NCSX
Specification

Seismic Requirementsfor NCSX

NCSX-CRIT-SEIS-00

27 Oct. 2004

Digitally signed by Michael Kalish

? M i C h ae I Kal iS h CD=I\ILj§n:MichaeI Kalish, 0=NCSX,

Signature Not Verified Date: 2004.11.19 09:52:54 -05'00'

Prepared by:
M. Kalish Digitally signed by Bob Parsells
e, DOD Parsells B e
R. Parsdls Digitally signed by Wayne Reiersen

Wayne Reiersen  reonivlos women
Concur: Date: 2004.11.24 09:56:32 -05'00
W. Reiersen, Engineerirkar,\Manager ~004.11.15
Concur- ~/ Jerry Levine 14:43:30 -0500"
1 Levine, ES&H . Digitally signed by Hutch Neilson
rooveany._10tCh Neilson B Bhos oot o oo T

G. H. Neilson, NCSX Project Manager

Controlled Document

Thisis a controlled document. Check the NCSX Engineering Web prior to use to assure that this document is current.




NCSX Seismic Requirements NCSX-CRIT-SEIS00

Record of Revisions

Revision Date ECP Description of Change

Rev.0 10/27/2004 - Initial Issue



NCSX Saismic Requirements NCSX-CRIT-SEIS00

TABLE OF CONTENTS

S oo 13PTSR 1
2 APPIiCADIE DOCUMENTS......cucviecreeeiriieeseieess et ses e sese s es st 1
G U010 =Y /OO 1
31 SIMPlTIE SEBIC ANAIYSIS ..ottt sb et a b a s se R bbb s ee b e st eb st 1

Detailed PPPL COUEINTEN PIELALION ......c.icierieereeecireseeeeis et esesessss et ss s bbb s e b st bes s bt es e i b ee e aes 3
41 Structures (Buildings) (Section 1617.4 of IBC 2000 @DPII€S).....c.vcuceeurireerrireeie e sessssietsssssessessss e ssssssssssssssssessssenes 4
42 Non Buildings supported by other structures (Section 1621 of IBC 2000 appPli€S)......cccoverrererrereeeerrereereenenessesnenes 5
43 Buildings with self supporting structures (SUPPOrted at grade).........ccevrerrerreeeereresesenessseessesesseessesesssssssssssessees 6
44 Rigid Non Building Structures (SUPPOred at Grate) .......occrreceerrirerierererereseresessssesssessssssssessssssssesssssesssssssssssssssssessees 7
45 DYNAMIC ANAIYSIS .ouveetieetieieiresee s see sttt b e b e s bbbt 7
Appendix A — Applicable tablesfrom the IBC 2000..........corieieieeieresrsese s ssese s s ssesssseens 10



NCSX Saismic Requirements NCSX-CRIT-SEIS00

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
componentsinthe 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 isrequired 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 aresult 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 a threat 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 ahazard 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 (equipment mounted to the floor
with no potential of falling on and injuring an employeeis one example) no seismic analysisis required.

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 operability 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 thereisaquestion 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% The mapped 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

4.5 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=3Sds/ (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 1e* Wp) / (R*T) Equation 16-36
V shall not be less 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 load 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) is greater 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 interms 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 comp onents 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 to the 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* ap* 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 =S¢ Ip* Wp
Where Seismic Coefficient Sc Equals:

Low Deformability Rp=1.25 Limited Deformability
Rp=2.5
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) 171 .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 [p=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
(inour 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 isrigid it is advantageous to use the exceptions
allowed 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

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)
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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

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 accountsfor afactor of safety. A higher valuefor 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* I*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. As aresult the force applied is much lower and dampening
factor R need not be considered. It isallowable for self supporting componentsto divide the shear forceV byl.4if an
“allowable 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 IBC 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
| = 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

I1=1.50 high explosion, fire, and physical hazard risk

V =.072* I*W
V =.051* I* W when using allowable stresscriteria
4.5 Dynamic Analysis

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

7
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(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
1.90 0.045 0.030
2.00 0.043 0.029
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MCE and 5% Damped MCE Ground Motion
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TABLE 1621.2

TABLE 16212 l
ARCHITECTURAL COMPONENTS COEFFICIENTS |

COMPOHENT | COMPONENT RESPOMSE
AMPLIFICATION | MODIFICATION |
ARCHITECTURAL COMPOMENT ORELEMENT |  FACTOR&t o '
Fioserior nonstructural walls an panitions (sce siso Section 1621.2.7) e — 1 !
Plain {unseinforced) masonsy walls ] o l 125 I | |
b mh'-ﬂlh mld Ailiong . — — — _L = _El 1 —= 2.5_ | | |
Cantilever elements {unbraced or biaced F_ﬁ&wlula”im I“C_ll.'l_'k'll\ canber off mu.-\.s:; = T
P-Eﬁ .._p_j cantilever sMenor m_miwmraﬂis — L R | i _[_ e 25 5 }
Chimneys and stacks when Luerally braced of supported by the structural frame | 15 15 | I !
P Canilever el braoed 1o l{r‘l.l-l:‘:l..ra_t Trama al:i'-'t s center af rl'lﬂl-'!;l_ . o ] I'
b Paapes S w | 25 i
b, Chimneys and siscks - . __ . B e 1l 18 _| |
Bxterior sonstroctoralwalls 10 | 25 |
[ Esterior nonsiraciural wall elemends and connections (see also Section 1621.2.3) ] |
Wall element 1.0 | 13 !
¥b. Bady of wall panel connections iy = s I 18 = 25 £
€. Fasteners of the connecting syslem i - — . | L2 1 el
Weneer ) ) . o .8 _ - - . 1
& Linsied d.:l'n_rm:hllllL:I:rrrnh Er.ul witachmends |_ (1] = | 2.5
b. Low deformability elements or attachmests _ | _10 ol — :
Pestbuuses (except when framed by an catension of e buldingfame) {35 | 35
Ceillngs (see also Section 1620.25) = B | ) SRS |
Cabire
e = £ e e e i S |
8 Stompe cabinets and [sboratory equipment E=s e = | 1.0 | - 15 S
Access Mloars (see also Section 16212 6) gt oo s R T
8. Special acoess floors (designed in sccordance with Section 1621.26.1) | . S (N - 1 |
b Allcther R + — . ]
ppendages and omamentations | = S N S—
sdbillbogrds 25 = -
Ouber rigid components e . e mmoeE ol ot e D o
& _High deformability ¢lements and aitachments s e | 10 l_ X
b Limited deformability elements and siachments NS N . .
£:_Low deformability materials and atichments ooy R £ [ s
ﬂl'_itr_ﬂtn_mim_mpqnenu - - e " 2 -
& High deformabiliny elements and anachments s ) | 1.0 35 i
b. Limiled deformability elements and aitachmems - - 1 23 _ J -
€. Low deformability materiatsandatachmenss | 25 T

: .l. . mmhdﬂhﬂ dynaimiie dadleed, i Waer valod for o permsited, bel shall nol be ki than | The feducnd valiae l.llnp shall be briween 1.5, assigred 1o
- or flexibly atinched equipment, and 1, assigned 1o rigid o rigidly attached squipmesd |

14
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STRUCTURAL DESIGH TABLE 1621.3 - 1821.3.4
TABLE 1621.3
MECHAMNICAL AND ELECTRICAL COMPONENTS COEFFICIENTS
E MECHANICAL AND ELECTRICAL COMPONENT 08 ELEMENT
Componant Componant
Faotar Bhofimicaticn Facior
— (s Ap
1. General mecharacal
w Boibers and Namaces L 1.0 FE ]
b Pressure vessels on siins and free-standing 1.5 15
e Sincks 1.5 13
d. Castibewered chimneys 15 23
N & Other e 10 13 .
2k £ _.ﬂpmmw‘,
& Gemeral 1.0 15
B— e ] ] 25
3. Peping 5y
1 e ity glements mnd SEchmonts 1.8 35
b Limited deformability eh and atachments 1.0 FI
&. Low deformability clements o mimchments 10 134
|4 HVAC sysem squipment
& Vibrmieon isolsied 1.3 1.5
3 b. Noenibestion isolsted 10 FE;
. ¢ Moamied inrLine with duchwork Lo 13
; d. Other 1.0 25
¥ 5. Elevaior components 1.0 15
¥ 6. Escabuior comp . 1.0 23
E 7. Trussed krwers {free-standing or guyed) 15 F1 ]
; i General electrical
i Déstributed oy (bus ducts, conduil, cable ki) L 15
& Equipmeni 1o 23

™ '—_MH“M“lnﬂﬂhhmwuﬂhhhI.ﬁm“-l'uhmu*-h
*Ilﬂﬁﬂlmh_.ﬂl:ﬂ-dhﬁﬂ.wrwm
where: . compriging the means of attachment. Such supports

£ = Acceleration of gravity in inches'sec? {mm/s?). % inclede, but are not lmited to, stroctural members, braces,

K, = Stiffness of resilient support system of the compo-
nent and attachment, determined in terms of load
per unit deflection at the conter 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 component aitach-

ments. The stiffncss of mechanical and electrical compo-

nent attachments shall be designed such that the load path
for the component performs its intended fanction.

162134 Component supporte. Mechanical and elactri-
cal component supponts and the means by which they are
sitached io the component shall be designed for the forces
determined in Section 1621.1.4 and in conformance with
the requirements of this code applying to the materials

2000 INTERNATIONAL BUILDING CODEY

frames, skirts, legs, saddles, pedestals, cables, guys, stays,
snubbers and tethers. Component supports are permitied to
be forged or cast ax & part of the mechanical or electrical
component.  [f standand or proprietary supports mre used,
they shall be designed by either load rating (.., testing) or
for 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.

Componient 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 sttached to the compo-
nant, except when integral (Le., cast or forged), shall be
designed io acoommuodate both the forces end displacements
determined in accordance with Sections 1621.1.4 and
1621.1.5. If the value of [, = 1.5 for the component, the local
region of the suppart attachment point to the component shall
be designed to resist the effect of the load transfer on the
component wall,

15
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L A | I i . ==l
TABLE 16222 81)
TABLE 1822 2.5(1)
SEISMIC COEFFICIENTS FOR STRUCTURES
Pemporms | Sy | Defection __E%WM__:
Mcoicgtion | O Siranglll | Al Foaion. [
Cosicwnt | Factor Facior Saction M
AN B EWE STRUGTURE TYPE. " [+ [ L] I I Eo
|- Monbuilding freme systems.
& Comtentric braced framse of sisel e ML ML ML ML
b Special concrntric braced frames of stocl HL ML ML ML
1 Momcrd-fesstang wyIe:
& Special moment frames of steel HL ML ML ML
b Owddinmry moment fremes of sieel See Tabils HL KL 50 L]
<. Specisl moment frames of concrele 18176 ML ML ML ML
o, Intermeediate momend frames of concrete ML ML 50 50
1 mamen frene uf concress ML i HF HF
4,_Sieel porage recky 4 2 1h ML ML ML HL
3, Elewated tanks, vestels, bins or hoppers
n On braced kg | 2 Fol] ML ML HL HL
b On ombreced legs 3 ki b1 ] ML WL WL ML
c. lreguder brmced legs single pedestal or skin supported 2 2 1 ML ML KL ML
. Welded sieed i F i ML HL HL ML
= Concreie ] 1 2 HL M ML ML
& anddle welded seel veasels 3 ] 1 ML ML HL ML
T :—huwmﬂm Noweers simmilar 3 3 3 NL. ML L ML
lﬁmmwmum:
. Anchored (welded or bolbed steel) 3 2 1 NL KL NL ML
b, Unaschored (welded or balied sieel) FL ) F 2 HL HL ML WL
% Rewnforoed o previressed conerste
. Tunkcs with reinforced nonsliding base 2 ] 2 ML KL NL NL
. Tanky with Flexibie 3 1 2 ML ML ML ML
10, Tanks with unamchored and uncomstramed: =
& Flexible base i L 1 ML ML ML ML
. ey naterial 142 12 14 MWL ML ML HL
1L concreln silos, Fiacks and ci haw
E:"I:h‘"_" o himneys having 3 134 1 NL ML ML ML
12 Other reindoroed masonry structures 3 i 2 HL ML ) ]
13, Other nonmimfionoed masonry stnactures 14 ! 14 _HL_ 50 50 50
14, Dtheer sivel amd renforced conorete desiributed massy ;
cantilewer Bl d herein inchuding stacks, 3 I = kL ML ML NL HL
: g ki 2
15 T-‘fﬂlhﬂtm:rmmﬂ: 3 3 3y HL ML ML ML
1§ Cooling owers:
u Conerese or sisel e 1%a 3 HL HL AL NL
b Wiood fraene 3 ) 3 ML ML b b
17, Telocommamication owers
o Tres  Sieed 3 i 3 HNL ML NL ML
b Pole:  Siwel 1 W4 1 14 WL ML ML HL
Wood 1Y 13 12 ML ML ML HL
Cencrele 1 1z 14 HL ML NL KL
c. Frame: Sagel 3 1" 1 WL WL NL ML
Wood h 12 1y HL ML ML ML
i 2 I 14 ML ML HL NL___|
|_IE Ammsement sructures snd msenumests 2 F] ] HNL WL ML ML
1% lmvened pendubam-type structures (nof clevated nk 2 i i HL, HL HL HL
20, Signs wnd billboards h 14 k] ML ML HL MWL
11, Oaher self-supponing swuctures, tanks of vessels nol
by ng s 3 b1 ML 50 50 ]
For 51 | fipot = 304 & mm
ML = Mo bimit
NP = Mol permitied.

-y S =, inedh "_MHW{EWIHE!HM&MM]HIM
with he requireenenis of Secoon 1617.6.3 for Seismic Deaign Category F strachares.
b Light posts, mopdight, e
& Aboree beis.

k- 2000 INTERNATIOMAL BUILDING
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