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ABSTRACT

The National Ignition Facility (NIF) is being built at the
Lawrence Livermore National Laboratory (LLNL) as an
international research center for inertial confinement fusion
(ICF).  This paper will provide an overview of NIF, review NIF
seismic criteria, and briefly discuss seismic analyses of NIF
optical support structures that have been performed by LLNL
and the Ralph M. Parsons Company, the Architect and
Engineer (A&E) for NIF.

The NIF seismic design and evaluation criteria is based on
provisions in DOE Standard 1020 (DOE-STD-1020), the
Uniform Building Code (UBC), and the LLNL Mechanical
Engineering Design Safety Standards (MEDSS).  Different
levels of seismic requirements apply to NIF structures, systems,
and components (SSCs) based on their function.  The highest
level of requirements are defined for optical support structures
and SSCs which could influence the performance of optical
support structures, while the minimum level of requirements are
Performance Category 2 (PC2) requirements in DOE-STD-
1020.  To demonstrate that the NIF seismic criteria is satisfied,
structural analyses have been performed by LLNL and Parsons
to evaluate the responses of optical support structures and
other SSCs to seismic-induced forces.

NIF SEISMIC CRITERIA

    Description of NIF   
After NIF becomes fully operational at LLNL in 2003, it will

be the largest ICF research facility in the world by creating
conditions of extremely high temperatures and pressures,
100,000,000 0C and 100 billion times atmospheric pressure.
ICF is the process of creating fusion in the laboratory using
short-pulse, high-energy lasers that are focused onto targets in
which the light energy implodes a small glass sphere, or
hohlraum, containing isotopes of hydrogen.  If the hydrogen
atoms in the target are compressed for a sufficiently long period
of time at the required temperature, helium atoms are formed
and significant amounts of energy can be released. The laser
energy delivered by a fully operational NIF, which is shown in
Figure 1, will exceed the capacity of the currently largest laser
system at LLNL, Nova, by about fifty times.  The primary NIF
missions are to achieve controlled thermonuclear fusion ignition
in the laboratory with modest gain and to support stockpile
stewardship, inertial fusion energy research, and high energy
physics research.

The NIF laser system features 192 high-power laser beams
which will produce 1.8 MJ of laser energy in the near-ultraviolet

spectral region (about 0.35 micron wavelength). NIF uses
neodymium-doped glass in a laser architecture that groups the
192 independent beamlines into 24 bundles of eight beamlines.
An one omega (1.05 micron) laser pulse is first generated in the
Master Oscillator Room and then travels by fiber optics to the
Optical Pulse Generation system that consists of 48
Preamplifier Modules and several other front-end components.
The pulse is injected into the main laser cavity at the pinhole
plane of the Transport Spatial Filter (TSF), travels through the
periscope into the cavity region of the main laser cavity where it
is amplified by the Main Amplifier and conditioned by the Cavity
Spatial Filter with a four-pass configuration. After the Plasma-
Electrode Pockels Cell changes state, the pulse travels back
through the periscope into the transport region of the main laser
cavity where it is amplified by the Power Amplifier and
conditioned by the TSF with a single-pass configuration.
Finally, the pulse travels through the switchyard and target bay
by reflecting off turning mirrors, is frequency converted to three
omega (0.35 micron) light by the potassium dihydrogen
phosphate crystals in the Final Optics Assembly, and is focused
onto the hohlraum that is held by the target positioner.

Figure 1  The National Ignition Facility

The light from the NIF beams will be tightly focused onto a
very small target that is filled with cryogenic fusion fuel and
located inside a 10-meter diameter spherical chamber.  When
NIF achieves ignition, the laser light will compress and heat the
fusion fuel to produce fusion reactions yielding up to 10 times
the laser energy delivered to the target.



Following the successful completion and DOE approval of
the Conceptual Design Report [1], the NIF Project was formally
initiated with a total project cost of $1.2 Billion.  It was planned
that about 75% of the project cost goes to U.S. industrial
partners for equipment and materials or design and construction
services. For example, the design and evaluation of the
conventional facility portions of NIF are being performed by the
NIF A&E, the Ralph M. Parsons Company, with support from
Albert C. Martin & Associates.  Several industrial partners, such
as Science Applications International Corporation, TRW, Inc.,
and CSA Consulting, are providing design and evaluation
expertise for numerous aspects of the project.  Since NIF is a
national research facility, a multi-laboratory team led by LLNL is
participating in the engineering design and evaluation of the
special equipment that will be used in NIF.  The multi-laboratory
team consists of LLNL, Los Alamos National Laboratory, Sandia
National Laboratory, and the University of Rochester Laboratory
for Laser Energetics.  While the system start-up of one bundle
of eight beams is planned for late 2001, all 192 beam lines are
planned to be operational by the end of 2003.

NIF has four main groups of SSCs:  a laser system with its
associated optical and diagnostic SSCs, the target area with its
associated optical and diagnostic SSCs, an environmentally
controlled building housing the laser system and target area,
and an integrated computer control system.  For structural
design purposes, these SSCs are considered as alignment-
sensitive and nonalignment-sensitive special equipment and
conventional facility equipment.  In general, the nonalignment-
sensitive SSCs protect and support the alignment-sensitive
SSCs.  Examples of nonalignment-sensitive SSCs include the
laser building, mechanical utilities, and the HVAC system.
Special equipment (SSCs) is typically for the laser system and
is being designed and evaluated by the multi-laboratory team,
while conventional facility equipment (SSCs) provides services
and environmental protection for the laser system and is being
designed and evaluated by the NIF A&E.

The alignment-sensitive special and conventional facility
equipment comprise the largest optic bench for ICF research.
As shown in Figure 1, the optic bench consists of the laser bay
foundations, the laser bay support structures, the switchyard
spaceframe, the target area building, and the target chamber.
Since ICF experiments with NIF will use a short pulse length of
about one to twenty nanoseconds, the alignment-sensitive
optical components in the NIF system must be aligned properly
and remain stable with that alignment in order to position the
beams on target as desired.  It is also important to accurately
align and center the beams in the laser system in order to
minimize losses due to beam clipping, to maximize the laser
performance at the target, to avoid diffraction patterns that
result from the bean interacting with hard apertures, and to
prevent laser-induced damage to hardware on the beam
perimeter.  Proper alignment of the NIF laser is accomplished
with precision alignment procedures, mechanical designs with
adequate adjustability, and stable optical support structures.

The stability budget is used to evaluate the performance of
NIF alignment-sensitive structures when they are subjected to
conditions that can cause drift.  Drift is defined as a change
during the alignment procedures before a shot in the position of
an optical element from an aligned position.  Conditions which
can cause drift include ambient vibration input, acoustical

excitations, wind fluctuations, and thermal transients.  The
flowdown in the stability budget results from Section 2.1.5 of the
NIF Functional Requirements and Primary Criteria [2] which
requires that “the (rms) deviation in the position of the centroids
of all beams from their specified aiming points shall not exceed
50 micrometers (µm) at the target plane or its equivalent”.  The
beam position on target is influenced by three major categories
of contributions.  First, there are multiple sources of input or
excitation, such as ambient vibration, acoustical excitation, and
wind fluctuations.  Second, there are multiple optical elements
contributing to the beam position on target and these elements
are on two separate foundation systems.  Finally, there are 192
independent beams which must satisfy the requirement for the
root-mean-square (rms) deviation of all the beams not
exceeding 50 microns.  In addition to meeting the stability
budget requirements, the alignment-sensitive structures must:
(1) maintain clean operations by supporting laser components
over 10 feet above the foundation in order to use a line-
replaceable-unit (LRU) concept and to maintain a downflow of
air past the components and (2) typically use conventional
materials and fabrication techniques in order to minimize costs.
With these constraints, the alignment-sensitive structures are
hybrid structures of reinforced concrete and steel as shown in
Figure 1.

    NIF Seismic Provisions   
NIF seismic design and evaluation provisions are based on

information in the NIF Functional Requirements and Primary
Criteria, DOE-STD-1020 [3], the UBC [4], the MEDSS [5] and
several NIF seismic criteria memos [6] [7].  Consistent with DOE
policy on the mitigation of natural phenomena hazards, a
graded approach is implemented for the seismic design and
evaluation of NIF SSCs.  The NIF Functional Requirements and
Primary Criteria specify a maximum recovery time from design
level seismic events of three months and dictate the use of PC2
seismic design and evaluation criteria, as a minimum.  An
evaluation of the DOE-STD-1020 seismic design criteria for
PC2 SSCs indicates consistency with the three month recovery
requirement.  Table 1 provides the qualitative seismic
performance characteristics or goals of PC2 SSCs as compared
to other DOE performance categories.

As discussed in DOE-STD-1020, PC2 SSCs have
performance goals of occupant safety and continued operation
with minimum interruption while meeting a seismic hazard
exceedance level of 1 x 10 -3.  The seismic design and
evaluation requirements for PC2 SSCs are based, in general,
on the UBC requirements for essential facilities (importance
factor of 1.25), such as hospitals or fire stations.  In comparison,
PC1 facilities are typical office buildings and PC4 facilities are
commercial nuclear power plants.  For alignment-sensitive
SSCs in NIF, the PC2 criteria is augmented with additional
dynamic analysis provisions and termed “PC2-A”.  For NIF
nonalignment sensitive SSCs, the PC2 criteria has additional
considerations of seismic anchor motion and the effects of the
nonalignment-sensitive SSCs on alignment-sensitive SSCs.



Table 1 Qualitative Seismic Performance Criteria [3]

PC Occupancy
Safety

Concrete Barrier Metal
Liner

Component
Functionality

Visible Damage

1 No structural
collapse, failure
of contents not
serious enough
to cause severe
injury or death,

or prevent
evacuation.

Confinement not
required.

Confinement not
required.

Component will
remain

anchored, but
no assurance it

will remain
functional or

easily
repairable.

Building
distortion will be

limited but
visible to the
naked eye.

2 No structural
collapse, failure
of contents not
serious enough
to cause severe
injury or death,

or prevent
evacuation.

Concrete walls
will remain
standing but

may be
extensively

cracked; they
may not
maintain
pressure

differential with
normal HVAC.
Cracks will still

provide a
tortuous path for
material release.

Don’t expect
largest cracks

greater than 1/2
inch.

May not remain
leak tight

because of
excessive

distortion of
structure.

Component will
remain

anchored and
majority will

remain
functional after

earthquake.
Any damaged
equipment will

be easily
repaired.

Building
distortion will be

limited but
visible to the
naked eye.

3 No structural
collapse, failure
of contents not
serious enough
to cause severe
injury or death,

or prevent
evacuation.

Concrete walls
cracked; but

small enough to
maintain
pressure

differential with
normal HVAC.
Don’t expect
largest cracks

greater than 1/8
inch.

Metal liner will
remain leak

tight.

Component
anchored and

functional.

Possibly visible
local damage
but permanent

distortion will not
be immediately
apparent to the

naked eye.

4 No structural
collapse, failure
of contents not
serious enough
to cause severe
injury or death,

or prevent
evacuation.

Concrete walls
cracked; but

small enough to
maintain
pressure

differential with
normal HVAC.
Don’t expect
largest cracks

greater than 1/8
inch.

Metal liner will
remain leak

tight.

Component
anchored and

functional.

Possibly visible
local damage
but permanent

distortion will not
be immediately
apparent to the

naked eye.

Use of the PC2-A dynamic analysis provisions is judged to
be consistent with MEDSS requirements and to be a prudent
approach to providing an enhanced level of performance for the
NIF alignment-sensitive structures which have high levels of
economic investment and are part of the laser alignment
system.  In order to meet the positional and stability
requirements of the alignment system, the amount of permanent
displacements following a seismic event are limited as much as
possible within cost considerations.  The cost impact of this
approach is judged to be minimal since stability design
requirements control much of the design of the alignment-
sensitive special equipment.

    NIF Alignment-Sensitive Special Equipment  
Seismic design and evaluation of the NIF alignment-

sensitive special equipment (for example the periscope,
amplifier structures, spatial filter structures, LM1 structures,
switchyard, target positioner, and target area mirror mounts)
uses the PC2 seismic hazard augmented with PC2-A dynamic
analysis provisions that are based on PC3 criteria.  Additional
PC3 provisions for topics not related to the dynamic analysis
provisions, such as peer review and quality assurance, do not
apply since NIF is being designed and evaluated for the
appropriate PC2 requirements.

Response spectrum analysis is the recommended dynamic
analysis approach for NIF since a modal extraction is already
required for the random vibration analyses being performed for
alignment-sensitive special equipment.  For the response
spectrum analyses, linear elastic material properties are used
and the missing modal mass from the eigenvalue extraction is

explicitly considered.  The maximum horizontal ground surface
acceleration for the NIF site at LLNL is 0.57 g and the spectral
shape of the seismic input is defined by the Newmark-Hall 50%
exceedance soil spectrum, or the NUREG/CR-0098 spectrum.
All three directions of input (100% in two horizontal directions
and 100% in the vertical direction) are considered when
computing the seismic demand and the results are combined
with an appropriate technique, such as the square-root-sum-of-
the-squares (SRSS).  In addition, the vertical seismic
acceleration is equal in magnitude to the horizontal
acceleration.  For structural damping, the values for Response
Level 1 in DOE-STD-1020, which is defined as DT/CC    <    0.5 (DT

is the elastically computed total demand and CC is the capacity),
are used.  Representative values include 4% damping for
reinforced concrete structures, 2% damping for welded and
friction bolted metal structures, and 4% damping for bearing-
bolted metal structures.  The effects of soil-structure interaction
(SSI), as discussed in DOE-STD-1020, are considered if these
effects increase the seismic demand.

For design calculations, the provisions for computing the
seismic capacity and for load combinations are outlined in DOE-
STD-1020 which references the appropriate chapters from the
UBC and other applicable design codes.  For materials, such as
optical glass or aluminum, that are not covered in typical
building design codes, the seismic capacity and provisions for
load combinations are based on LLNL standards.

The PC3 analysis provisions in DOE-STD-1020 permit
ductile, or inelastic, structural response and the amount of
ductile response is limited by a ductility factor, Fµ.
Representative values of Fµ include 1.75 for concrete shear
walls with in-plane or out-of-plane flexure and 1.5 for steel
ordinary moment resisting frames.  Due to positioning
considerations for alignment-sensitive special equipment,
values of Fµ are selected that are consistent with limiting seismic
displacements and with the specification of damping at
Response Level 1.  In order to limit the ductile response in
alignment-sensitive special equipment, a value of Fµ = 1.0 is
used which results in the seismic demand being greater than
that provided by the PC3 analysis provisions.  This is
appropriate for the design of specific types of alignment-
sensitive special equipment, such as the reinforced concrete
shielding around the target chamber, or to satisfy requirements
in LLNL standards.

The dynamic analysis provisions for PC2-A SSCs provide a
DOE-accepted approach for performing dynamic seismic
analyses.  With these provisions, the level of ductile response in
the special equipment for the PC2 seismic hazard is less than
the level which would result from using the PC2 design
provisions DOE-STD-1020, but the PC2 design provisions use
load combination techniques which could potentially result in
higher values than the load combinations with the PC2-A
analysis provisions (load factors = 1.0). The PC2 equivalent
static provisions are used as a check of the PC2-A analysis
provisions to assure that the PC2-A analysis provisions produce
the higher demand values.



    NIF Conventional Facility Structures “Significantly” Supporting
    Alignment-Sensitive Special Equipment  

Seismic design and evaluation of conventional facility
structures which “significantly” support alignment-sensitive
special equipment (for example the laser bay foundation,
switchyard walls, target bay floors, and target bay roof) use the
same provisions as discussed for the seismic design and
evaluation of NIF alignment-sensitive special equipment.  Use
of these provisions permits consistent structural behavior of the
special equipment and the SSCs supporting the alignment-
sensitive special equipment.  If a conventional facility structure
is providing minimal support (not “significant”) to special
equipment, then the alignment-sensitive special equipment
provisions discussed above do not apply.

The provisions for conventional facility structures
“significantly” supporting alignment-sensitive special equipment
limit the amount of ductile, or inelastic, response to that
provided in the PC2-A analysis provisions.  These provisions
permit limited structural response with values of Fµ which are
selected to be consistent with limiting seismic displacements
and with the specification of damping at Response Level 1.

    NIF Nonalignment-Sensitive Special Equipment and
    Conventional Facility Structures

Seismic design and evaluation of nonalignment-sensitive
special equipment and conventional facility structures not
“significantly” supporting special equipment (for example the
laser bay building, switchyard roof, capacitor bank enclosures,
diagnostic building, and mechanical utilities) use PC2 criteria as
given in DOE-STD-1020.  Dynamic analysis is not a
requirement unless stiffness, weight, or vertical irregularities
require it.  For design, the provisions for computing the seismic
capacity and for load combinations are outlined in DOE-STD-
1020 which references the appropriate chapters from the UBC
and other applicable design codes.  For special equipment,
LLNL requirements in the MEDSS are also followed.

In several cases, conventional facility structures
“significantly” supporting alignment-sensitive special equipment,
which are designed and evaluated per PC2-A analysis
provisions, are structurally connected to nonalignment-sensitive
structures.  Special consideration is given to these connections
to account for increased demand on the structures “significantly”
supporting special equipment by the structures not
“significantly” supporting special equipment and to assure that
the structures “significantly” supporting special equipment
maintain their desired response through the connection.

For nonalignment-sensitive conventional facility structures,
the PC2 criteria is augmented with considerations of relative
seismic anchor motion (SAM) since DOE-STD-1020 does not
explicitly address SAM for PC2 SSCs and the effects of SAM
are important for distributed systems and equipment which span
between different structures.  SAM is considered for the design
and evaluation of conventional facility structures for systems
and equipment located above special equipment.  Since the
design and evaluation of NIF alignment-sensitive special
equipment and conventional facility structures “significantly”
supporting special equipment consider three directions of input
of equal magnitude, the evaluation and design of the anchorage
for distributed systems and equipment which are affected by

SAM is consistent by considering three directions of input of
equal magnitude.  The amount of relative SAM is limited such
that the demand due to inertial and SAM effects on the
distributed systems and equipment and their anchorage is
exceeded by their capacity.  For the design and evaluation of
supports for conventional facility distributed systems, Parsons
developed guidance [8] which specifies considerations for SAM.

For all types of equipment and distribution systems, the
effects of seismic-induced displacements and potential impact
accelerations are considered based on the guidance in Chapter
7 of DOE/EH-0545 [9].  Seismic-induced displacements are
calculated to determine if clearances or seismic gaps are
adequate between adjacent structural components, if there is
induced seismic demand from P-δ effects, how much re-
adjustment the alignment systems may need to be designed for
following a seismic event, and how much inelastic deformation
(if the inelastic energy absorption factors, Fµ or Rw, do not equal
1.0) may occur during a seismic event.  Potential seismic-
induced impact accelerations are considered if geometrical
limitations limit the clearances or seismic gaps between
adjacent structural components or if the seismic restraint
system does not provide a fixed connection.  To assist with
evaluations of the potential effects of seismic interactions, time
histories have been developed for NIF which are consistent with
the response spectrum being used for design.  With the time
histories, the effects of nonlinear behavior in the structures,
such as contact conditions, are studied.  For most designs
though, seismic-induced impact accelerations are avoided
because they can create undesirable impact dynamics that can
damage optical components.

SEISMIC DESIGN AND EVALUATION OF ALIGNMENT-
SENSITIVE SPECIAL EQUIPMENT

The NIF alignment-sensitive special equipment that will be
discussed in this section are the hybrid structures of reinforced
concrete (RC) and steel, such as the laser bay structures shown
in Figure 2.  These structures have optical components
supported on steel structures, such as the periscope space
frame or the spatial filter vessels, and these structures are
supported on RC pedestals.  The benefits of the hybrid
structures are that conventional materials and fabrication
techniques are being used to minimize the costs of the relatively
large structures and the RC pedestals provide relatively stable
supports considering their weight and size.  For instance, 0.6-
meter thick RC walls form a frame that is about 24-meters wide,
7-meters long, 6.5-meters tall; weighs about 300 tons; and
supports two transport spatial filter (TSF) end vacuum
structures.  The TSF end vacuum structures consist of vessels
that weigh about 42 tons each and the TSF beam tubes that
weigh about 225 tons.

Several different load cases are considered for the optical
support structures and these load cases include ambient
vibration, seismic excitation, dead weight, thermal, vacuum (if
applicable), and pressure loading.  As discussed earlier, the
major structural design consideration for the NIF alignment-
sensitive structures is their stability when subjected to ambient
vibration excitation.  With the design-by-analysis approach that
has been used for NIF special equipment since the conceptual
design, the first set of analyses performed on the optical support



structures are stability analyses in which the structures are
subjected to ambient vibration excitation at the base of the
structures.  The ambient vibration excitation is described by a
broadband top-of-foundation power spectral density (PSD)
spectrum.  Since the PSD spectrum is an energy representation
of the vibration excitation in the frequency domain, the modal
response of the alignment-sensitive structures is determined so
that the transfer functions between the base of the structures
and nodal locations within the structure can be calculated.

Figure 2  Laser Bay Optical Support Structures

The modal response of the alignment-sensitive structures is
predicted using the Lanczos coordinate modal extraction
procedure in GEMINI [10].  GEMINI is a LLNL-developed, linear
elastic, finite element program that is based on the SAP family
of programs and has been benchmarked against commercial
programs, such as the tool used to evaluate the seismic
response of the conventional facility structures.  The Lanczos
procedure in GEMINI is used because it is a computational
efficient technique for extracting the modes with the highest
modal mass participation and reducing the undesired effects of
local modes.  Finite element models of the alignment-sensitive
structures have over 50,000 degrees-of-freedom in order to
capture their significant stiffness and mass characteristics.
Since the stiffness and damping characteristics of the laser and
target bay foundations have not been characterized for the
special equipment structural analyses, the boundary condition
for the optical support structures is fixed-base which is applied
by constraining all the displacements and rotations of the
bottom of the RC pedestals or the steel space-frame columns
that are attached to the foundations.

For the relatively large and massive optical support
structures, the fixed-base structural frequencies exceed 10
hertz.  Since most large and massive conventional structures
have fixed-base structural frequencies below 5 hertz, the NIF
support structures provide the desired relatively stiff optic
bench.  For example, the first fixed-base structural frequency of
the TSF end structures approaches 10.5 hertz in the long
direction of the frame, while the first fixed-base structural
frequency is greater than 13 hertz in the shorter direction.
These structures behave as weak frames in their long direction

because the exterior walls provide little stiffness in the X-
direction while the center pedestals are stiff in the X-direction.
In the Z-direction, the mass of the beam tubes that is supported
by the end vessels cause shear behavior in the short direction
walls.  As expected, the TSF end structures are relatively stiff in
the vertical direction.

With the modal results discussed above, the dynamic
response of the optical support structures to seismic excitation
is determined with GEMINI.  The response of the structural
models to seismic input is determined with response spectrum
analyses as described in the provisions of memo NIF-0000214-
OB for alignment-sensitive, or PC2-A, structures.  As discussed
earlier, the seismic input is assumed to occur incoherently and
to be equal in magnitude in the three orthogonal directions, the
zero period acceleration is 0.57 g, the response spectrum is
provided in the MEDSS, and 4% modal damping is used for all
the modes.  Structural amplification in the relatively tall
structures causes the acceleration values to increase from
about 0.2 g at the top of the pedestal doors to over 1.5 g at the
top of the steel structures.  Since the structural frequencies of
most of the optical support structures exceed the maximum
frequency of the peak of the response spectrum, most of the
amplification is less than the peak of scaled spectrum.

Results from the seismic analyses are used to design the
RC pedestals, evaluate the stress levels in the steel structures
supporting optical components, and design the connection
details.  At the base of the RC pedestals, dowel configurations
are designed to support the seismic-induced forces and
moments from the pedestals.  In addition, the surface of the
foundations are roughened to contribute to appropriate shear
transfer between the pedestals and the foundations.  The
seismic interface forces and moments at all the connections
with the pedestals are used to determine the rebar configuration
within the pedestals.  Finally, the stress levels in the steel
structures are combined with the operating stress levels and
compared to the minimum yield strength of the material.  The
load combination primarily used for the design and evaluation of
the RC pedestals and steel structures is:

Total Demand = DL + LL + OL + T + E

where:

DL - dead load
LL - live load
OL - operating loads (vacuum, pressure)
T - thermal loads
E - earthquake

The capacity of the RC pedestals is based on DOE-STD-1020
provisions and the capacity of the steel structures supporting
optical components are based on MEDSS provisions.

In addition to evaluating the seismic-induced forces and
moments in the NIF optical support structures, the seismic-
induced displacements are studied.  Since optical components
are typically brittle and relatively expensive, the designs of their
supports incorporate features to limit the effects of seismic
motion.  The cost of large optics for the NIF is expected to reach
about $92 Million and this cost goal is being realized after an
extensive multi-year effort to develop advanced manufacturing
technology, to purchase and install the necessary production

 Y
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equipment at the vendor sites, and to pilot a production effort
that demonstrates these improved capabilities.  In the amplifier
support structures, there is a gap of 38 millimeters between the
frames that hold the amplifier glass and columns of the steel
support structure.  Finite element analyses predict that the
seismic-induced displacements of the optic frames and steel
columns are less than 28 millimeters so that seismic
interactions are precluded.  The seismic-induced displacements
are also being evaluated at interfaces of the optical support
structures and utility systems serving the laser components.

SEISMIC DESIGN AND EVALUATION OF CONVENTIONAL
FACILITY STRUCTURES

As stated previously, the seismic design of the RC laser
and target area building (LTAB) structural components that
support alignment-sensitive equipment has been conducted
using the PC2-A analysis provisions.  The laser bay foundation
is a 0.9-meter thick RC mat supporting the various pedestal
structures that support the laser and optical components in the
laser bay and it is approximately 24.5 meters wide and 127.8
meters long.  The two switchyards and target bay are a single
RC structure with 1.8-meter thick foundation mats with plan
dimensions of approximately 30 meters wide and 90 meters
long.  Inside the switchyards are steel spaceframe structures
that support various mirror systems which re-direct the laser
beams coming from the laser bay to the target bay.  The
horizontal supports for the switchyard steel structures are
primarily located at the vertical corners of the switchyard
concrete walls and at the 1.8-meter thick cylindrical wall of the
target bay.  Since the roof of each switchyard does not support
any alignment-sensitive equipment, it is only required to satisfy
the PC2 seismic design criteria.  The target bay supports a
number of mirrors from the bottom of a multi-layered RC roof
structure and another set of mirrors is supported from the
foundation of the target bay. Horizontal damping struts provide
seismic lateral support of the target sphere at two elevations
located above and below the sphere centerline. The aluminum
sphere is about 0.1-meter thick and has a RC covering that is
about 0.4-meter thick.  The RC pedestal support structure is
designed to accommodate the seismic responses of the target
sphere as well as the static load of the sphere and its optical
components.  Figure 3 shows a plan view of the LTAB and
Figure 4 shows a typical elevation view through the switchyards
and target bay.

Figure 3  LTAB Plan View

Figure 4  LTAB Elevation View

There are two laser bay foundation mats in the LTAB
foundation plan as shown in Figure 3.  The two laser bay
foundations are housed in a steel framed structure supported on
footings that are separated from the laser bay foundation mats
with a separation distance of about 0.05 meters.  This
separation is intended to reduce the vibrations transmitted from
the steel building to the laser bay foundation mats.  The primary
function of the laser bay foundation mats is to provide structural
support for the ten RC pedestals that support optical
components. Simplified models of the pedestals and the laser
bay foundation mats are modeled with 3857 quadrilateral plate
elements using the STARDYNE computer program [11].  The
simplified steel structures representing the first mode frequency
of the optics support structures on top of the pedestals are
represented using equivalent beams that resulted in the
appropriate first mode frequencies of these structures.  To
evaluate the effects of SSI, the vertical and horizontal soil
stiffness are modeled with equivalent soil springs based on the
elastic half-space analogy with the soil properties based on the
soil investigation conducted by Kleinfelder [12].  Two soil
properties are studied; one for a soft site with a shear wave
velocity of 244 meters per second and a compressional wave
velocity of 456 meters per second, and one for a hard site with a
shear wave velocity of 305 meters per second and a
compressional wave velocity of 692 meters per second.

Static results indicate that the maximum soil stress is within
the bearing capacity of the soil for either the soft or hard soil
assumption and the maximum static displacements are 0.012
meters and 0.010 meters for the soft and hard soil properties,
respectively.  The 4% damped seismic site spectra with a peak
ground motion acceleration of 0.57 g is used in the SRSS
calculation of the seismic response in all three directions.  Due
to the proximity of nearby faults, the vertical component is
assumed to be equal to the horizontal components.  All of the
frequencies below 33 hertz are used in the analyses and the
modal mass is 99% of the total mass. The maximum seismic
foundation displacement are 0.027 meters for the soft soil
properties and 0.014 meters for the hard soil properties.  Typical
maximum seismic response accelerations of the pedestals are
in the range of 1 to 3 g.  Five load cases are considered:

1.  1.4DL + 1.7LL
2.  DL + LL + E/Fµ

3.  DL + LL - E/Fµ

4.  0.9DL + E/Fµ

5.  0.9DL - E/ Fµ



Fµ was determined to be equal to 1.75 since it is the intent that
the laser bay foundation mats and pedestals remain essentially
elastic without significant permanent deformation when
subjected to the 0.57 g seismic event.  This conservative
requirement is relatively easily satisfied since the reinforcement
required to prevent shrinkage cracks in the monolithic
foundation mats requires about the same amount of
reinforcement.

   
Figure 5  Target Sphere and Pedestal

The RC structure containing the switchyards and target bay
is also modeled using the STARDYNE computer code.
STARDYNE is selected since the same finite element model is
used for random vibration analysis of the structure.  The target
bay is a cylindrical structure that has a nominal 1.8-meter thick
wall with a 0.75-meter thick roof and the diameter of the cylinder
is about 30 meters and it is about 36 meters high.  Figure 5
shows the target sphere with its many penetrations supported
on the pedestal structure that is supported by the target

building.  Due to the significant depth of the foundation for the
LTAB, the nominal shear wave velocity of the soil is about 366
meters per second.  This higher shear wave velocity is
consistent with the switchyard foundation being approximately 7
meters below grade and the target bay foundation being
approximately 10 meters below grade.

The 4% damped response spectra of the 0.57 g seismic
event is used to evaluate the parts of the structure that support
alignment-sensitive special equipment.  The response spectra
for the 0.57 g seismic event is input in three orthogonal
directions with the vertical input equal to the two horizontal
inputs and the seismic design for the switchyard and target bay
foundation mats is based on a demand capacity ratio of 1.75.
This value is selected in order to assure that the foundation
mats remain essentially elastic and is required because these
foundation mats are the foundations for the mirror support
structures.  Table 2 describes the demand capacities, Fµ, used
for various structural components in the switchyards and target
bay.

Table 2 Demand Capacity Ratios Fµ

Structural Location Fµ

Pedestal Connection to Sphere 1.00
Pedestal Concrete Structure - Flexural 1.50
Pedestal Concrete Structure - Axial Compression 1.00
Pedestal Concrete Structure - Axial Tension 1.50
Pedestal Concrete Structure - Shear 1.00
Target Bay Roof & Floors - Out of Plane Shear 1.75
Target Bay Roof & Floors - Out of Plane Flexure 1.75
Target Bay Roof & Floors - In Plane Shear 1.00
Target Bay Walls - In Plane Shear 1.50
Target Bay Walls - Flexural 1.75
Target Bay Walls - Out of Plane Shear 1.75
Target Bay Walls - Axial Compression 1.00
Target Bay Walls - Axial Tension 1.50
Target Bay Columns - Flexural 1.50
Target Bay Columns - Axial Compression 1.00
Target Bay Columns - Shear 1.00
Target Bay Columns - Axial Tension 1.50
Switchyard Walls - In Plane Shear 1.50
Switchyard Walls - Flexural 1.75
Switchyard Walls - Axial Compression 1.00
Switchyard Walls - Axial Tension 1.50
All Foundation Mats - Flexural & Shear 1.75

Since the effects of SSI with the soil stiffness are included
in the finite element model of the structure, four rigid body
modes are identified that had minor amounts of structural
deformation in their mode shapes.  These four rigid body modes
have theoretical modal damping values greater than 20%.  The
modal response of these four modes is therefore computed as
having 20% equivalent damping.  The four rigid body modes are
described as follows:

Mode 1  Horizontal & rocking mode in E-W direction 2.32 Hz
Mode 2  Horizontal & rocking mode in N-S direction 3.07 Hz
Mode 3  Torsional mode about vertical axis 3.15 Hz
Mode 4  Vertical mode 3.98 Hz

The remaining modes are all assumed to have 4% damping
when computing the modal response to the seismic input
response spectra.  A total of 100 modes are used in the
analysis that result in modal masses that are greater than



99.8% of the total mass in each of the three orthogonal input
directions.

The static soil pressure under the target bay foundation mat
is 215 kPa to 254 kPa and the seismic soil pressure is    +    144
kPa to    +    254 kPa.  The static soil pressure under the switchyard
foundation mats is 192 kPa to 249 kPa and the seismic soil
pressure is    +    193 kPa to    +    215 kPa.  The static soil bearing
capacity is 575 kPa and the seismic soil bearing capacity is 814
kPa according to the Kleinfelder geotechnical report for the
switchyards and target bay foundations.  None of the static or
seismic allowable soil bearing values are exceeded.

The seismic responses of the target bay foundation result
in a 0.75 g vertical acceleration and horizontal accelerations in
the range of 0.50 g to 0.75 g.  The upper parts of the target bay,
such as the seven floor levels and roof levels, are expected to
have accelerations of about 0.90 g.  The switchyard walls
generally are expected to experience accelerations in the range
of 0.7 g to 1.0 g.  However, at the center of the switchyard walls,
it is possible that the maximum acceleration reaches 1.50 g.
Similarly, the roof of the switchyards are expected to have
vertical accelerations of about 1.0 g with the exception of the
middle portion of the roof which may experience accelerations
of up to 4.0 g.  Although there are small local areas of the
structure that may experience high accelerations as predicted
by the SRSS combination of a large number of modal
responses, the reactions at the roof support locations are near
the reactions that would be proportional to the typical seismic
response acceleration value of 1.5 g.  Similar to the seismic
analyses completed for the laser bay, soft soil and hard soil
variations are analyzed as well as fixed base foundation
boundary conditions.  The most representative solution is
determined to be the seismic analysis using the nominal soil
properties.

CONCLUSION

Seismic criteria has been developed and implemented for
the design and evaluation of NIF alignment-sensitive structures
which comprise the largest optic bench for ICF research.  In
addition, seismic criteria is being used for the design and
evaluation of nonalignment-sensitive SSCs in NIF.  The graded
approach in the NIF seismic criteria is consistent with the
requirements of DOE-STD-1020, the UBC, and the LLNL
MEDSS.  Finite element analyses have been performed for the
alignment-sensitive special equipment and conventional facility
equipment to evaluate the performance of these optical support
structures when they are subjected to seismic excitation.  The
results of the analyses and other structural calculations
demonstrate that the NIF structures satisfy the requirement of a
maximum recovery time from a design level seismic event of
three months.
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