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1 SCOPE

This memo summarizes and interprets the Department of Energy requirements for the NCSX Project with
respect to seismic loading. First a simplified static analysis and its applicability is presented for use. Followingisa
more thorough analysis of the pertinent requirements and how they apply to the design of equipment and
componentsin the NCSX Test Cell.

2 APPLICABLE DOCUMENTS

International Building Code 2000

DOE-STD-1020-2002 Natural Phenomena Hazards Design and Evaluation Criteria for Department of Energy
Facilities

NCSX Structural Design Criteria

C SiteDrawing Subgrade Profiles 330-101-1-G3

Soils Foundation Investigation TFTR PPPL, Giffels Associates 12/9/76
3 SUMMARY

Based on applications of DOE Order O420.1A and DOE Guide G420.1-2, PPPL is required by the Department
of Energy to meet the seismic requirements of DOE-STD-1020-2002 Performance Category 1 for Seismic Use Group |.
Interpretation of these requirements leads to the adoption of the International Building Code, IBC 2000, with 2/3 the
Maximum Considered Earthquake (M CE, site specific) as the standard for PPPL.

The primary intent of the IBC 2000 is to provide for the protection of the public in the event of an
earthquake. The NCSX facility isnot a public facility and as a result interpretation of the IBC 2000 allows for arelaxed
seismic requirement for the PPPL / NCSX test cell. Seismic analysis of components and equipment in the test cell if
they do not pose athreat to the health and welfare of the public is not required by code (see section 1621.1.1 of IBC
2000). The NCSX project however chooses to as a minimum apply the requirements of 1BC 2000 to components and
equipment in the test cell which pose a hazard to any personnel (not just the public) in the event of an earthquake.

The analysis technique presented below is the result of discerning from the code the applicable factors and
coefficients and distilling the information down to a simple static analysis applicable to the NCSX test cell. This
analysisis to be applied when the equipment or component in question can pose a physical hazard to the health and
welfare of an employee or the public. For components that do not present a hazard (egquipment mounted to the floor
with no potential of falling on and injuring an employee is one example) no seismic analysisisrequired.

Thisisthe minimum standard. Over and above this minimum standard the remaining body of this document
interprets the applicable sections of the code for NCSX and may be applied as required by the project to ensure some
level of operahility of the NCSX device after a seismic event. Section 4.2 of the memo, “Non Buildings Supported by
Other Sructures” contains the code interpretation from which this simplified static analysis was derived. For
complex high value systems a dynamic analysis is recommend to more accurately reflect the seismic loading and
provide the basis for a sound structural design.

3.1 Simplified Static Analysis

The following is the static seismic criteria required for components, structures and equipment in the NCSX test cell
which pose a moderate to high fire, explosive, or physical, hazard to personnel. The loads prescribed below are to be
applied at the center of gravity of the component in question. If stresses and deflections of components are within
acceptable limits as described in the “NCSX Structural Design Criteria’ document the component is seismically
qualified.
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For Rigid Equipment and Components in the NCSX Test Cell mounted to the test cell floor and made of steel or other
metal material the seismic criteriais:

Fp=.108 x Wp

For Rigid Equipment and Components in the NCSX Test Cell mounted to the test cell floor which contain brittle
material such as ceramic or glassin aload bearing path use:

Fp=.128x Wp

For Non-Rigid (flexible) Equipment and Components in the NCSX Test Cell mounted to the test cell floor and made of
steel or other metal material the seismic criteriais:

Fp=.171xWp

For Non-Rigid (flexible) Equipment and Components in the NCSX Test Cell nounted to the test cell floor which
contain brittle material such as ceramic or glassin aload bearing path use:

Fp=.257xWp

If the component in question is not mounted to the test cell floor the seismic load must be adjusted as follows:
Fp (at height) = Fp x (1+.0246* h)
Where h is the height of the mounting location above (or minus the height for below) the test cell floor in Feet.

If the subject component or equipment does not present the potential for a physical hazard during an earthquake but
a seismic analysis is performed to meet other project objectives (component survivability) Fp may be reduced by a
factor of 2/3rds

Fp(low hazard) = Fp x 2/3

Rigid structures are structures whose natural frequency (Fn) is greater than 16.7 hz
Fn=1/(2*p(Wp/K.p*g)*.5)

g = Acceleration of gravity

K.p = Stiffness of the component and attachment in terms of load per unit deflection at the center of gravity

If thereis aquestion asto therigidity of the component it may be more efficient to use the higher seismic requirement
for non-rigid components and avoid cal culating the components rigidity

Dynamic analysis is always available and should use the ARS from section 4.5 of this memo applied at the base
(ground) level and an amplification factor of ( 1+ 2* z/h)=1.48 (see section 4.2) at the test cell floor level
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4 DETAILED PPPL CODE INTERPRETATION

DOE requires PPPL to meet the requirements of DOE-ST D-1020-2002

The laboratory is required to meet Performance Category 1 (PC-1) and Seismic Use Group | per section 2.3.1 of
DOE-STD-1020-2002.

Performance Category 1 allows use of the IBC 2000 with 2/3 the Maximum Considered Earthquake (MCE). (2%
exceedance probability in 50 years)

IBC 2000

We are Site Class B (table 1615.1) based on soil shear wave velocity of 2,500 ft/sec < V.s <5,000 ft/sec. The Site
Class B designation is based upon C Site Drawing “ Subgrade Profiles 330-101-1-G3” which shows the bottom of the
basement slab and piers to be bellow the as measured level of solid rock. In addition the memo entitled Soils
Foundation Investigation TFTR PPPL, Giffels Associates 12/9/76 shows shear wave velocities of greater than 2,500
ft/sec for bores at depths similar to and near the C Site Basement foundation and shear wave velocities greater than
2,500 ft/sec for solid rock.

For our longitude and latitude and Site Class B an MCE Ground Motion Curve is generated using the maps in section
1615 of IBC2000

S.s=36.0% The mapped spectral acceleration for short periods
S.1=85% Themapped spectral acceleration for a 1 second period

Now the seismic input is adjusted for Site Coefficients

Fa=l Site coefficient as afunction of site class and mapped accel eration for short periods Table
1615.1.2(1)
Fv=1 Site coefficient as afunction of site class and mapped acceleration at 1 sec periods
Table 1615.1.2(2)

Sms=Fa* Ss=.36 Adjusted M CE Parameter short periods Equation 16-16

Sml=Fv* S1=.085 Adjusted MCE Parameter 1 sec. period Equation 16-17

Sds=2/3* Sms=.24 Five percent damped spectral response acceleration at short periods Equation
16-18

Sd1 = 2/3* Sms=.057 Five percent damped spectral response acceleration at short periods Equation
16-19
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We are Seismic Design Category B (per Table 1616.3)

The Sds and Sd1 values become the basis for the following analysis:
4.1 Static Analysis of Structures (Buildings)

4.2 Static Analysis of Non Buildings supported by other structures
4.3 Static Analysis of Non Buildings with self supporting structures
4.4 Static Analysis of Rigid Non Building Structures

45 Dynamic Analysis

4.1 Structures(Buildings) (Section 1617.4 of IBC 2000 applies)

For Seismic Use Group | and Seismic Design Category B (Sec. 1616.6.2) a static seismic calculation is acceptable for
building-structures. This section generally applies to new construction and for NCSX is appropriate for building /
additions or the constructions of walls or the addition of rooms.

V=Cs* W Equation 16-34
Cs=Sds/ (R/ le) Equation 16-35

V isthe Seismic Base Shear

W isthe effective weight of the structure including dead load and other loads aslisted in 1617.4.1
le = Occupancy Importance Factor per section 1616.2 and Table 1604.5, le=1

R = Response modification factor from Table 1617.6

V=(24/R)W

Note:

V need not exceed V =(.057% le* Wp) / (R* T) Equation 16-36
V shall not beless than V =.011* le* Wp Equation 16-37

where T isthe fundamental period of the building (section 1617.4.2.1)

For the vertical distribution of the seismic |oad use Equation 16-41:

Fx=Cvx V

Fx = The base shear at height

Cvx = (Wx Hx) / Sum (W* H) [The ratio of the weight times the height to the total weight times the total height]
Basement Elevation =0

Test Cell Elevation=13'3"

Top of Steel =55’
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4.2 Non Buildings supported by other structures (Section 1621 of |BC 2000 applies)

A static seismic analysis is acceptable for structures supported by other structures (other structures can mean the
building itself) such as piping or HVAC equipment, conduits, cable trays, and pressure vessels. This section is most
appropriate for components and equipment installed in the test cell. This section accounts for the height of the
component in question within the building or structure. If the non building structure weight exceeds the combined
non building structure and building weight by more than 25% than this section does not apply, use section 1622.1.1
(see 4.3) Note NCSX qualifies as Design Category B which allows non building structures supported by other
structuresto be exempt from analysisif they fall within 1p=1 (non-hazar dous equipment) see section 1621.1.1

For hazardous equipment when Ip > 1 use the following
Fp = .4* ap* Sds* Wp* (1+2*z/h) / (Rp/Ip) Equation 16-67

Fp = the seismic force centered at the center of gravity of the component
Wp = component operating weight
a.p = component amplification select from table 1621.2 or 1621.3
For rigid structures whose natural frequency (Fn) isgreater than 16.7 hzuseap=1
(ref. commentary Figure 1621.1.4)
For nonrigid structuresusea.p= 2.5
Fn=1/(2*p(W.p/K.p*g)*.5) Component Natural Frequency (1621.3.2)
g = Acceleration of gravity
K.p = Stiffnes of the component and attachment in terms of load per unit deflection at the center of gravity
Rp = Component response modification factor select from table 1621.2 or 1621.3,

Represents the ability of a component to sustain permanent deformations without losing strength ( = 2.5 for
most components includes steel and copper , = 1.25 for low deformability elements such as ceramic, glass, or
plain concrete)

z = Height in structure above base at point of attachment of component (height above grade)
h = Average roof height of structure relative tothe base elevation

Ip = 1 for non hazardous equipment and 1.5 for hazardous equipment or life safety equipment required to function
after an earthquake, from section 1621.1.6

For NCSX we simplify the equation to :
Fp=.096* a.p* Wp* (1+2*z/h)*Ip / Rp
With Basement Elevation = 0’

Test Cell Elevation=13'3"

Top of Steel =55’

For the Test Cell Floor zh= .24
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Simplified for the Test Cell:
Fp=Sc Ip* Wp
Where Seismic Coefficient Sc Equals:

Low Deformability Rp=1.25 Limited Deformability
Rp=25
Rigid Structures .072
ap=1 (Fn=16.7 hz) 114 (Caculated=.057 but revertsto
min. value)
Non Rigid Structures
ap=15 (Fn<16.7 hz) A71 .085

Adjusting the z/h ration for varying heights and plugging back in to the above equation we ascertain an equation for
mounting equipment at varying heights above the test cell floor.

Where h = the mounting location infeet above the Test Cell Floor
Fp = Sc* Ip* (1+.0246* h)* Wp

Note:
Fp shall be no greater than Fp=.38* Ip* Wp
Fp shall not be less than Fp=.072* Ip* Wp

For most applicationson NCSX Ip=1. Exceptionsinclude equipment or structures which present a physical hazard to
personnel during an earthquake or equipment that holds flammable or explosive materials for which 1p=1.5.

4.3 Buildingswith self supporting structures (supported at grade)

A static seismic analysis is acceptable for self supporting components and equipment such as tanks and vessels.
This section is appropriate for equipment and structures supported at the ground or fastened to the base foundation
(in our case the Test Cell Basement). For equipment, structures or componentsinstalled at elevated levelsrefer to 4.2
“Non Buildings supported by other structures”. If the structure is rigid it is advantageous to use the exceptions
alowed for “Rigid” components to simplify the analysis (see 4.4)

Section 1622.2 of IBC 2000 applies

The basis for this analysis is the same as Section 1617.4.1 (see “4.1" above). It is alowable for self supporting
components to divide the shear force V byl.4 if an “allowable stress’ criteria is being used for acceptance. For
exampleit is acceptable to use V/1.4 if the acceptance criteriais for the stress not to exceed 2/3 yield.

V=Cs* W Equation 16-34
Cs=Sds/ (R/ le) Equation 16-35
V isthe Seismic Base Shear
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W isthe effective weight of the structure including dead load and other loads aslisted in 1617.4.1
| = Importance factor Table 1622.2.5(2)

1=1.00 for low explosion, fire, and physical hazard risk

1=1.25 moderate explosion, fire, and physical hazard risk

I=1.50 high explosion, fire, and physical hazard risk
R = Lesser of Tables 1617.6 and 1622.2.5 but shall not exceed 3

V=(24/R)* I*W
Or
V=(17/R))*I*W when using allowable stresscriteria

Note: V is reduced when the acceptance criteria already accounts for afactor of safety. A higher value for V must be
used if for example the acceptance criteriaisthe yield strength instead of 2/3 yield.

V need not exceed V =057 I*Wp) / (R*T) Equation 16-36
V shall not beless than V=.034*1*Wp Equation 16-75
where T isthe fundamental period of the building (section 1617.4.2.1)

4.4 Rigid Non Building Structures (supported at grade)

For Rigid Non Building structures supported at grade (Test Cell Basement Floor) a simplified static analysis is
allowed. This section is applicable for awide range of components whose stiffness is such that they will not couple
with the low frequency vibrations due to an earthquake. Asaresult the force applied is much lower and dampening
factor R need not be considered. It isallowable for self supporting components to divide the shear force V by1.4 if an
“alowable stress’ criteriais being used for acceptance. For example it is acceptable to use V/1.4 if the acceptance
criteriaisfor the stress not to exceed 2/3 yield.

Section 1622.2.6 of 1BC 2000 applies.

Thefollowing criteriaapply to components whose natural frequency
is greater than 16.7 hz:
V =.3* Sds* W* | Equation 16-77

V = Thetotal design lateral seismic base shear force applied to the non building structure
W = Operating weight
| = Importancefactor Table 1622.2.5(2)

1=1.00 for low explosion, fire, and physical hazard risk

1=1.25 moderate explosion, fire, and physical hazard risk

1=1.50 high explosion, fire, and physical hazard risk

V=.072*I*W

V =.051* I* W when using allowable stresscriteria
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45 Dynamic Analysis

It may be desirable to use a dynamic analysis:
- For components or systems that do not fall into a clear category
When adynamic analysis offersrelief in lower required seismic inputs

(for example if the component does not fall into a well defined category the selection of most conservative
selection of “R” leads to high static base shear inputs)

For complex systems where adynamic analysisis necessary for accurately determining failure modes during
aseismic event.

The following is the IBC 2000 ground level seismic input for the Maximum Considered Earthquake at PPPL with Site
Class Soil considerations taken into account. The input is given with and without 5% dampening. Per DOE STD-
1020-2002 we are to use the 5% dampened seismic input (2/3 Sds and 2/3 Sd1). Section 1618 of IBC 2000 applies. An
amplification factor of (1 + 2* z/h)=1.48 can be applied to interpolate the ground level input to the test cell floor
level. (see section 4.2)

Spectral
Acceleration, g
Period,
Sec MCE 5% Damped MCE
0.00 0.144 0.096
0.05 0.360 0.240
0.20 0.360 0.240
0.24 0.360 0.240
0.30 0.284 0.189
0.40 0.213 0.142
0.50 0.170 0.113
0.60 0.142 0.095
0.70 0.122 0.081
0.80 0.106 0.071
0.90 0.095 0.063
1.00 0.085 0.057
1.10 0.077 0.051
1.20 0.071 0.047
1.30 0.065 0.043
1.40 0.061 0.041
1.50 0.057 0.038
1.60 0.053 0.035
1.70 0.050 0.033
1.80 0.047 0.031
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1.90 0.045 0.030
2.00 0.043 0.029
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Dynamic analysis is always available and should use the ARS from section 4.5 of this memo applied at the base
(ground) level and an amplification factor of ( 1+ 2* z/h)=1.48 (see section 4.2) at the test cell floor level

Spectral Acceleration, g

0.350

0.250

o
N}
8

0.150

0.100

0.050

0.000
0.00

0.20

0.40

MCE and 5% Damped MCE Ground Motion

0.80

1.00

Period, Sec

1.20

140

2.00

——MCE
—#—5% Damped MCE




NCSX-CRIT-SEIS00

APPLICABLE TABLESFROM THE IBC 2000

NCSX Salsmic Requirements

APPENDIX A

s %
&
m (o)
il 091 091 IN ™ ¥ Z i el Saumy paos Ajeoiaua00s asodwody |
dn dm dN dN dM T T z I Tol61 W|[Rm FRIYE 09005 GrE|d AmUpa0
dM dN dy dN ™ 0L 0 i TTo16] . L RN S e panad D
dN dM dN IN N iy L § £T 018l B[R, R SRE00 peasajutal LIRUIRIG g
00l [CIN T IN N [3 T 9 rZolsl ¥[R RS SR05003 peacjuial wisads g
001 0l 091 N N tir - % frl) VAR PRt A[VILRER0D [P AR O
001 [T [T N N 3 I [] fEld TR pROi M[ELEEaan0s [ (Veeds 0
T L) ARME SUN{G 3 SUSnMes Fugsisa
I l;
sl M ol N O £ . . s1) DLILOL SRy P 4|[¥nu09 [0 Y
U] ol ASes SULIT0 T8 SROLSIUON
1
- - 091 e ™ . t s fs1) "Bl UMD Ly Paosg AJ[ImauR0cs pag Y
K IH_..H el g uﬂm_‘n T
di dM 113 ™ ™ [4 mi [4 £ F90EL je—spaund sesus s mps uc.it iy
1+ K[SARd (3308 190,¥] 00T [RIrGSTLY
£ Lt i N N v f ’ (1'¥90ET poosm—sjsund Jaus s S sy i8] N
N dn dN dN N il Thi il 1 TSIT o} S{[Em TeSE Rouosuia ey AaRaipa0) |
AN dN dN 4N T il Uil 3 91T W[ sy sossal Sind pajmed |
dm dn dM [=]] T el T T TIT%IE ;
M dN dN N ™ it LT ENE ¥ 1UI90IT
KR 091 N T CID thi 3 STTRIT
dM dN dN du I il i il 170161 B[R S Han00 .in ,Fﬂie m
dH dN dN dN InN 4 0T i Trolsl SR e 0560 Ewd pajmed d
dh dM dh N N ¥ T oy ELON6] S{[Ran JEoYs 003 PRSlJuI A0 O
091 091 ]l N IN 5 e the Lol Fad [m13ady
[T 091 091 ™ TN i 3 ¥ [EL. 0] RIIRY ATl |3908 AIWUEDLC) W
wd «3 ¥ a Boy | f2'u0iove o @ WOWD3E PELEAS DNUSIETA SOHCDINSIZS JISVE
NOLVIEMmY | ‘HOLIYY . FoMIEEE . m
HOLLYANG@a HLGHEHLE DNNIYLIS0
i “HAAD
C8151 MOLLI3S M OININKSLI0 SV o ABODELYD WALSAS
NOIEH JINSIESE A5 (1304} SHOLLYLIMMT o
m LHDIZH DNIGUNGD ONY SHOLLYLNM RELEAS
SNILEAS DNLLSISIL-IIHO04+INSIEE JISVE HOL SHOLIVY ONY SLNZINEES309 NEMS30
FLLRE ENEvL m

EEREEE IR R

10



NCSX-CRIT-SEIS00

NCSX Salsmic Requirements

nF

[Periad, mec) ML 4,
wnal

TABLE 1817.8

gL i
oot 091 ol M IN g 1 g Al R a———.
dN dN aN T ™ Tt G i = {T] PSSO aiFodmen Nipag 3
dN dN 6] ] 091 T P ] ") TSI RS0 PIUIEE AEnmd siEedwo
dN dN dN N ™ 7 i § w01) SILRL JEICI0W A0S Sepeatan] | |
N N ™ ™ TN T 3 ] (3] BRI WIS S0uIeS [(Wids H |
dN dN dN dN N T T 3 g TR TESWONI HIUCS PIRIGJUET NG )
dN dN N N ™ iy E 3 fg TIRT] 1USEI0N A0S PIAIOJUIal SNTPIULEE] q |
N IN T N ™ ik 3 ] F(§13] TSR] IUILA0W 103000 PIalopal ieds § |
redN| qdN | gst | N ™ i 3 ¥ (D] TR IO (e VR0 0 |
ydN | 00l 091 N N g 3 9 dor .
dN [T} ] N N Ui £ L [EA]
N N N "IN ™ 73 [ ] (3]
[15H]
N | an 5 ™ ™ e 2 e w— = Hn:.“ﬁ...n -
nee spaued (2948 a3ysrund jriraangs
59 59 ] ™ IN 7 7 ) e P g v g i w1
dN dN aH aN ™ Wil T i TT1901E Siem meags Alnoswl wnd AwWpiG 8 |
dN dN dN dM ™ " [TF3 T EUriz ST mwags nose ned peinsd d
FT) ) 7] ] N it T t TT190I S{[Em TGS (IR0l paaunulal ARUTPAD) 1)
dN an T} ™ ™ i e ¥ FITS0IE F{im Mo JIuoiw paaanjired SiNIpeunaIl] g
001 1 [T ™ IN ¥ [T e HREH $jjem seags Luoswm peojuiad (maeds 0
[T
aN | an PO T e we § T p—— s ok
Eoit g
ool | oo o | ™ g "t 9 oD R R ot
001 ] [ ™ ™ LT3 T L] ALy T][Em Saus a1)d 9908 anSOdOT)
dN dN dN N H £ z £ Azl Ry paowiq susdwos AW o
[ 91 [ N ™ ik z 5 ] SILY PTG A[EILIDI03 0T |
wd «l wa a anov | f2wouow oo s MOLLOSS HALELS DHLSISIN-ZOMOFHNSIES HEVE
HOLUVILIMAY | BOLOWY | “INEeiddsos | s
HOWS TS0 HiENIHLS MOV DRI00N DrILS0
TR0 NOU5 W CSNELE0 BV JROOANS | — | T
NDISE0 NGRS A8 (L3340 sNOWY.LNN
LHEIEH DN ONY SNOLLY.LME NALSLS

SAEALEAS DNLLSISIH-3OH0-NSIIE IEVE HOd SHOLIVY ONY BLNSIDIESI0D NDIS3a

PeNURUOD— L 181 TTEVL

2000 INTERMATIONAL BUILDING CODE®

11



NCSX-CRIT-SEIS00

NCSX Salsmic Requirements

STRUCTURAL DESIGN

TABLE 16176

pomgres)
dN | dN | N | ™ i the s B0 | i e e,
di | dN | 4N N N i T ¥ i) ]
dM | 00l 091 I ™ o L B aell [ D
dM | dN dM N | 1™ Uik [3 [ ¥l F[eA TEIGY JUCHR PIaICUTal SPRpeLEn]
dN | AN | 4N 91 ™ T i £ TITSIL S{[m mans AIDORRI posuisd AUNUIPAD) o
dN | dN | aN ™ ™ ik O thi €T 0161 R TEIGE 05000 PIasjufl LR 0]
001 | 001 | o9l N ™ 5 i ] ¥L 0161 T IS FRUI000 PRaljulal [Heds )
| 4N | ool ] N N Y (753 [3 fril R paTnig {[eounusouny (9908 Lvmpg g
aN | W01 | 09l N N 3 T ] iy RO peoi A|TNIUREI000 (9318 TRSIE Y
] yeIwoly AR praLau] i sl eag g
dM | dN dh T N g £ Ll Nt B[R S AU PIRIOjlal aEIpRLLEG]
N | IN | N N —IN L] i L STT9IL 1
=l
dN [an | an | ™ ™ 9 "t L R T T T — e S
. = 3 L
™| | N | ™ N o 0 8 o0 R SO S ke St 1
O B T T N T Tt ] 4L SR o el et Iveoiins) 1
N | N | M ™ N 3 T ] " 7)) SR RS 4w ET H
CEECHEET N N ¥ L F] el T pare A|[EIR0eaes M) 0
aN | 4N dM N N ] Uit L ETol6l H[E R SRII003 PIAS0JUI ABUIRD o
N | N | 1IN N N ) it ] ¥LUIBI B[l S0 SIAIT000 pelCj Ul [Weds 3
| N | TN TN I IN 5 L ] ) SIEmy paaeiq K[EaLaan0s (2as DNuipig
IN | TH | N N N e The ] Al TR paous] NEOLOuEoas [l (Waedg |
: - S Wy Aoae rECns 1 Eonssanss Yameea
TN | IN N ™ N ¥ LT L . .1.2... -3ty sy pasesq A|ESLIUSIS (g g
: : : ARE FUETYOD 18 PRSI0
W w W | W | W v "t 8 61 | it s vOwit Al e e
ERinL] JUBmOfy [SRHIS Gl SEaLisg Eng ¥
ad | @ il 2 ey o2 HOLIYA oo i NOLLOFE WRLEAS DHNUSEIH-FIE0IDINSIES DISVE
NOLLY DMl ‘WOLYE LNEI kA BOO Ea e PEEE ]
HOLLOENE30 HLOMILE HOLLYDI00m DHMIYLI0
=HaAD FAEMOAETE
EELRL NOLLDES NI O3MIMEIL S0 §Y SAB003IYD WALELE
WENEIO NEIEIE A8 (13340 BNOLLYLINM
AHOEH DRIOWE OMY SNOLIVLINGD WALSAS

SNALEAS DHLLSISIH-IIH04-DINSIES JISVE HOd SHOLDYY ONY BLNEIHEI 00 NENS3D
PONULO0—g"L LB L ITEVL

.........




NCSX-CRIT-SEIS00

NCSX Salsmic Requirements

I 4

TABLE 1817.8

EUE USRS BIE 10V 1
BQUTE UMOeS ) U Mg 5TV Y
USSR ' M 0 | Ly St S5y |

3 v i sesellany ufimag sesieeg w sueg areip

VL O 3| w0 pavm 9 o0 penynmuad B sy pusta i

VR 4 53] 091 0 RS W v eunpieng oy pasiuy vusarsds Surpying aog | Py L9 uomes mg B
T 0T orT o vl v g slurping o pavis] misapsds Buipimg po nomdissesn v i) I'¥¥ Li9] uDmses sog p
= A

PomuLiad 00 = o] PUN PRI 08 = TH 3

¥ sty voestgydare uorsegag

“moyfnang am s0) 'y uogee U IO suadsay v

SO GLH0TD = 1o0) anmbs sad punod | ‘unm §'p(E = w00y | 1|5 sy

ERIEL HOLITS W OBMMUELE0 B SABODRIVD
NS0 INSES A8 (LI SNCLYLMN

SEH—28Iv
dd | 4N AN N IN 3 £ £ ol
a4 T—081v AIUTEELL Ui
QSV—0SIV | 1e) parmap Kpeaypads jou suEaeds s prangsag |
™| ™ ™ I ™ il 2 [T iz SR RISOW 2600 Peasnjulal eReds [
di | dN | an N N e z " A1) SHERY IO [ R
N | N N N N thT z T &) SIURY (9l (3 weedy g
8 | st 13 N ™ [TF z T SUSSAT UNR|00 PRISASINN)
SHHAS WANPUIY Pajaaal] 9
i B[R B 220000 PEAnHIL
dN | dN dN dN N 4 T thE . ﬂ_ il ASBUIRS DU SULEL IUPLIOW 30T Pasy
e AIRUIRI0 1t wsareAs 34moes10 JuImy-fjum g T
wd -] o - gy :ﬂ.—w;ﬁu&; o o ol WOULD3E FALEAS DNLLSIS 30 4-DIWSRS JEVE
HOWY 430 HADMIHLE | NOWY-RA00M CHIMWYLSa

THAAD | FENOJEIM

Eﬂzgﬁgngggﬁnu11ggg

PenUnUoS—g'/ LBL TTEVL

:
m
m
g

13



NCSX Seismic Requirements NCSX-CRIT-SEIS00

TABLE 1621.2

|
TABLE 1&31.2 |
. AHI_:_PH_TECTUH-IE C'D"IIF_DEENTE CDEF[*CI'E HTL - o - I

CORAPTEHENT |  COMPOHNENT RESPOMAE

AMPLIFICATION W DIFIC TGN | |
ARCHITECTURAL COMPONENT OR ELEMENT ... .. '

Ficsertor nonstructural walls an pantitions (sce siso Section 1621.2.7) S . ] I
Plain {unseinforced) masonsy walls | 15 l 125 I I
b, Other walls and partilions — — — _I_ 1o 1 R - | |

Cantilever elefments {umbraced or braced _:_uﬂ-umlrim below iis eanter of nlur.s:; i i

Parapets and cantilever iMenor nonstscaral walls — e R | 1.5 g _[_ BN - !
Chimneys and stacks when Luerally braced or supported by the structural {rame | - 2% e _23 | ' !
FCantibever el (beaoed o structural frame abowe 13 center of mass] 4 . ] i
o Pamapets =~ _ - - e __Ir 1O [ 15 |
b, Chimneys and siscks - . - . o e [ 13 _| |
Exterior nonstruciural walls 1.0 | 25 |

Esterior nonstracrural wall elements and connections (se slso Section 1620.2.3) )
Wall element .o 1.3 |
*b._Body of wall panel connections 5

€. Fasteners of the connecting syslem — - M = 1.2 1 T
Venees - - o o - P — N S
& Limsbed d.:l'u_rm:hllllelzrrrnh Er.ul wtachmends |_ (i} o | 25
b. Low deformability elemenis or attachmerts - . ! _ 10 . - |
Pemthouies (except when framed by an extension of the building frame) — __ 25 N N —
Crilings (see aleo Section 1620.2.5) = = S i 7 R - S
Cahiret
= g = = R e e e i
_& Storupe cabinets and Isboratory equipment <o 10 SRR, - ST,
Access floors (see also Section 1621.26) g e P =]
8. Special acoess floors {designed in sccondance with Section 1621 2.6.1) | S, A s
b Allother R + I ol
Ppendages wnd omamentations | -~ S S - S
Siges and billboards P 25 ] 13
Onber rigid components e - i S 04 i
&_High deformability elements and atfachments = R 10 l_ 5
b Limited deformability elements and stachments TN | N L
€._Low deformability materials and anschments o R 1.0 | g 1.25
Onher flexibile companents _ - e . - )
& High deformabiliry elemers and anachments e X | 1.0 15
b. Limiled deformability elements and aitachmens _ . 1 25 _ J - -
¢, Low deformability materials and sttachmenss I T | I ]

Lk

i Pstifica] by clenmibed dynamic asalyses, o lwer vales for a, 18 permmited, et shall not be less than | The reduced value of o, shall be between 1.5, sasigred 1o

or fexibly atinched equipment, and 1, iaigned 1 rgid oo righdly attached squipmesd |

14
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STRUCTURAL DESIGH TABLE 18213 - 1821.3.4
TABLE 1621.3
MECHAMICAL AND ELECTRICAL COMPONENTS COEFRICIENTS
e MECHANICAL AND ELECTRICAL COMPONENT Of ELEMENT
[ Componan Componani
Factar Miglificariicn Facior
fcam laap g
1. General mechsmcal
. Boibers and lamaces L 1.0 FE]
b Pressure vessels on siins and free-standing 2.5 15
€. Sincks 13 13
d_Cunibewered chimneys 15 2%
B & Oither e 10 i3 5
Lk £ g and process machanery
. Gremernl 1.9 15
E— £ 23
3. Prping rysiems
i e ity glerments mnd EtEchmots 1.8 35
b Limited deformability ek nd afischments L0 23
&. Low deformubility clements of mischments 1] 134
| LIWAC e sputpuinnt
& Vibreton isolsied 1.3 1.5
§ b. Moenibestion isolsted LD 23
’ ¢ Moanied infine with ductwork Lo 23
; d. Other ] i3
¥ 3. [Elevator comgoments 1.0 15
5 6. Escabmor comp . i0 FY
s 7. Trussed towery {free-standing or guyed) 15 23
; 8. General chectrical
& Dénribisted sysems (bus ducts, oonduit, cable tray) 1.0 15
b Equipment 1.0 23

& Whors jsfed by demied dylese malyed, lmmugummﬂuhhh|.rhr-u|nh-|,-nbu—u-p-num-
*I“ﬂﬂmul:m-m.m!ﬂm

where: . compriging the means of attachment. Such supports

g = Accelerstion of gravity in inches'sec? {mm/s?). " inclade, but are not limited to, stroctural members, braces,

K, = GStiffness of resilient support system of the compo-
nent and attachment, determined in terms of load
per unit deflection at the center of gravity of the
component.

T, = Component fundamental period.

W, = Component operating weight.

Alternatively, the fundamental period of the compo-
nent in seconds, T, shall be determined from experimen-
tal test data or by analysis.

1621.3.3 Mechanical and electrical compopent attach-
ments. The stiffness of mechanical and electrical compo-
nent attachments shall be designed such that the load path
for the component performs its intended function.

1621.3.4 Component supporte. Mechanical and elactri-
cal component supponts and the means by which they are
attached 1o the component shall be designed for the fosces
determined in Section 1621.1.4 and in conformance with
the requiremenis of this code applying to the materials

2000 INTERNATIONAL BUILDING cODE®

frames, skirts, legs, saddles, pedestals, cables, guys, stays,
srubbers and tethers, Component supports are permitied to
be forged or cast as & part of the mechanical or electrical
component.  If standand or proprictary supports mre used,
they shall be designed by elther load rating (Le., testing) or
fior the calculated seismic forces. The stiffness of the sup-
port shall be designed such that the seismic load path for the
companent performs it intended function.

Component supports shall be designed to accommo-
date the seismic relative displacements between points of
support determined in sccordamce with Section 1621.2.5,

The means by which supports are ittached to the compo-
nent, except when integral {ie., cast or forged), shall be
designed to sccommodaie both the forces nd dsplacements
determined in accordance with Sections 1621.1.4 and
1621.1.5. fthe value of [, = 1.5 for the component, the local
region of the support attachment point to the component shall
be designed to resist the effect of the load transfer on the
component wall.

15



NCSX Salsmic Requirements NCSX-CRIT-SEIS00

Fr 1 ] i Ik ==al
TABLE 18222 §1)
TABLE 1822 2.5{1)
SEISMIC COEFPICIENTS FOR HONBLUILDING STRUCTURES
fwaporss | Syimem | Dsfecton Wmmj
cctfcation | Dvar-Sirangpll | Al Pkl ]
Cosffictnt | Fuotor Facior Saction 1M
BLELEWNG STRUCTURE TYPE " B (-9 m I I Eor
1. Monbuilding frame
. Cimeendric bt rame of sisel T ML ML ML ML
b il concentric braced frames of sicel HL ML ML ML
T Mommersfesiteng frene sysemm, ey
n Special moment frames of steel HL HL ML ML
. Owdinery moment fremes of steel See Table HL KL 50 50
<. Special frames of 16176 HL ML ML HL
. Intermeediste momend frames of concnete ML ML 0 50
| 3. Crdinary momeni frames of concress HL i HF NP
4_Sieel morsge mecks_ 4 ] 1 NL ML ML ML
5. Ebevmied tanks, vestels, bins or hoppers®
n Cn braced kegs 3 2 FL] ML ML HL HL
b O ik logn 3 ki F L] ML ML WL ML
c. Imeguaer bemced legs single pedestal or skin supported 2 ] 2 L ML WL ML
. Weldied sieed i F 1 ML ML ML ML
& Concreie 3 2 1 HL Hi. ML ML
& anddle welded ol vesacls 3 2 I ML ML HL HL
T :—humwummm 3 P 3 .N.LI ML WL ML
lﬁsmmmmum:
& Anchored (welded or bolted steel} 3 2 FL HL HL ML ML
b, Lnasschwored (welded oo balied sieel) 2z k] 2 HL ML ML ML
% Reinforoad o previressed conerese:
. Toenks writh reimforced nonsliding base 2 1 1 ML ML ML ML
b Tanky with anchored flexible base 3 2 F ML HNL HL ML
1. Tanks with uwnanchored and unconstramed:
& Flexible base 1 L 11f2 ML MWL ML ML
B Cber material 1z 1'fa 14a WL ML HL HL
1. conkTele silos, Slacks and G ha!

E'i"l'l‘“"'_“ - cnmncys haing 3 1y 1 ML ML ML ML
12, Cnher reindorced masonry structures 3 1 2 HL ML 50 E
13, Otfer nommimfioroed masonry stnactures 1iia 2 1% ML 50 50 0
14 Other el wd reinforced concrete datributed mads g

cantilover ol d herein mchuding stacks, 3 & = h HL ML ML HL

e o
15 Lrﬂlmtmﬂmmﬁ: 3 3 2 HL ML ML ML
1§ Cooling owers:
u Concrew or sieel M 1%a 3 HL HL nL NL
b, Wosod frame Iy ] 3 HL HL o u
17T Telocommenication towery
a Trss:  Siecl 1 " 3 HL WL NL HL
b. Pole:  Swel 1My (L] 1A WL ML ML HL
Woosd (L 113 1 ML ML ML HL
Concrele 1 1y L] HL ML NL HL
€. Frame: Shel 3 1y 1" ML ML KL ML
Wood h 12 1z HL HL HL ML
i 2 11 14 HL ML ML NL___|
|_1h._Amuscment structurcs and monuments F] 1 2 HL WL L ML
_1%. lmvered pendibum-type structures (not clevaed tank P 3 1 i HL HL NL ML
0. Signs wnd billboards 3h 1 3 ML ML HL KL
21, Onher self-suppeonting siuctures, tanks o vessels nol

syt g I 2 b1 ML 50 50 0
For 51 | fioot = 304§ mm
ML = M fimi

WP = Mol permitted.

g -fype wir e, including Shose with irregularities {see Section 16165 for defimition of irregular sifsctores) shall comply
with the requiresnents of Section 1617.6.3 for Seismic Design Category F strachares,
b Ligha pests, moplight, o
& Abore bms

kL 2000 INTERMATIOMAL BUILEXNG
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