, for example, would
constitute serious damage and should, have a much lower probability than say
threshold T3. Thresholds Tl and T2 are merely guidelines and in themselves
involve no damage. If a particular probability of a particular threshold
should not be acceptable, there are several decision possibilities including
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evacuate the "building or portion of the building adjacent to the critical member

at event time, strengthen the building, decrease the yield, change the shot

location, or cancel the shot. If a particular problem becomes critical, the

building may also be reanalyzed by even more rigorous methods. TES is valuable

in smoking out possible trouble spots.

THE RESERVE ENERGY TECHNIQUE

If a particular threshold such as T5 or Tβ in the TES procedure should present

an unacceptable probability of being reached, a more detailed analysis may be

conducted in the inelastic range in order to verify the results or to estimate

the consequences of the threshold crossing in more detail. The Reserve Energy

Technique (8) is ideal for this in that it takes into account energy absorption

as veil as strength, and provides information as to the mode and consequences

of various levels of damage and the hazard resulting from such damage.

A story shear-deformation diagram is developed for the critical story. This

takes into account all of the resisting materials and elements and the inelastic

as well as elastic range properties of each. Figure 5 shows some common types

of shear-deformation diagrams. It is necessary to know a great deal about a

building to plot a reliable diagram.

In applying RET to the nuclear response problem it is assumed that the kinetic

energy demand, KE, on a building above a certain level, z , is defined by

equation (k).

in which m. = the mass of story j

J

*

D.. = the velocity of mass j in mode i, which may in
1 J
 turn be related to S . (2)

i

The total kinetic energy is equal to the sum of heat energy, stored energy, and

work done, each in appropriate units. The heat energy may be represented by

the damping term used to obtain S
v
 , and the sum of stored energy and work done

by the sum of the integrals of the shear-deformation curves (for appropriate

deformations) of stories n to z. Obtaining the appropriate deformations for

the various stories involves consideration of the mode shape, the shear demands

on each story, and the resistance of the story. Generally, this is best done

by iteration. Often, only one or two stories may reach the inelastic range,

and will thus account for most of the work done.

The procedure is to solve for the S
v
 value which can be developed when various

points of interest are reached on the deformation scale of the shear-deformation

diagram, and then to obtain the probability of this S
v
 value being developed by

the ground motion. It may be necessary to consider alternate story shear-

deformation diagrams in order to explore the possible range of real structural

values in the story.

The output of the RET computation is the probability of reaching certain story

deformations in the inelastic range, the corresponding degree and type of

damage, and the risk to persons that may be associated with the damage. The

information is used in the decision making process as to the course of action

to be followed for the proposed event.
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TIME HISTORY ANALYSIS

Any procedure that involves the use of response spectra in estimating damage
includes some uncertainty as to modal combinations. However, for many situ-
ations, especially for highrise buildings some distance from the energy source
as in Las Vegas, the fundamental mode dominates (9) and this modal uncertainty
is of minor importance. An exact solution is entirely possible, with computer
aid, for a specific time history of ground motion and a reliable model of a
building. The entire response, at all levels, can be considered. The problem
is that complete time-histories of ground motion are only available after the
event and it is often extremely difficult to make an accurate model of a
complex, real building.

Progress is being made, however, in developing realistic artificial time-
histories of ground motion and in learning more about the properties of real
buildings. In the meantime, time-history analysis is a valuable aid in
research and in learning more about building properties.

ENGINEERING INTENSITY SCALE

An engineering intensity scale has recently been proposed. (lO) It is a by-
product of the structural response program, and provides an objective scale
for the intensity of ground motion from any cause. It is based upon spectral
response. It is believed that as more data become available, this scale will
be very useful in the damage estimation problem. It will be possible, on a
broad statistical basis, to correlate damage and lack of damage with spectral
response in various period bands for various classes and types of buildings.

CONCLUSION

There are several techniques and procedures being used and being developed to
predict building damage, or lack of damage, from ground motion. These include
exotic methods with dynamic analysis and which require computer aid. Allowance
is made for the frequency content of the motion and for the fact that the
ground motion, the structural-dynamic characteristics, and the response are
random variables with probabilistic variations. The selection of methods
depends upon the particular problem at hand, and may advance into the more
detailed operations only as the apparent risk indicates. Considerable confi-
dence in damage prediction is possible today and it is expected to improve as
more data on real building properties become available.
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