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ABSTRACT

The SuperconductingSuperCollider SSC Laboratory has been strategically
located in Ellis County, Texas where design,construction,operation, and maintenance
costswould be minimized. Oneof theparametersthat affectcostsduring thesephasesof
the Laboratorylife-cycle is the geologicalstability of the areawith respectto seismic
ground motion. Historical recordsdemonstratethat bedrockaccelerationsexpectedto
occurat any one time during the 20-yearoperatinglife of thefacility for theprojectsite
will generateforceson both surfaceand sub-surfacestructuresof a magnitudeless than
the minimum forces required by current governing engineeringdesign codes. The
Uniform Building CodedesignatestheSSCsite to lie within SeismicZone0, but remains
silent with regardto minimumlateral loading for the zone. The specificmagnitudesof
the minimum applied forces arethereforeto be determinedfrom an applicationof both
ASCE 7-88 formerly ANSI A58.1 and FEMA 222, referencedby Departmentof
EnergyDOE 6430.lA GeneralDesignCriteria, thegoverningdesigncodefor the SSC.
The conclusionof the seismic study has resultedin a recommendationfor minimum
seismic lateral forceson all structuresof the SSC,which is to be includedin the SSC
LaboratoryFacility DesignCriteria.
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INTRODUCTION

The SuperconductingSuper Collider SSC Laboratory has been strategically
located in Ellis County, Texas where design,construction,operation,and maintenance
costswould be minimized. Oneoftheparametersthat affectscostsduring thedesignand
constructionphasesof the laboratorylife-cycle is the geologicalstability of the areawith
respect to seismic ground motion. Historical records demonstrate that bedrock
accelerationsexpectedto occur at any one time during the 20- year operatinglife of the
facility for the projectsitewill generateforceson both surfaceand subsurfacestructures

of a magnitudeless than theminimum forces requiredby currentgoverningengineering
design codes. Specifically, the Uniform Building Code locates the site within the
SeismicZone 0, but remainssilent with respectto a Zone 0 minimum lateral loading.
The specific magnitudeof the minimum applied forces must thereforebe determined
from an applicationof bothASCE7-88MinimumDesignLoads for Buildingsand Other
Structures formerly ANSI A58.1 and FEMA 222, Federal EmergencyManagement
Administration, referencedby and in compliance with DOE6430.1A, the governing
designcodefor the SSC.
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TheSeismicDesignRequirementsWorking Group was formedfor thepurposeof
studyingtherequirementsthat wereset forth in various site governingcodesreferenced
by DOE6430.1A, while consideringactual motion history to derive a single governing
setof seismicdesigncriteriafor all structuresof theSSC. Thepurposeof the studywas
to generatea lab-wide standardcriteria for designof all structuresof the SSCwith dual
perspectives of providing the required safety by preventing under design while
minimizing costs by preventing over design. The recommendationsof the Seismic
DesignRequirementsWorking Group aredocumentedin this report and includedin the
SSCLaboratoryFacility DesignCriteria.

PURPOSE

TheSSCLaboratorywill consistof both surfaceand subsurface,highiy complex
and intricate technical experimental equipment. Lateral structural stability of such
heavy, delicate equipment becomes an issue when no specific lateral loading
requirementsintrinsically exist. The purposeof this study was to develop minimum
lateral loadingrequirementsfor thesafestyet leastcostlydesignof all enclosedtechnical
equipmentas well assubmergedconventionalfacilities, where surface wind does not
govern.

SCOPE

The SSCLaboratory minimum lateral loading requirementsstem from a sound
engineeringneed to enforce lateral stability through application of a virtual seismic
equivalentlateralacceleration.Sincetheactualseismicactivity in a Zone0 is viewed as
being less than adequatefor lateralstability, a largervirtual seismicequivalentis usedas
the minimum. The General Design Criteria of the Departmentof Energy DOE
6430.1A, which governsthe global designof all facilities of theSSCLaboratory,refers
to the American Society of Civil Engineerspublication ASCE 7-88, Minimum Design
Loads for Buildings and Other Structures formerly ANSI A58.1 and FEMA 222,
Federal EmergencyManagementAdministration. The design of all facilities and
technical equipmentof the SSC Laboratory shall be subject to this minimum lateral
stability constraintunlessit canbe showthat a higherlateralloadingwould govern.

SEISMICITY UNDER DOE 6430.1AGENERALDESIGNCRITERIA

The Departmentof Energy DOE has published guidelines for the design of
structureswith respectto earthquakeand other seismic activities. The DOE order
6430.1A, UnitedStatesDepartmentofEnergyGeneralDesignCriteria states:

"The basic seismic parametersshall be derived from DOE site
specific hazardmodel studies summarizedin UCRL 53582. If site-
specific hazardmodel studiesare not available,a hazardmodel shall be
developedthat is consistentwith the approachusedin UCRL 53582. In
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applying UCRL 53582, specific gnidance on relating frequency of
occurrenceto facility hazardlevelsshallbe obtainedfrom UCRL 15910.

Earthquakeload designfor buildings and otherstructuresshall be
determinedin accordancewith the procedurescontainedin the UBC and
UCRL 15910. The provisionsand designproceduresof TM 5-809-10for
the application of seismic loading to conventionalbuildings shall also
apply. For critical facilities, the provisionsand design proceduresof TM
5-809-10.1shall be used."1

SincetheSSCLaboratoryis locatedin the lowest seismiczoneareaZone0, the
proceduresas outlined in the Uniform Building Code UBC will be usedin lieu of
University of California ResearchLaboratoryUCRL 15910. UBC indicatesthat the
SSCLaboratoryis locatedwithin the SeismicZone 0 in accordancewith Figure 1. The
table that correspondsto theUBC Table 1 doesnot give a seismic zonecoefficient for
Zone0. SincetheUBC remainssilent regardingseismicityfor Zone0, other codessuch
as American Society of Civil EngineersASCE 7-88, Minimum Design Loadsfor
Buildings and Other Structures formerly ANSI A58.l, and the FederalEmergency
ManagementAdministration, FEMA 222 I 223 shall be applied to determinethe
minimum requirementsfor a specific Zone 0 design. The minimum requirementsof
ASCE 7-88 and FEMA 222 I 223 meet the seismicrequirementsof the procedurethe
Army Technical ManualTM 5-809-10.

Sincethe SSCLaboratoryis not considereda critical facility, therequirementsof
the procedureTM 5-809-10.1 do not apply. The approachusedby ASCE 7-88 and
FEMA 222 I 223 is consistentwith that depictedin UCRL 53582. ThereforeASCE7-88
andFEMA 222 I 223 will governfor theSSC,sincebothof thereferencesgivea specific
seismiczonecoefficientfor Zone0.

SEISMICITY UNDERASCE 7-88FORMERLY ANSI A58.1

The seismiczonemap Figure2 of ASCE7-88 reflects a SSCLaboratorylocale
of Zone o.2 For structuresin Seismic Zone 0, ASCE7-88 requiresthat theminimum
lateral seismic force be dissipatedthrough the structural connectionsinto the lateral
resistiveelements,i.e, floors, roofs,etc.3

Anchorage of Concrete and Masonry Walls

A positive direct connectionbetweena laterally-supportingfloor/roof and a
concrete/masonrywall connectedto it shall be capableof resistingahorizontalforceFp
specifiedby theequation:

Fp = Z*I*Cp*Wp 1

Office of ProjectandFacititesManagement,UnitedStatesDepartmentofEnergy General Design
Criteria, DOE6430.IA, June89, Section0111-2.7.1,p 1-93.
2 AmericanSocietyof Civil Engineers,Minimum DesignLoadsfor Buildings andOtherStructures
ASCEStandard7-88,July 1990, p 33.
3lbid., pp 32, 40.
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whereZ representstheseismiczonenumericalcoefficient, shownin Table 2 with avalue
of 0.125 correspondingto Zone 0. All facilities of the SSC Laboratory residewithin
Zone 0 on theseismiczonemap.

The OccupancyImportanceFactorI is definedby Tables3 and 4. Within the
SSCLaboratory,somebuildingswill housemorethan300 people,all of which fall under
CategoryII, renderingan I valueof 1.25. The remainingSSCbuildingsand structures
fall within CategoryI, for which! = 1.0.
TheHorizontal ForceFactorfor thestructuralelementsof the SSCLaboratoryfacilities
is defined to be 0.3. A Cp = 0.3 appliesalso to building connectionsfor prefabricated
structural elementsother than walls with the forceseffectively appliedat the centersof
gravity of the assembliesand resisted by positive anchorageforces, not frictional
resistance.

Theweightof theportionor partof thestructureWp includesthetotal deadand
applicablelive load for that section.

Fp = 0.125*1.25*0.3*Wp c 0.05*Wp,

so that Fp = 0.05*Wp will be takenastheminimumrequiredhorizontalforce.

Load Paths

All parts of the building or structure that transmit seismic forces shall be
connectedthrougha continuouspath to the resistingelement. The connectionand the
elementsalong the path to the resisting elementshall be capableof withstanding a
minimumforce Fp, determinedto be thegreaterforcefrom thefollowing equations1
Or2:

Fp = 0.l5*Z*I*Wp 2

For SeismicZone0, Z = 0.125; for CategoryII occupancy,1=1.25. Thus

Fp = 0.l5*0.125*1.25*Wp

Fp = 0.023*Wp

for equation2, or

Fp = 0.05*Wp 1

for equation1.
Equation 1 is the more stringent requirementthat will govern the SSC Laboratory
structures.Therefore,theminimumhorizontalforce Fp shallbedeterminedby:

Fp = 0.O5tWp

whereWp is thedeadload andany applicablelive loadportionof thestructure.
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SEISMICITY UNDER FEMA 222

Therequirementsfor the SSCLaboratoryfacilities imposedby FEMA 222 shall
be considered the minimum loading requirements based upon an Effective Peak
AccelerationEPA of less than 0.05g.as shown in theFigure 3 zonemap. This EPA,
accordingto FEMA 222, has a 0.1 probability of being exceededin 50 years. A
probability of 0.9 that theEPA will not be exceededduring a 50 yearperiod. Seismic

HazardExposureGroup I and an EPA = 0.05g categorizesSSCLaboratory facilities.4
SSC Laboratory facilities fall into Group I becausethe facilities are not emergency
stationsnor public placesaswould be for groups11 and111. With Group I classification
and EPA of 0.05g. the Seismic PerformanceCategoryis A, correspondingto a zone of
low earthquakerisk where the building seismic design need only account for proper
connectionsandanchorageof concreteormasonrywalls.5

Anchorage of Concrete or Masonry Walls

Concrete or masonrywalls shall be anchoredto the roof and all floors that
provide lateralsupport for the wall. The positive direct connectionbetweenthe walls
andthefloors/roofsshall withstandthegreaterof thetwo seismiclateralforces:

Fp = 1000*Av pif of the wall 5

or

Fp= 0.05ICY/p. 6

Av is theEPV accelerationin units of g, here0.05. Wp is the live and deadload of the
portionof thestructure. Substitutingwe have

Fp = 1000*0.05

Fp =50 poundsper linearfoot of thewall

or

Fp = 0.05*Wp.

The equationapplicable to the SSC is the resulting combinationof equation5 and
equation6:

Fp = 0.05*Wp with aminimumof 50 poundsperlinear foot.

Connections Load Paths

All parts of a building between separationjoints shall be interconnected.
Connectionsshall be capableof transmitting resistingthe greaterof the following two
seismic forcesFp inducedby thepartsbeingconnected:

FederalEmergencyManagementAgency,NEHRP RecommendedProvisionsfor the Developmentof
SeismicRegulationsfor NewBuildings, 1991 Edition,Part 1, pp 3-5
5lbid., pp 45-6.
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Fp = Av/3 *Wp 3

or

Fp= 0.05*Wp. 4

where Av is the effective peak velocity-related accelerationcorrespondingto the
effectivepeakvelocity EPV in units of g, which is lessthan 0.05 from thecontourmap
Figure 4. The probability of exceedingthis value is less than 10% for any 50-year
period. Wp is theapplicablelive loadand deadload of thesmallerconnectedpart.

Substitutingwe find theequationbelow that yields the greatervalue,which will
govern theSSC facilities:

Fp = 0.05/3 *Wp

Fp = 0.017*Wp

or

Fp = 0.05*Wp.

By comparisonthe greaterFp results from equation4. The SSCLaboratoryshall use
the following seismicforceequationfor designpurposes:

Fp = 0.05*Wp

whereWp is thetotal live anddeadloadof thesmallerconnectingpart.
Also note, in general, that a positive connectionfor resistinga horizontal force

acting parallel to the membershall be provided for eachbeam,girder, or truss to its
support. The connectionshall havea minimumstrengthso asto transmitresist a force
Fp definedasfollows:

Fp= 0.05*Rp

whereRp is thetotal deadandlive load reactionof thebeam,girder, or truss.6

SPECIALSTRUCTURESAND CONSIDERATIONS

The minimum requirementsfor the SSC Laboratory may not suffice for certain
technical components.Special structuresthat contain large, concentratedmasses,high
aspectratios, and unique support requirements,such as large detectors,may exhibit
dynamic characteristicsthat fall outsideof this static envelopeand so may needto be
subjectedto additional and more comprehensiveresponsespectrumor time history
analysis.

Non-structural componentsthat may be critical to SSC Laboratory operation,
suchas control units, high voltage electrical equipment, and cryogenic devicesmay
experiencesecondarydamagesfrom seismic loadings due to overturning or failed
supporting or anchoring mechanisms. These secondary or non-structural damage
potentialsmayrequireadditional seismichazardloadingconsiderations.

6lbid.,p46.
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COMPARISONOF ASCE7-88ANSI ASS.!AN! FEMA 222

Both ASCE 7-88 and FEMA 222 / 223 impose the identical minimum lateral
force criteria, with the additional constraint of member reaction minimums on
connectionsmentionedin FEMA 222 noted above. The design requirementsand the
connectiontype constraintsare identical. The information from the two standardsis
elementary and readily available. Both standardsprovide minimum requirement
limitations. Thestrengthofthestructuralconnectionsmustexceedthelateralforce Fp.

CONCLUSION

The equation from ANSI A58.l gave the lateral force Fp to be no less than
0.05*Wp Wp is thetotal live anddeadload. FEMA 222 dictatesthelateral forceto be
0.05*Wp with a minimumof 50 lb. I ft. Both documentsgive thesamerequirementsfor
the lateral force. Theguidelinesof both documentsarein compliancewith the UBC. In
conclusion, both documents are used as standards for constructing the seismic
requirementsfor theSSC.

RECOMMENDATIONS

WE RECOMMEND THAT ALL FACILITIES AND STRUCTURES,INCLUDING
TECHNICAL SYSTEMS COMPONENTS,AT THE SSCLABORATORY BE
DESIGNEDTO WITHSTAND A MINIMUM LATERAL FORCEAS SPECIFIEDIN
ASCE7-88. WE ALSO RECOMMEND THAT A SEISMIC DESIGNSECFION,
THAT REFLECTSTHE HEREINCONTAINED MINIMUM CONSTRAINTS,BE
INCORPORATEDINTO THE SSCLABORATORY FACILITY DESIGNCRITERIA.
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Seismic ZoneFactorZ
ZONE 1 2A 2B 3 4
Z 0.075 0.15 0.20 0.30 0.40

Table 1

Table 1 gives the valueof FactorZ for the Uniform Building Codeseismic zones. As
seenin the table, Zone 0 in which SSC Laboratory is locateddoesnot appear,so that
UBC is silentwith respectto thevalueof Z for theSSC Laboratorysite.

Seismic oneCoefficient,Z
Seismic Z
Zone
4 1
3 3/4
2 3/8
1 3116
0 1/8

Table 2

Table 2 gives the value of Z for each seismic zone accordingto the location of the
facility depictedin Figure 2. Table2 andFigure2 appearin ASCE7-88 ANSI A58.l.
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Classificationof BuildingsandOtherStructures
for Wind, Snow,andEarthquakeLoads

Natureof occupancy Category

All buildingsandstructuresexceptthoselisted below
Buildingsand structureswheretheprimaryoccupancyis
onein which morethan 300 peoplecongregatein one
area
Buildingsand structuresdesignatedasessentialfacilities, III
including,but not limited to:

Hospital andothermedicalfacilities havingsurgeryor
emergencytreatmentareas

Fire orrescueand policestations
Structuresandequipmentin government
Communicationcentersandotherfacilities requiredfor

emergencyresponse
Powerstationsandotherutilities requiredin an

emergency
Structureshavingcritical nationaldefensecapabilities
Designatedsheltersfor hurricanes

Buildings and structuresthatrepresenta low hazardto IV
humanlife in theeventof failure, suchasagricultural
buildings,certaintemporaryfacilities, and minor storage
facilities

____________________________

Table 3

Table 3 locatestheSSC
Laboratory in acategory
accordingto theoccupancy
ofthebuilding, which is
givenanumericalvalue in
Table4. All of the
informationis usedto
retrieveavaluefor I which
is usedin theequation
from ASCE7-88ANSI
A58.1.
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OccupancyImportanceFactor,I
EarthquakeLoads

Category I
I 1.0
II 1.25

111 1.5
IV NA

Table 4

Horizontal Force Factor,Cp for Elements of Structuresand Non structural
Components

Part orportion of building Directionof Cp
horizontalforce

Exteriorbearingandnonbearingwalls; interior bearingwalls and Normal to fiat 0.3
partitions; interior nonbearingwalls and partitions; masonryor surface
concretefencesover 6 feethigh
Cantileverelements:

Parapets Normal to
surface

fiat 0.8

Chimneysor tracks Any direction
Exterior and Interiorornamentation’sandappendages Any direction 0.8
When connectedto partof or housedwithin abuilding:

Penthouses,anchorageand supportsfor chimneys,stacks,and
tanks,includingcontents

Storageracks with upperstoragelevel at more than 8 feet in Any direction 0.3
height,plus contents

All equipmentor machinery
Firesprinklersystem

Suspendedceiling framing systemsappliesto SeismicZones 2, Any direction 0.3
3, and 4 only
Connections for prefabricated structural elements other than Any direction 0.3
walls, with forceappliedatcenterof gravityor assembly
Accessfloor systems Any direction 0.3

Table S

Table5 rendersthevaluefor thehorizontalforce factorCp, which is usedin theequation
from ASCE7-88 ANSI A58.1.
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This graph from theUniform Building Codeshowsthe seismiczoneregionsof the U.S.
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Figure 2

The seismiczoneregionsfor the ASCE 7-88 ANSI A58.1 arehereindepicted.
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Figure4

Theeffectivepeakvelocity-relatedacceleration,A, is shown in Figum 4 from the
FEMA 222.
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32.0 SEISMIC DESIGN

TheentireSSC site with all of its facilities is locatedin SeismicZone0, asdescribedin
ANSI A58.1 ASCE7-88 "Minimum DesignLoadsfor Buildingsand otherStructures".

The following minimum designrequirementsfor seismic forceson connectionsof walls
or structuresaretherequirementsgiven by the standardmentionedabove.

32.1 Anchorageof Concrete or Masonry Walls

Any floors and/or roofs that provide lateral support shall have concreteor masonrywalls
anchoredto them. A positive direct connection provided by the anchorage should be
capableof resisting the horizontal force Fp specified by theequation:

Fp = Z*I*Cp*Wp

Z represents the seismic zone coefficient. All of the facilities of the SSC
LABORATORY fall into Zone 0 on the seismicmap. This correspondsto a Z valueof
0.125.

The Occupancy Importance Factor is denoted by the letter I. The SSC LABORATORY
containsa building thathasan occupancyof more than300 people. Thestandardlocates
this building in category II, for which I = 1.25. Buildings or structureswith smaller
occupancyratingsfall in categoryI, for which I = 1.00.

The horizontal force factor, Cp, is 0.3, becausethe part or portion of the building
connectionsfor prefabricatedstructural elementsother than walls, with force applied at
center of gravity or assembly,will be resistedby positive anchorageforce, not a
frictional force.

The weight of the portion or part of the structureis Wp, which includesthe total dead
andlive load for that section:

Fp = O.125*1.25*O.3*Wp
Fp = O.05*Wp.

32.2 Load Paths

All parts of the building or stnicture that transmit seismic force shall be connected
through a continuouspath to the resisting element. The connectionand the elements
along the path to the resisting elementshall be capableof resistinga minimum force
Fp, determined as the greaterforceFp from thefollowing equations:
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1 Fp=O.15*Z*L*Wp
SeismicZone0; Z = 0.125,CategoryLI; I = 1.25.

Fp = O.15*O.125*1.25*Wp

Fp= O.023*Wp

or

2 Fp=O.05*Wp

Equationtwo is shownto governthe SSCsite. Therefore,theminimumforceFp shall
be determinedby

Fp = 0.05*Wp

whereWp = Dead load and any applicablelive load of the
structure.

32.3 SpecialStructures

The minimumrequirementsfor theSSC Laboratorymay not suffice for certain technical
components. Special structuresthat contain large, concentratedmasses,high aspect
ratios, and uniquesupport requirements,such as largedetectors,may exhibit dynamic
characteristicsthat fall outsideof this staticenvelopeandso may needto be subjectedto
additionaland morecomprehensiveresponsespectrumor time history analysis.

32.4 Additional Considerations

Non-structuralcomponentsthat may be critical to SSC Laboratory operation, such as
control units, high voltage electricalequipment,and cryogenic devicesmay experience
secondarydamagesfrom seismic loadings due to overturningor failed supporting or
anchoring mechanisms. These secondary or non-structuraldamage potentials may
requireadditionalseismichazardloading considerations.
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