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(ENG-032)

Purpose of Calculation: (Define why the calculation is being performed.)

Calculate the response of the NSTX upgrade to a a seismic event and qualify the NSTX upgrade tokamak to
the standards set for the project by the DOE . Stress levels will be reported for inclusion in other calculations
addressing specific components. Where seismic stress levels are significant and a where they are the primary
loading of the component, for example, the lateral braces, their adequacy will be addressed in this calculation.
References (List any source of design information including computer program titles and revision levels.)

-See the reference list in the body of the calculation

Assumptions (Identify all assumptions made as part of this calculation.)

Only the tokamak and it's major structural components is included in this calculation. Peripheral support
systems, neutral beams, SF6 tanks are assumed qualified in the original seismic analyses of the initial
installation of NSTX. 0% damping is assumed although the 5% damped response curve would be more
consistent with the tokamak assembly with insulation , instrumentation and many bolted connections.Vertical
excitation is not considered. The first vertical frequency of significance is at 26 hz (mode 8) , away from the
peak of the vertical building response.

Calculation (Calculation is either documented here or attached)

Attached in the body of the calculation

Conclusion (Specify whether or not the purpose of the calculation was accomplished.)

NSTX is structurally adequate to survive a prescribed seismic event, with minor modifications to improve the
shear load capability of the angled braces concrete anchors

Cognizant Engineer’s printed name, signature, and date

Peter Titus

I have reviewed this calculation and, to my professional satisfaction, it is properly performed and correct.
Checker’s printed name, signature, and date

Fred Dahlgren
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2.0 Executive Summary:

NSTX is structurally adequate to survive a prescribed seismic event, with minor
modifications to improve the shear load capability of the angled brace concrete anchors.
Most components of NSTX are lightly loaded during an earthquake.

At the PDR, only a static analysis of the NSTX global model had been done. This is
conservative with respect to the original NSTX seismic analysis which was a static
overturning analysis. In the PDR analysis of the global model, .5 g's lateral were applied
vs. . the original .135g requirement. The high acceleration was partially intended to
address unknown masses (essentially diagnostics) not included in the global model. The
appropriateness of this assumption is born out by the global reactions, tabulated below
which show a more rigorous response spectra analysis is more severe than a .5g static
evaluation. Coil Stresses are small due to a seismic event. These can be ignored in the
evaluation of coil stresses.

. Analysis results show the outboard braces as limiting. A shear design capacity of 13000
Ibs and a tensile capacity of 9000lbs is recommended

Global Model Used for
Seismic Analysis

Global Reaction Summations

FX Sum (N) FY Sum (vert)(N) Fz
Static Analysis .3581e6 (.59) .715e6 0
Modal Analysis .916e6 2.42e6 .913e6
Hilti Drop-In Hilti HDI Concrete Flush Anchor Tests l
‘ c’::w:"“ ::N: :;‘:"‘ 2000 psi Concrete 4000 psi Concrete 6000 psi Concrete
o o e AnchorSize | Tension Shear Tension Shear Tension Shear
HDI - *4 1904 1738 2251 1781 3075 3050
'\_._ HDI-3/8 [3174 3970 1942 4225 5650 5900
\/ HDI-12 | 3997 3873 6751 6224 10200 9350
HDI-58 | 3549 8883 9696 12205 10400 13600
HDI-3/4 | 8857 15195 16034 17609 16400 21200

Allowable Design Loads are % these Values, i.e. a F.S. of 4 is recommended

A shear design capacity of 13000 Ibs and a tensile capacity of 9000Ibs is
recommended.
For shear, use 13000/6224*4 = 8 2 “ Hiltis, For Tension use 9000/6751*4=5 V2 “Hilties
13 %2 “ Hiltis Total per Leg
-or For shear use 13000/9696*4 = 4 5/8 Hiltis, for Tension use 4 5/8 Hiltis
Or 8 5/8 Hilti's Total per Leg
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[ i

.59 + deadweight Static Analysis Response Spectra Modal Analyéis

Two types of analysis were performed, both based on the global analysis model - Ref [8]

MODE FREQUENCY DAMPING SV MODE COEF.
1 7552 00000 7.0560  -0.2180
2 7737 0.0000 7.0560  -0.5650
3 7892 00000 7.0560  0.4051
4 1911 00000 7.0560 0.4360E-01 orsshoseinforcementencapsiae
5 1946  0.0000 7.0560  -0.1304E-01 Y
6 2389 00000 63763  -0.5626E-02 sectned renorcmmrt o th et
7 2394 00000 63687  -0.3525E-02
8 2601 00000 6.0761  0.1780E-02

Ry

1 31.03 0.0000 5.4951 0.5901E-03
13 32.82 0.0000 5.3223 0.1096E-02

2.2 Digital Coil Protection System 0

No input to the DCPS is required for seismic qualification. A seismic event of the Brace Feet.
cannot be anticipated or mitigated by the DCPS.

Horseshoe bracing needed at Four

2.3 Introduction

Seismic analysis and qualification of NSTX is presented. DOE requirements as outlined in DOE-STD-1020-2002
are followed for determination of the necessity for seismic qualification of NSTX and its related systems. This
calculation only addresses the tokamak. IBC-2000 is followed for the qualification requirements. The tokamak
presents minimal occupational hazards and hazards to the public. The qualification effort is intended to preserve the
viability of continuing the experiment after an earthquake, and to explore the sensitivity of the design to dynamic
loading from sources other than normal operation. Both static analysis and a response spectra modal analysis have
been employed. The model is the global model used to qualify components of the upgrade. The major structural
components of the tokamak are the vessel, pedestal, support columns and their angled braces.

The centerstack is well connected to the vessel structure through the lid/spoke assemblies on top and bottom.
Compared with other tokamaks, the structural elements are not as robust because of the larger plasma volume and
lower field used in the experiment. However, NSTX has no superconducting coils requiring weak thermal and thus
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weak structural connection to the ground. NSTX support columns are robust, and angled braces were added during
the initial evaluation of seismic loads.

This analysis is an update of that original qualification, reference [1] , NSTX SEISMIC DESIGN ANALYSIS
REPORT, 71-990611-JHC-01, Revision 00,June 11, 1999, Prepared By: James H. Chrzanowski, Douglas G.
Loesser, Mike Kalish, Bob Parsells. This earlier calculation was a static analysis assessment of the overturning
moment from the lateral seismic acceleration. In this calculation a lateral acceleration was applied to the global
analysis model. In addition, a response spectra modal analysis was performed.

In the modal analysis, the lowest translational mode is mode 3 at 7.9 cps. Entering the 5% damped ARS at a
period of .126 yields the an acceleration in the broadened resonant peak of .24 g's which is scaled by 2 to .48 g's.
This is similar to the static acceleration assumed at the PDR . The damped ARS is used because the complex
appendages on the outside of the tokamak are expected to add significant damping. The only significant structural
issue is the shear restraint at the angled braces. These were added to provide additional lateral stability against
overturning moments. The original hand-overturning analysis assumed a rigid structure. The analyses described in
this report are based on a detailed structural analysis that models all the appropriate flexibilities and the load
distributions that result. Model analysis produces similar lateral acceleration to the assumed static acceleration, but
the loads at the braces are very different. The modal results in section 9.8 show a peak shear load of about 13000 Ibs,
and the static results reported in section 8.2 are similar. Global reaction forces are more than twice the static reacton.

Development of the minimum static seismic acceleration

Fp=Z1CpWP = 0.135 Wp

Where:

Fp = lateral seismic forces

Z = a seismic zone factor.

I = an importance factor.

Cp = a horizontal force factor.

Wp = the weight of element or component
“Z” seismic zone factor: was determined
USing table 3 Of DOE-STD-1024-92 - - [14]SElswncANALYSlsgiggsuéxﬂ%&i?wmrSTELLERATOR
“Probabilistic Hazard Results for DOE sites. UL S [ —

For PPPL, Z =0.09 T A s il

“I” importance factor: for PC-1, was ; : s Rk~

determined using tables 23-K and 23-L of the
Uniform Building Code (UBC)
For PC-1,1=1.00
“Cp” horizontal force factor: =(1.5)
for non-rigid elements
=(2.0)

for cantilevered walls
Run #4
Subsequent to the NSTX static seismic analysis, a

seismic analysis was performed on NCSX by P. Titus

and was later updated by Fred Dahlgren. The P.Titus Figure 2.3-1 NCSX Analysis Results [14]
work was documented in a MIT PSFC report. Mike

Kalish provided an update of the DOE requirements for the NCSX calculation which formed the basis for the NSTX
modal analysis.
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3.0 Criteria
From Ref [2]:
I-1.8 Seismic Loads (Fpgg)

The NCSX facility will be classified as a Low Hazard (LC)/Hazard Category 3 (HC3) facility. All Structures,
Systems, and Components (SSC) of NCSX shall be categorized in accordance with DOE-STD-1021-93 ("Natural
Phenomena Hazards Performance Categorization Criteria for Structures, Systems, and Components,” 7/93) to
determine the appropriate Performance Category. For those SSCs that require seismic design, the applicable
Design Basis Earthquake (DBE) acceleration values and evaluation techniques specified in DOE-STD-1020-94
("Natural Phenomena Hazards Design and Evaluation Criteria for Department of Energy Facilities," 4/94) and
DOE-STD-1024-92 ("Guidelines for Use of Probabilistic Seismic Hazard Curves at Department of Energy Sites,"
12/92) shall be used.

1-2.3 Unlikely Events 10-2>P > 10-4

D+P +To+FDBE+|R+L
D+P +Tq+ (EM-F per FMECA)+ IR + L

D=Deadweight, P-Design Pressure, FDBE = Seismic, Design Basis Earthquake, TO=Normal operation thermal

effects, IR= Interaction Loads , L=preloads

In addition to the Material plasticity, The facility may
challenged component, |local insulation failure |require major
inspection may reveal |or local melting which | replacement of faulty

localized large damage, | may necessitate the component or repair
Unlikely which may call for removal of the work.

repair of the affected component from

components. service for inspection

or repair of damage to
the component or

support.
. Primary membrane plus bending stresses shall not exceed 1.5 KS,
. For unlikely conditions, K = 1.2; evaluation of secondary stress not required

Input ARS

This comes from IBC2000, ref [13], via ref. 7. It is the recommended ground motion, exclusive of any amplification
of a building. To estimate the effects of building amplification, the TFTR cell results will be used. These were used
by Scott Perfect in the TPX gravity support qualification The ground motion ARS peaks out at .36g and the
TFTR/TPX ARS peak at around twice this. Mike Kalish provided the IBC 2000 instructions for estimating the effect
of the building and this worked out to 1.48 vs. the factor of 2.0 chosen for the analysis.

MCE and 5% Damped MCE Ground Motion

Spectral
Accelerat o
ion, g oaso L T—1%
Period, 5% Damped l \
Sec MCE MCE 0200 / x\
0.00 | 0.144 0.096 7 1\
0.05 0.360 0.240 / ‘\ \\
0.050 l\-\“\-\"\-‘.\‘\‘\
—=—q . T -

Period, Sec

| el AN 1 Narmitvrmardd Aveaitmmd mamstimarm Arars i EFlAA vArIt A AaAs At v
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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
'ANSYS SPECTRU INPUT
0.90 0.095 0.063 spopt, sprs, 10, yes
1.00 0.085 0.057 svtyp,2,2.0%9.8
sed,1,0,0
110 0.077 0.051 FREQ, .55555556, . 58823529, .625, .66666667,.71428571,.769
1.20 0.071 0.047 23077, .83333333,.90909091,1
FREQ,1.1111111,1.25,1.4285714,1.6666667,2,2.5,3.333333
1.30 0.065 0.043 3.4.1666667,5
1.40 0.061 0.041 FREQ, 20,100
sv,0.0,.047,.05,.053,.057,.061,.065,.071,.077,.085
1.50 0.057 0.038 sv,0.0,.095,.106,.122,.142,.17,.213,.284, .36, .36
1.60 0.053 0.035 sv,0.0,.36,.144
sv,0.05,.031,.033,.035,.038,.041,.043,.047,.051,.057
1.70 0.050 0.033 sv,0.05,.063,.071,.081,.095,.113,.142,.189, .24, .24
1.80 0.047 0.031 sv,0.05,.24,.096
1.90 0.045 0.030
2.00 0.043 0.029

The response Spectra is scaled in the ANSYS ADPL using the SVTYP command: From ANSYS Help

SVTYP, ksv, FacT Defines the type of single-point response spectrum.

KSv

FACT

Response spectrum type:

— Seismic velocity response spectrum loading (SV values interpreted as velocities

0 with units of length/time).
— Force response spectrum loading (SV values interpreted as force amplitude
multipliers).
5 — Seismic gcceler_ation response spec_trurp loading (SV values interpreted as
accelerations with units of length/time®).
— Seismic displacement response spectrum loading (SV values interpreted as
displacements with units of length).
4 PSD loading (SV values interpreted as acceleration?/(cycles/time), such as

(in/sec?)?/Hz (not g°/Hz)). (Not recommended)

Scale factor applied to spectrum values (defaults to 1.0). Values are scaled when the
solution is initiated Database values remain the same

From a May 17" email from Mike Kalish, ref 12:
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“The IBC 2000 [13] does provide a simple linear formula for adjusting the seismic input for height in the building
for the static seismic analysis which we can probably argue is reasonable to apply to your dynamic analysis.

(1+2*z/h)
With Basement Elevation = 0’ Test Cell Elevation = 13°3” Top of Steel =55’

For the Test Cell Floor z/h = .24
for which the multiplier = 1.48
I think you can take credit for being conservative with respect to the code in picking a multiplier of x2 on the site

ground ARS. As long as the results look good with this multiplier your set but if not you can keep in your back
pocket the potential to role back the ARS multiplier to 1.5 “

77 1 1 62/32"7 5
1 éfl%?:é 20 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 E* Z—-i e 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 J.; 51
51 1B i 2.
7.0
5.8 5.5 . 7e2
. \ ] a €.5 ¥ 6.5
% S.0 ‘ ) 6.0 5.0
sv “s s 5.5 .
a
g ) I ] / 2000 grownd level sevean ingut 0 E L 5.0
: [T
s 4 s ] ’
§ /‘ V I \ e S RS z w0 P
5 3.0 { | 3.0 ] v \ " rvomd leved sevn gt
N 3.5
WL ‘ ~ &
& 2.5 2.5 c 3.0 \ T
B ) 3.0
c ¢ w
u 2.5
Z 2.0 / 2.0 Z \ ]
/ 22N 2.0 M 5
1.5 1.5 ) N~
AUQe o
7 e 1.5 : N\ ‘ ~ s
1.0 g 1.0 1.0
0.5 s 0.5 o.s
0.
O AT T T O U 10 18, i gy Aog 0 e Lot €6 83 3.0 3.0 T e S T W K BTN SRR R R g g pra 4
SRR EHERARE S o uTion BT ERELL ARSI -0 o carTio
Figure North-South Response Spectrum Curve, Figure East-West Response Spectrum Curve,
TFTR/TPX Test Cell, ref [5] TFTR/TPX Test Cell, ref [S]
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Figure Vertical Response Spectrum Curve, TFTR/TPX Test Cell, ref [5]. The vertical ARS is not used because it is
small compared with the horizontal accelerations, and the fundamental vertical mode of the machine with the
significant participation factor is around 26 hz,, away from the vertical ARS peak. IBC 2000 does not include any
vertical ground excitation.

****x* PARTICIPATION FACTOR CALCULATION ***** Y DIRECTION
CUMULATIVE RATIO EFF.MASS

MODE FREQUENCY

0o voubwN R

7.51331
7.73496
7.87535
19.1868
19.4824
23.9241
24.0150

26.3241
27.8857
28.1427
34.9428
37.4179
37.8552
38.1964
39.0158
39.5078
39.8625
40.5403
40.7435
41.5719

0.13310 -0

0.12698 2
0.52119E-01
0.51328E-01
0.41799E-01
0.41641E-01

0.37988E-01
0.35861E-01
0.35533E-01
0.28618E-01
0.26725E-01
0.26416E-01
0.26180E-01
0.25631E-01
0.25311E-01
0.25086E-01
0.24667E-01
0.24544E-01
0.24055E-01

PERIOD

.66230 0.002879 0.438638
0.12928  -3.4273

0.014897 11.7464

1654  0.009412 4.68900

14387 0.062537 206.998
29864  0.012981 8.91842
99169  0.043105 98.3455
6.1194  0.026599 37.4467
230.06 1.0000 s2929.2
5.8325 0025352 34.0184
85673  0.037239 73.3984
18562  0.080683 344.559
13402 0.005826 1.79626
80078  0.034807 64.1255
21701  0.009433 4.70941
076987  0.003346 0.592704
13154  0.005718 1.73026
07273 0.042281 94.6210
23035  0.010013 5.30616
053463  0.002324 0.285829
12965  0.005636 1.68098

0.415153E

0.614065E
0.683506E

0.988363
0.988994
0.990355
0.996744
0.996777
0.997967
0.998054

0.998065
0.998097
0.999852
0.999950

0.999955
0.999987

10

0.813418E-05 0.596334E-05
0.225961E-03 0.159693E-03
0.312915E-03 0.637475E-04
-02  0.281417E-02
0.431691E-

02 0.121247E-03

-02  0.133702E-02
-02  0.509092E-03

0.719579
0.462484E-03
0.997860E-03
0.468432E-02
0.244203E-04
0.871794E-03
0.640250E-04
0.805788E-05
0.235232E-04
0.128638E-02
0.721379E-04
0.388588E-05
0.228531E-04

PARTIC.FACTOR RATIO EFFECTIVE MASS MASS FRACTION TO TOTAL MASS
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0.360634E-05

0.149499E-05

0.265502E-05
0.207229E-05

21 41.8679  0.23885E-01 -0.51504 0.002239 0.265268 0.999992
22 42,0180  0.23799E-01 -0.33161 0.001441 0.109965 0.999994
23 42.8606  0.23331E-01 0.44192 0.001921 0.195292 0.999997
24 42,9049  0.23307E-01 0.39042 0.001697 0.152429 1.00000
sum 53925.3 0.733121

11

NSTXU-CALC-10-02-00-00
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Peter,

I spoke with Jerry Levine about the seismic requirements for NSTX. My
starting point was the requirements memo I wrote for NCSX (see
attached). This memo started with the Safety Assessment Document and
the DOE requirement 1020-2002.

"Based on applications of DOE Order 0420.1A 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 I.
Interpretation of these requirements leads to the adoption of the
International Building Code, IBC 2000, with 2/3 the Maximum Considered
Earthquake (MCE, site specific) as the standard for PPPL"

It appears that these requirements have not changed since I wrote this
memo in 2004 so the basic assumptions in the document should be correct.

12
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The only caveat I would add is that the evaluation was done using the IBC
2000. To be thorough we might want to look for a more recent IBC and compare
that to the evaluation I did back in 2004. Otherwise we could reinstitute my
NCSX memo as the basis for the NSTX upgrade seismic requirement. Note that
I'm nor certain if the version I have on my hard drive is the latest or if it
was ever even signed off but I can investigate further.

Mike

[21] Fusion Engineering and Design 54 (2001) 275-319, Engineering design of the National Spherical Torus,
Experiment, C. Neumeyer et.al, Page 286 quotes 100,000 Ibs for the total vacuum vessel weight

7.0 Analysis

At the PDR, only a static analysis of the NSTX global model had been done. This is conservative with respect to
the original NSTX seismic analysis that was a hand static overturning analysis. In the PDR analysis of the global
model, 0.5 g's lateral were applied vs. the original .135 g requirement. The high acceleration was partially intended
to address unknown masses (essentially diagnostics) not included in the global model.

Mike Kalish prepared a memo that addressed the seismic requirements for NCSX. Mike spoke with Jerry Levine
about the seismic requirements for NSTX. Mike's starting point was the requirements that he wrote for NCSX.

This memo started with the Safety Assessment Document and the DOE -
requirement 1020-2002. file.mcom

/COM,ANSYS RELEASE 13.0
UP20101012 12:49:19
01/23/2011

/COM, file.mcom
LCOPER,ZERO
LCDEFI,1, 1, 1
LCFACT,1, -0.217989
LCASE,1
LCOPER,SQUARE
LCDEFI,1, 1, 2
LCFACT,1, -0.564958
LCOPER,ADD,1,MULT,1
LCDEFI,1, 1, 3
LCFACT,1, 0.405109
LCOPER,ADD,1,MULT,1
LCDEFI,1, 1, 4

R

Figure 7.1 Global Model Used in Both Static and Modal Analyses LCFACT,1, 0.435993E-01
“Based on applications of DOE Order 0420.1A and DOE Guide G420.1-2, pppL | LCOPER.,ADD,1,MULT 1
is required by the Department of Energy to meet the seismic requirements of LCDEFILL, 1, 5
DOE-STD-1020-2002 Performance Category 1 for Seismic Use Group I. LCFACT,1, -0.130370E-01
Interpretation of these requirements leads to the adoption of the International LCOPER,ADD,1,MULT.1
Building Code, IBC 2000, with 2/3 the Maximum Considered Earthquake (MCE, LCDEFI1, 1, 6
site specific) as the standard for PPPL" It appears that these requirements have LCFACT.1, -0.562580E-02
not changed since Mike wrote this memo in 2004 so the basic assumptions in the LCOPER,ADD,1,MULT.1
document should be correct. The only caveat is that the evaluation was done LCDEFLL, 1, 7

using the IBC 2000. To be thorough a more recent IBC might be applicable. LCFACT.1, -0.352451E-02
LCOPER,ADD,1,MULT,1

. LCDEFI,1, 1, 8
Response Spectra Modal AnalySIS LCFACT,1, 0.177986E-02
LCOPER,ADD,1,MULT,1
LCDEFI,1, 1, 11
LCFACT,1, 0.590136E-03
LCOPER,ADD,1,MULT,1
13 LCDEFI,1, 1, 13
LCFACT,1, 0.109637E-02
LCOPER,ADD,1,MULT,1
LCOPER,SQRT
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In the static analysis the inventory of diagnostics insulations and miscellaneous equipment hung off of the vessel is
accounted for by assuming .5 ¢'s rather than the prescribed .132 g's. The modal analysis also needs to address this
miscellaneous material. This is done by increasing the vessel density by an assumed factor. This is applied in an
APDL script shown in the text box at right.

The last step is a macro
combines the individual modal
participation factor.
performed for this calculation
database created by reading
the results file. The file.mcom
/postl and set, 1,1 commands
the solution phase.

VesDensFact=1.5
*do,mat,50,53

dens,mat,8020.0*VesDensFact

*enddo

created by the ANSYS script that
responses multiplied by their
finput,file,mcom. In the analysis
there is a difference between
the db file and the database from
script should be run after the
to restore the proper database for

ANSYS ADPL Solution Phase Commands

/solu

antype,modal

Imodopt,subsp,8 ! this hung during solution
modopt,lanb,14

solve $save S$fini

/solu

antype, spectrum

spopt,sprs,24,yes

svtyp,2,2.0*9.8

sed,1,0,0
FREQ,.55555556,.58823529,.625,.66666667,.71428571,.7692
3077,.83333333,.90909091,1
FREQ,1.1111111,1.25,1.4285714,1.6666667,2,2.5,3.3333333,
4.1666667,5

FREQ,20,100
sv,0.0,.047,.05,.053,.057,.061,.065,.071,.077,.085
sv,0.0,.095,.106,.122,.142,.17,.213,.284,.36,.36
sv,0.0,.36,.144
sv,0.05,.031,.033,.035,.038,.041,.043,.047,.051,.057
sv,0.05,.063,.071,.081,.095,.113,.142,.189,.24,.24
sv,0.05,.24,.096

solve

save

fini

/solu

antype,modal

mxpand,24,,,yes

modopt,lanb,24

solve

save

fini

/solu

antype,spectrum

srss,,disp

solve

save

fini
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7.2 Run Log
Run #44
Run File Date Computer
RUN44.txt | 12/22/2015 | Titus 64PC Seismic Analysis Re-Run

Titus 64PC g:\nstx\csu\global\run44

8.0 Static Analysis Results

A slide from the PDR is included below. At the PDR, only a static analysis was available. The seismic response was
approximated by a static response with .5 g's applied. This was intended to be conservative to envelope subsequent
modal analyses planned for the PDR. In this analysis the "out-rigger" angular braces saw large shear loads and a
"horseshoe" restraint was added. During the FDR, the global model was updated and run with both static and modal
analyses. The 1e6 embedment load was a mistake which was corrected in subsequent analyses.

NSTX Seismic Static Seismic Analysis for Sg Assumed

. Reaction in Newton
frad  Ftheta Fert
12483. 77282 13465,

RECONDENN &,

AE0 BEENF

Reaction in Newton
Frad ftheta  Frert
-0I0IB€+07 18561 05796%+06

8.1 Static Analysis Displacement Results
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TIME=2
FEB 8 2011
11:09:48
NODAL SOLUTION
STEP=2
SUB =1
SINT (AVG)
SMN =69.8739
SMX =.305E+09
XV =1
W =1
v Zv =3
Fx=23875N *DIST=3.49435
Fy=28661 N 5 . *XF =-.041619
FZ=-1,6142N SRSS of Fxand Fz Shear=
Fx=5367 Lbs 3900 Ibs
Fy=6443Lbs =
Fz=3628Lbs =i 100E+08
Bl >0k+08
B 005+08
Fx=14230N B ;005408
Fy=-16801N E cHQURI0S
SRSSofFxandFz Fz=9626.4N =i -600E+08
= .7T00E+08
Shear=65001Ibs Fx=3199 Lbs B ooe.os
nstxU Deadweight Plus .5g Lateral (Seismic?) Log Fy=377Lbs = .900E+08
Fz=2163 Lbs

Figure 8.2-1 Static Analysis Embedment Loads
The modal results in section 9.8 show a peak shear load of about 13000 Ibs, and the static results above is 6500 Ibs.
The modal analysis results are used to qualify the brace embedment loads.

16



NSTX Seismic Analysis NSTXU-CALC-10-02-00-00

Rt
= B a7
S S

Figure 8.2-2 Brace Welds and Hilt' Cap Screws.

T 2%

16| 30 |3/4=10UNC-2A X 4” LG H.H.C.S. |COMM |316 S/S

| Beam Support Column

pp 16 29 |3/%-10UNC-28 X %" LG HILTI CONCRETE ANCHOR|COMM | 316 S/S
24 28 | 3/4-10UNC-2B HEX NUT COMM | 316 S/S
40 | 27 | 374 SPLIT LOCK WASHER COMM | 316 S/S
64 26 3/4% FLAT WASHER COMM | 316 S/S

TYP 4 - ) X

378V 2-4 NsgE N( Fa Hilti Test Capacity — Use % Value
I THRL
2000psi  [Concrete  H000psi  [Concrete  [5000psi  [Concrete

Anchor  [Tension  [Shear Tension  [Shear Tension  [Shear

1ze
sss NOTE S [HDI-34 [8857  |IS195  [16034  [17609 16400  [21200

ODAL SOLUTION l;ﬂ
2 A T -
" S 2 e
- —
i !

»

X! Deadweight Flus .89 Lateral(Selsmicy) &

Y s
L 2342124000 0

£,

~.121Ke00 = S59Ke0 SR ~1INE008
- 8830007 ALRe0T 106K08 +371%008

This | Beamis Almost Completely in Rt Dosdheight Fius .59 Later =
Compression This | Beamis Mostly in Tension —The Net Loadis 35833 N or
8000 Ibs — Small for % inch bolts and Hiltis

Figure 8.2-3 I-Beam Column Loads.
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NODAL SOLUTION
Filz
STE P_2 PRINTF REACTION SOLUTIONS PER HODE
SUB =1 e PUSTL TOTAL RERCTION SOLUTION LISTING oo
TIME= 2 LOAD STEP= 2 SUBSTEP= 1
SY ( AV ) TIRE=  2.0000 LOAD CRSE= 0
REYS=0 THE FOLLOAHG ¥,%,2 SOLUTIONS ARE I THE GLOAL CODRDIIATE S45TEH
— HODE Fi FY FL
DMX =.334E-03 / 370608 2320.0 £170.8 3883.3
_ 0 L2 HEG 4
SMN =-.121E+08 DT Anes DE.
39712 3285.0 16982 567.8
SMX =.171E+08 I Al -GE. 1056
TOTRL WALLES
UALLE  2402.4 SE460. -334.1
FiVPRRSOL Command
File:
PRINT F REACTLON SOLUTIONS PER HODE
ek POSTL TOTAL REACTION SOLUTION LISTIMG #ewkter
LORD STEP= 2 SUBSTEP= 1
T 20000 LOAD CRGE= 0
THE FOLLOMING ¥,Y,Z SOLUTIONS RRE N THE GLOBAL COORDINATE SYSTEN
WE B B I
O 2Rl 6 WEd
390 -3311.2 -B055.6 4331.2
I9M1 -209.86 13433, 609,43
39M2 32850 16982, -2567.8
P ded U@, 400
R B4 xR 200
970 16844 3449 2280.7
39 -253.75 6187.5 -218.97
o oemd ERE 1E
T ELM SaEs A
379818 -1301.3 1358.0 881,66
379819 -1287.5 -2209.0 874,46
379820 -1211.9 5586.6 822.7%
TOTHL VALUES
YALUE  -732.43 -35833. -2769.5
-.121E+08 -.553E+07 886985 - T13TE+07 . 138E+08
-.883E+07 —.235E+07 -413E+07 -106E+08 .171E+08
nstxlU Deadweight Plus .5g Lateral (Seismic?) Load

Figure 8.2-4 1-Beam Column Loads -Expanded Plot.

4. BOTTOM PLATE OF VERTICAL SUPPORT LEG WELDMENT. PART 4.

TO BE WELDED TO BASE PLATE (.50 THICK).
VACUUM VESSEL ASSEMBLY IS

5. BASE PLATES,

PARTS

IS IND 16,

LOCATED

IN ITS

PART

4, AFTER
FINAL POSITION.

TO BE USED AS REQUIRED TO OBTAIN

156" HORIZONTAL CENTERLINE HEIGHT OF VACUUM VESSEL ABOVE TEST

CELL FLOOR.

" -

MUY e e

- - —— —_

4| 4

VERTICAL S

E_

DBIO4I-1 | SEE DWG

view B=B ¢1-8)

UPPORT LEG W

TYP 4 PLACES
SEE NOTES
I THRU 4

2-4

SEE NWOTE S

ELDMENT

T -

-

REF( |

L T W crr e

REF

——§.88
TYP

EXL I -V
CHAMFER

TYP 4 PLACES —_| |

4.88
TYP

N
~J

.00

REF@/

— :aoo——-l

SecTIon A=A cF-1)

Figure 8.2-4 1-Beam Column Base Plate Details.

18




NSTX Seismic Analysis NSTXU-CALC-10-02-00-00

One side of the intermittent weld at the base of the column see some tension -The weld stress is 8000
Ibs/(12/2)/(3/8*.707) = 5029 psi which is an acceptable weld stress.
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9.0 Response Spectra Modal Analysis Results
The lowest translational mode is mode 3 at 7.9 cps. Entering the ARS at a period of .126 yields the an
acceleration in the broadened resonant peak of .24 g's which is scaled by 2 to .48 g's.

9.1 Displacement Results

The displacements from the modal analysis appear to be a shear deformation rather than an overturning
displacement. The static analysis results look more like an overturning motion. The difference is subtle, looking at
the displacement plots in section 8.1 But the shear (modal) vs overturning (static) deformation is consistent with the
difference in character of the embedment loads.

’8:46
SOLUTICN

Q9

B00CNE0NN

T 11 PREEE
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9.2 Vessel Shell Stresses

REODNRENN | 55Ee e
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JAN 23 2011
17:24:08
NODAL SOLUTION
STEP=9950
SEQV (2VG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.002295
SMN =028.295
SMX =. 185E+00
XV =-.419167
YV = .679766
IV =.570803

+DIST=3.0937

¥XF =.368226

*YF = .784184

LZF = .256512
A-7S=6.04558
7 BUFFER

0
B 07
B g0m408
O 150408
O oooxi0s
B osomios
L1 300g+08
L1 350g+08
0 1ooE+0s
Bl cozi0s

9.4 Bellows Stresses
The bellows are modeled as .030 inches thick. The geometry is consistent with the geometry recommended by
Peter Rogoff in his bellows calculation [19]

AL SOLUTION

AN

Bottom Bellows
Static.5g Lateral
Analysis

Bottom Bellows
Modal Analysis
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9.5 Coil Stresses
9.5.1 TF Caoil Stresses

Coil Stresses are small due to a seismic event. The connection of the TF to the pedestal is effected by the
global overturning moment. The total stress is less than 17 MPa.

B "lllif ﬂ
| l !l. |

”dk hw
|
18 818
"!?[i
i flaY

|/

_
0 .100E+07 .200E+07 .200E+07 .400E+07
500000 . 150E+07 .2Z50E+07 .350E+07 . 450E+07

9.5.2 PF Coil Stresses

FEB 8 2011
09:20:21
NODAL SOLUTION
STEP=5099
SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.003504
SMN =10277.5
SMX =.984E+07

X =1
e
Zv o =3
ADTST=2.40581
YXF  =.052006
YYE ——.004516
YZF =.096420
Z-BUFFER

0
ISR
B 005407
O i50me07
0 200m+07
B o50m407
C z00m407
L1 3508+07
C 1o0m+07
B 0507

1T
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9.6 Aluminum Block Stresses

FEBE 6 2011
09:11:21
NODAL SOLUTICN
STEP=9999
SEQV {AVE)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.004178
SMN =9992.91
SMX =.128E+08
o =1
YV =1
Zvo =3
FDIST=.632044
*XF  =.129447
*YF  =2.57108
*ZF  =.108223
Z-BUFFER
6092.91
[ L143E+07
i . 28BE+07
B LA28E+07
= 5T70E+07
B 7i2E407
3 .B5LE+07
L] L997E+07
= .114E+08
L .12BE+08
irT WIND=2

9.7 Umbrella Structure Stresses
9.7.1 Arch Reinforcements

FEB 8 2011
00:12:10
NODAL SOLUTTON
STEP=9999
SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.003906
SMN =305534
SMX =.437E+09
XV =
vv =1
v =3

*OTST=. 632044

+xF  =.101259

+YF  =1.98804
+77 =.281666
Z-BUFFER

305534
RPN
B 00507
O iggios
0 ioeme0s
B oasmeo0s
L1 2ozm+os
L1 3s0m+08
C  2gom+08
B o0
WIND=2
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9.7.2 Spoked Lid

AN FEB & 2011
09:17:55
NODAL SOLUTION
STEP=9999
SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.004295
SMN =158710
SMX =.112E+09
XV =1
vy oo=1
Zv =3

*DIST=.632044
*¥F  =.131743
*YF  =2.83504
*ZF =.019173
7-BUFFER

158710
| .125E+08
Bl 505408
B 5735408
= JA9T7E+08
B 5oig408
3 7sasE+os
C1 . s69E+08
EE  _993g+08
B 00

1T WIND=2

Spoke/lid Seismic Stress - Note: during our Wed meeting Feb 9 2011, Mark Smith indicated that the lower spoke
assembly does not have the outer lugs, but has a complete bolted ring. Thus the stresses at the lower lugs shown
above are not real.

9.8 Embedment/Hilti Loads

I Modal Analysis Results |

FEB 8 2011
09:28:44

NODAL SOLUTION
STEP=9999

SEQV (AVG)
SMN =1765.6
SMX =.185E+09

Fx=25245
Fy=30070
Fz=33492

0
Fx=5675.11bs ]
.100E+08
Fy=6759.7 Lbs =2 T 500E+08
F2=7529.0Lbs [ Retbe:
.300E+08
y B 00408
c 3
.500E+08
=l .600E+08
Fx=45069 [ 700g+08
Fy=40437 5005408
Fx=40138 Fz=34137 E  500+08
Fy=35937
Fz=30208 | Fx=9023.02 Lbs Fx=25109 Fx=10131Lbs
Fy=8078.6 Lbs Fy=29691 Fy=1500.3 Lbs
F2=6790.7 Lbs Fz=30370 | Fx=5644.5Lbs Fz=7673Lbs
SRSS of Fxand Fz Fy=6674.5 Lbs SRSS of Fxand Fz Shear=
Shear=11293lbs Fz=6827.2 Lbs 12709Ibs
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These are a bit higher than the static analysis results, Displacement results suggest that the modal response is mostly
shear of the machine, and the static results shown in section 8.2, are mostly overturning. A shear design capacity of
13000 Ibs and a tensile capacity of 9000lbs is recommended

9.9 Angle Brace Angle Adjustment to Accommodate Vacuum Equipment (Rev 1)

Leg FX FY (vert) FZ JUL 8 2013
35 deg+.5g 3468 Ibs -5867 Ibs -2356 Ibs 14:44:30
35 deg-.5¢g -5701 1b 9735 Ibs 3869 lbs NODAL SOLUTION
STEP=2
SUB =1
Leg FX FY (vert) FZ TIME=2
45 deg+.5g Left 5367 lbs 6443 Ibs 3628.7 lbs SINT (AVG)
45 deg+.5g Right 3198 lbs 3777 lbs 2163 lbs PowerGraphics
EFACET=1
AVRES=Mat
For the UNISORB Studs, Per Pad gm ;égozggi
the Shear Allowable is =44,125 lbs SMX =. 1(.34E+10
the tensile Allowable is =20585 lbs
XV =.604344
YV =.046399
ZV =.795372
*DIST=3.81123
*XF =-.624733
*YF =-.592755
*ZF =.198602
A-ZS5=-.418¢618
Z-BUFFER
0
Bl 500:+07
Bl 00E+08
Bl . 150E+08
> .200E+08
.250E+08
y 4 B8  .300E+08
y 4 CJ .350E+08
\ 4 Bl 400E+08
, T Bl ;50:+08
nstxU Deadweight Plus .5g Lateral (Seismic?) Load
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10.0 Mode Shapes, and Frequencies

The lowest lateral translational mode is mode 3 at 7.9 hz or a period of .127 .

NSTXU-CALC-10-02-00-00

SIGNIFICANT MODE COEFFICIENTS (INCLUDING DAMPING)

MODE FREQUENCY

7.552
7.737
7.892
19.11
19.46
23.89
23.94
26.01
31.03
32.82

coONOoO Olh~ WN -

[l
w

0.0000 7.0560
0.0000 7.0560
0.0000 7.0560
0.0000 7.0560
0.0000 7.0560
0.0000 6.3763
0.0000 6.3687
0.0000 6.0761
0.0000 5.4951
0.0000 5.3223

DAMPING SV

MODE COEF.

-0.2180
-0.5650
0.4051
0.4360E-01
-0.1304E-01
-0.5626E-02
-0.3525E-02
0.1780E-02
0.5901E-03
0.1096E-02

MODAL COMBINATION COEFFICIENTS

MODE=
MODE=
MODE=
MODE=
MODE=
MODE=
MODE=
MODE=

MODE= 11 FREQUENCY=
MODE= 13 FREQUENCY=

CONO Ol A~ WN PP

FREQUENCY=
FREQUENCY=
FREQUENCY=
FREQUENCY=
FREQUENCY=
FREQUENCY=
FREQUENCY=
FREQUENCY=

7.552 COUPLING COEF.= 1.000
7.737 COUPLING COEF.= 1.000
7.892 COUPLING COEF.= 1.000

19.111 COUPLING COEF.=
19.461 COUPLING COEF.=
23.894 COUPLING COEF.=
23.944 COUPLING COEF.=
26.007 COUPLING COEF.=

1.000
1.000
1.000
1.000
1.000

31.028 COUPLING COEF.= 1.000
32.819 COUPLING COEF.= 1.000

SRSS COMBINATION INSTRUCTIONS WRITTEN ON FILE file.mcom
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AN JAN 23 2011
Mode1 17:28:37
(Rotation NODAL SOLUTION
bout STEP=1
about a e

Vertical Axis FREQ=7.55238

Ux [AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.008009
SMN =-.007761
SMX =.005553

Xvoo=1
YV =1
2V =3
*DIST=4.10506
*XF =-.025849
*YF =-.710555
Z-BUFFER
-.007761
-.006281
-.004802
-.003323
-.001843
.364E-03
001115
002554
004074
005553

AC0CRECEN

1T

JAN 23 2011
16:56:42
NODAL SOLUTION
STEP=1

SUB =2
FREQ=7.73704
ux (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.006397
SMN =-.005585

Mode 2

SMX =.882E-04
XV =1
YV =1
AR
+DIST=4.04151
+XF =-.058452
+YF =-.785675
Z-BUFFER

~.005585

0
Bl _ 05321
B _ 03604
Bl _ 003063
Bl _ 002133
B _. 001803
CJ _.001172
B _ ci0503

1T Bl 550000
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JAN 23 2011
16:57:14

NODAL SOLUTION
STEP=1

SUB =3
FREQ=7.89192
UXx (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.005797
SMN =-.535E-04
SMX =.003325

.04151
*XF =-.058452
*YF =-.785675
Z-BUFFER
-.535E-04
.322E-03
.697E-03
.001073
.001448
.001823
.002199
.002574
.002949
.003325

JAN 23 2011
16:57:45
NODAL SOLUTION
STEP=1

SUB =4
FREQ=19.1105
Ux (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.009405
SMN =-.005143
SMX =.007518

Made 4

XV =1
Y =1
Zv =3
+DIST=4.04151
+XF =-.058452
SYF =-.785675
7-BUFFER

-.005143

Bl 03736
Bl _ 02320
-.923E-03
B 454503
Bl 01501
B8 003298
C 004704
B 006111

1T 5
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ANSYS 13.0
JAN 23 2011
17:04:41
NODAL SOLUTION
STEP=1
SUB =6
FREQ=23.8945
Ux (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.027959
SMN =-.009851
SMX =.004261
XV =.30151
YV =.30151
IV =.90453
+DIST=4.0415
*XF =-.058452
*YF =-.78568
2-BUFFER
-.009851
05053
Bl 06715
B _ 05147
B _ 03579
-.443E-03
L1 .oo1125
B 02693
1T 6
JUN 7 2011
Mode 8 11:00:36
] The First Significant | NODAL SOLUTION
ertical Mode §3§P;§
FREQ=26.3241
uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.006753
SMN =-.001823
SMX =.006709
ZV =1
DIST=3.81661
YF =-.468555
Z-BUFFER
-.001823
Bl 55503
Bl 5004
B 01021
Bl 01960
Bl 02917
B3 003865
CJ  .ooss13
.005761
Bl 06700
1T
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JUN 7 2011
10:58:47
NODAL SOLUTION
STEP=1

SUB =23
FREQ=42.8606
uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.036324
SMN =-.010076
SMX =.010065

v =1
DIST=3.78408
YF =-.494128
Z-BUFFER
-.010076
| -.007838
-.005601
-.003363
-.001125
.001113
.003351
.005589
.007827
.010065

1T

JUN 7 2011
10:57:40
NODAL SOLUTION

FREQ=42.9049
uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.035333
SMN =-.009749
SMX =.009887

v =1
DIST=3.78405
YF =-.494154
Z-BUFFER
-.009749
-.007567
-.005385
-.003203
-.001022
.00116
.003342
.005524
.007705
.009887

i00RECHN

1T
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Introduction

The mission of the National Spherical Torus Experiment (NSTX) is to assess the
physics performance of the Spherical Torus (ST) concept, in which the aspect ratio
(ratio of major radius (RQ) to minor radius (a), Rp/a is much lower than most machines

built to date. Supporting objectives are to:

* Exploit techniques for non-inductive current drive and profile controls that are consistent with
efficient continuous operation of a fusion reactor without a central solenoid.

* Maximize the use of existing facilities and components so as to minimize the cost of the
project.

The purpose of this document is to describe the design criteria used to perform the seismic analysis on
the NSTX components. A summation of the seismic analysis performed will also be discussed. The
systems/components, which were analyzed/reviewed, include the south shield wall, north labyrinth,

Neutral Beam box, NB High Voltage Enclosures (HVE), plus the vacuum vessel/structure. The analyses

on the HVE’s and shield wall were completed using ALGOR an analysis software package used for stress

analysis.

DOE Directives for Characterizing Seismic Environment

The policy, requirements, and guidelines for NPH mitigation at DOE sites and facilities have been
developed and established in numerous DOE Orders and Standards. The following DOE documents

provide reference for characterizing seismic environment:

DOE-STD-1020-94, “Natural Phenomena Hazards Design and Evaluation Criteria for Department of

Energy Facilities”

DOE-STD-1021-93, “Natural Phenomena Hazards PC Criteria for SSC’s”
DOE-STD-1022-94, “Natural Phenomena Hazards Site Characterization Criteria”
DOE-STD-1023-92, “Natural Phenomena Hazards Assessment Criteria”
DOE-STD-1024-92, “Guidelines for Use of Probabilistic Seismic Hazards Curves at DOE Sites”
DOE-6430.1A, “General Design Criteria”
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Design Criteria !

The NSTX torus structure has been designed to satisfy the Department of Energy
(DOE) standard for natural phenomena hazard (NPH) events2. Only the effect of
earthquake was considered for the NSTX torus structure. DOE requires the use of
Performance Categories (PC) to specify the relative risk, environmental impact,
importance, and cost of each facility. The assessment for seismic loading and
evaluation for seismic response shall be followed to determine that the design of the
structure is acceptable with respect to the performance goals3. There are no safety
class items associated with the NSTX machine since its failure would not result in the
release of significant quantities of hazardous materials. On this basis the seismic
performance goal for NSTX torus structure is to maintain worker safety and it shall be
placed in NPH Performance Category 1 (PC-1). Those structures, systems and
components (SSC’s) whose failure would adversely effect the performance of the NSTX
torus structures or creates a threat to worker safety were placed in PC-1. All other
systems were placed in PC-0 and will thus have no seismic design requirements.

The DOE design criteria® allows the PC-1 SSC’s to be designed using the simplified
approaches specified in building code, such as Uniform Building Code (UBC)4. The
NSTX torus structure shall be installed in the D-site Hot Cell. The seismic design
considers the response to the motion of the machine floor rather than the ground
motion. According to UBC code, static analysis approach may be used for determining

the seismic effects. For PC-1 SSC’s the design forces may be based on the total lateral
seismic forces Fp given by UBC provisions:

Fp=Z I Cp Wp =0.135 Wp

I'NSTX General Requirements Document

2U.S. Department of Energy, "Natural Phenomena Hazards Performance Categorization Criteria for Structures,
Systems, and Components', DOE-STD-1021-93, July 1993

3U.S. Department of Energy, "Natural Phenomena Hazards Design and Evaluation Criteria for Department of
Energy Facilities", DOE-STD-1020-934 April 1994

4Uniform Building Code', 1991 Edition, International Conference of Building Officials, Whittier, CA 1991
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Where:
Fp = lateral seismic forces
Z = a seismic zone factor.

I = an importance factor.
Cp = a horizontal force factor.

Wp = the weight of element or component

“Z” seismic zone factor: was determined using table 3 of DOE-STD-1024-92
“Probabilistic Hazard Results for DOE sites.
For PPPL, Z = 0.09 g5

“I” importance factor: for PC-1, was determined using tables 23-K and 23-L of the
Uniform Building Code (UBC)
For PC-1,1=1.00

“Cp” horizontal force factor: = (1.5) for non-rigid elements
= (2.0) for cantilevered walls
As determined by DOE-STD-1020-94 (2.4.1) and UBC table 23-P

The lateral force shall be distributed in proportion to the mass distribution of the
machine. Forces shall be applied in the horizontal directions that result in the most
critical loadings for design.

NSTX conventional facilities were designed in accordance with DOE 6430.1A General
Design Criteria and applicable national codes referenced therein.

Seismic Analysis of NSTX Components

NSTX Vessel and Supporting Structure: (calculations by John Spitzer)

e For the NSTX vacuum vessel and structure, a comparison of the total lateral force
due to seismic events, Fot (defined below) verses the necessary uplifting and

SU.S. Department of Energy, "Guidelines for Use of Probabilistic Seismic Hazard Curves at Department of Energy
Sites", DOE-STD-1024-92 December, 1992
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overturning force (Fr) due to the vessel structure weight & supporting base was
made.

Fs=Z*1*Cp*Wp
Fot=(1.414) (0.09) (1.0) (1.5) Wp * 156.0
Fot=29.8 Wp

Fr= Wp * 146 * 0.707/2= 51.6 Wp

51.6 Wp> 29.8 Wp

Reference:

e Estimated weight of vacuum vessel & supporting structure: WP= 150,000 Ibs.
e Necessary force to overturn the vacuum vessel: FOT= 35,100 Ibs.

e FP=20,250 Ibs.

e |t can be demonstrated that the reaction resulting from vessel weight and support
base (WP) can not be exceeded by an excitation caused by seismic excitation.
This is without consideration of the attachment strength between vessel and
support structure.

NSTX NB enclosure: (calculations by Bob Parsells)
The Neutral Beam enclosure is supported off the NSTX Test Cell floor with four stainless steel support

legs to align the mid-plane of the vacuum vessel with the Neutral Beam nozzle. These supports are 51

inches tall and must support the 87 tons of weight from the beam enclosure.

Reference:

e Estimated weight of the Neutral Beam enclosure: WP= 87 tons
e Support is located 51 inches off the ground (8 in. x 8 in. box beam supports)
e Necessary force to overturn the NB enclosure: FOT= 58,000 Ibs.
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Results

e The bendi are increased by
approxime (this represents
approxime

e The maxir ion is 23,490 Ibs.
(13.5% Wr

24-020199-01
Neutral Beam Box

NSTX High Voltage enclosures: (calculations by Doug Loesser)
Reference:
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Estimated weight of the HVE: WP= 24,000 Ibs.

NSTXU-CALC-10-02-00-00

Bottom of cylinder is located 16 inches off the ground (8 in. x 8 in. box beam

supports)

Four support legs @ 5 inch diameter w/ /2 in. wall

Height of HVE: 192 inches high,

Diameter of HVE: 72 inch diameter

MPE seismic load is 13.5% of component weight (FP= 3,240 Ibs.)

Von Mises

342.04
293.19
244.34
195.49
146.64
97.793
48.945
0.09586

13.5% of wt applied at C.G. NSTX "HVE"

SVIEW 12.0 nstx-hue 06/02/99 08:43 Lc 1/ 1 wvu= 7 Lo= 45 La= 45 R= 0

Results

Resultant stresses due to seismic load < 350 psi (This

approximately 10% of the allowable)

Necessary force to overturn the HVE: FOT= 8157 Ibs.

represents
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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. Following is a more thorough analysis of the
pertinent requirements and how they apply to the design of equipment and components in
the NCSX Test Cell.

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 Site Drawing Subgrade Profiles 330-101-1-G3

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

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 I. Interpretation of these
requirements leads to the adoption of the International Building Code, IBC 2000, with
2/3 the Maximum Considered Earthquake (MCE, 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 is not a public facility and as a result
interpretation of the IBC 2000 allows for a relaxed 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 IBC 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 analysis is 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 employee is one
example) no seismic analysis is required.

This is the 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
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NCSX device after a seismic event. Section 4.2 of the memo, “Non Buildings Supported
by Other Structures” 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.

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 criteria is:

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 glass in a load bearing path use:

Fp=.128 x 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 criteria is:

Fp=.171xWp

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

Fp =.257 x Wp

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 at which the component is mounted 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*t(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 there is a question as to the rigidity of the component it may be more efficient to use

the higher seismic requirement for non-rigid components and avoid calculating 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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Detailed PPPL Code interpretation

DOE requires PPPL to meet the requirements of DOE-STD-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=1 Site coefficient as a function of site class and mapped acceleration for
short periods Table 1615.1.2(1)

Fv=1 Site coefficient as a function of site class and mapped acceleration at 1 sec
periods Table 1615.1.2(2)

Sms =Fa * Ss=.36 Adjusted MCE 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*xSms = .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 static and dynamic analysis
of:

0 Structures (Buildings)

0 Non Buildings supported by other structures

0 Non Buildings with self supporting structures

0 Rigid Non Building Structures

0 Dynamic Analysis

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 is the Seismic Base Shear

W is the effective weight of the structure including dead load and other loads as listed 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+lexWp) / (R+T) Equation 16-36
V shall not be less than V =.011+lexWp Equation 16-37

where T is the 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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Non Buildings supported by other structures (Section 1621 of
IBC 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 structures to
be exempt from analysis if they fall within Ip=1 (non-hazardous equipment) see
section 1621.1.1

For hazardous equipment when Ip > 1 use the following
Fp = .4+a.p+Sds+Wp=(1+2+z/h) / (Rp/lp) 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 hz use a.p =1
(ref. commentary Figure 1621.1.4)
For non rigid structures use a.p = 2.5

Fn=1/2*7(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 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

Fp =.096*a.pxWp*(1+2xz/h)xlp / Rp
With Basement Elevation = 0’

Test Cell Elevation = 13°3”

Top of Steel =55’

For the Test Cell Floor z/h = .24
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Simplified for the Test Cell:

Fp = ScxIpxWp

Where Seismic Coefficient Sc Equals:
Low Deformability Limited Deformability
Rp=1.25 Rp=2.5

Rigid Structures .072

ap=1 (Fn>16.7 hz) 114 (Calculated=.057 but

reverts to min. value)

Non Rigid Structures
a.p=15 (Fn<16.7 hz) A71 .085

For heights above the Test Cell Floor
Where h = feet above the Test Cell Floor

Fp = Scxlp*(1+.0246%h)xWp

Note:
Fp shall be no greater than  Fp =.38+1p+«Wp
Fp shall not be less than Fp=.072+Ip~Wp

For most applications on NCSX Ip=1. Exceptions include 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.

Buildings with 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 components installed at elevated levels refer to
4.2 “Non Buildings supported by other structures”. If the structure is rigid 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
allowable for self supporting components to divide the shear force V byl.4 if an
“allowable stress” criteria is being used for acceptance. For example it is acceptable to
use V/1.4 if the acceptance criteria is for the stress not to exceed 2/3 yield.

V= Cs+W Equation 16-34

Cs=Sds/(R/le) Equation 16-35
V is the Seismic Base Shear
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W is the effective weight of the structure including dead load and other loads as listed in
1617.4.1
| = Importance factor Table 1622.2.5(2)
I=1.00 for low explosion, fire, and physical hazard risk
I=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)xIxW

Or

V = (.17 /R) )xI*W when using allowable stress criteria

Note:

V need not exceed V = (.057+1+xWp)/ (R+T)  Equation 16-36
V shall not be less than V =.034+1+Wp Equation 16-75

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

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 a wide range of
components whose stiffness is such that they will not couple with the low frequency
vibrations due to an earthquake. As a result the force applied is much lower and
dampening factor R need not be considered. It is allowable for self supporting
components to divide the shear force V byl.4 if an “allowable stress” criteria is being
used for acceptance. For example it is acceptable to use /1.4 if the acceptance criteria is
for the stress not to exceed 2/3 yield.

Section 1622.2.6 of IBC 2000 applies.

The following criteria apply to components whose natural frequency
is greater than 16.7 hz:
V = .3+Sds+W I Equation 16-77

V = The total design lateral seismic base shear force applied to the non building structure
W = Operating weight
| = Importance factor Table 1622.2.5(2)

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

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

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

V =.072x1xW
V =.051x1xW when using allowable stress criteria
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Dynamic Analysis

It may be desirable to use a dynamic analysis:
e For components or systems that do not fall into a clear category
e When a dynamic analysis offers relief 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)
e For complex systems where a dynamic analysis is necessary for accurately
determining failure modes during a seismic 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.

Spectral
Acceleration,
g
Period, 5% Damped
Sec MCE 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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Appendix A — Applicable tables from
the IBC 2000
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NSTX Seismic Analysis

TABLE 1617.6

- STRUCTURAL DESIGN
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' RAL DESIGN TABLE 1621.2

TABLE 1621.2
ARCHITECTURAL COMPONENTS COEFFICIENTS

- COMPONENT COMPONENT RESPONSE \
d AMPLIFICATION MODIFICATION |
e _ARCHITECTURAL COMPONENT OR ELEMENT ,‘ FACTOR a," FACTOR R, ‘
3 Interior nonstructural walls and padtitions (sec also Section 1621.2.7) i
fo. Plain (unreinforced) masonry walls - [ 1.0 1.25 ] i
. Other walls and partitions l 1.0 25 '
ilever elements (unbraced or braced to structural frame below its center of mass) |
A Parapets and cantilever interior nonstructural walls 25 25 !
b. Chimneys and stacks when laterally braced or supported by the structural frame 2.5 y ] i ‘
[W¥Cantilever elements (braced to structural frame above its center of mass) i
F Parapets s . 1.0 o= 25 |
b. Chimneys and stacks 1.0 25 |
. Extesior nonstructural walls 1.0 | 25 | I
I Exterior nonstructural wall elements and connections (see also Section 1621.2.3) ;
3 |. Wall element 1.0 I 2.5
¥b. Body of wall panel connections 1.0 25 _
c. Fasteners of the connecting system 1:2% 1.0
Veneer
a. Limited deformability elements and attachments 1.0 13 Ny
y b. Low deformability elements or attachments 1.0 1.25 -t
Penthouses (except when framed by an extension of the building frame) 25 A5 !
A Ceilings (see also Section 1621.2.5) 1.0 s 5
FTET T |
- 8. Storage cabinets and laboratory equipment T 10 T 2.5 )
. ‘. Access floors (see also Section 1621.2.6)
. a. Special access floors (designed in accordance with Section 1621.2.6.1) 1.0 2.5
VA b. All other 1.0 1.25 =i
0. _Appendages and omamentations 28 2.5
. Signs and billboards 25 25
B2 Other rigid components
. 8. High deformability elements and attachments 1.0 35
' b._Limited deformability el and attachments 1.0 i 2.5 1
¢._Low deformability materials and attachments 1.0 1.25 ‘ :
2. Other flexible components e e ] L
2. High deformability elements and attachments ] 1.0 3.5
N b. Limited deformability el and attach } 2.5 25
- €. Low deformability materials and attachments 25 1.25 g

Justified by detailed dynamic analyses, a lower value for a, is permitted, but shall not be less than 1. The reduced value of g, shall be between 2.5, assigned to
piexible or flexibly hed equi and 1, assigned to nigid or ngidly attached equipment.

y
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STRUCTURAL DESIGN TABLE 1621.3 - 1621.3.4
TABLE 1621.3
MECHANICAL AND ELECTRICAL COMPONENTS COEFFICIENTS
T MECHANICAL AND ELECTRICAL COMPONENT OR ELEMENT
Component Component
Amplification Response
Factor Mofification Factor
s (@) Rp
1. General mechanical
a Boilers and furnaces 1.0 2.5
b. Pressure vessels on skirts and fi ding 2.5 25
c. Stacks 25 25
d. Cantilevered chimneys 2.5 25
¢. Other 1.0 25
2. Manufacturing and p hinery
a General 1.0 2.5
b. Conveyors (nonp 1) 2.5 2.5
3. Piping sy
a_High deformability elements and sttachments 1.0 35
b. Limited deformability elements and attact 1.0 25
¢. Low deformability el or attachments 1.0 1.25
4. HVAC system equipment
& a. Vibration isolated 2.5 2.5
8, b. ib 1.0 2.5
> ¢. Mounted in-line with d K 10 25
& d. Other 1.0 25
“ﬁu 5. Elevator comp 1.0 25
5 6. E: p 1.0 25
i 7. Trussed towers (free-standing or guyed) 25 25
&7 8. General clectrical
. a. Distributed systems (bus ducts, conduit, cable tray) 1.0 3.5
& b. Equipment 1.0 25

bie or flexibly attached equipment, and 1, assigned (o rigid or rigidly attached equipmeat.

where: & .

Acceleration of gravity in inches/sec? (mm/s?). =
K, = Stiffness 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.

= Component fundamental period.

= 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 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 supports. Mechanical and electri-
cal component supports and the means by which they are
attached to 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 CODE®

a mmmnmmmﬁ.mmdgummwmuumm 1. The reduced value of a, shall be betweea 2.5, assigned to flexi-

comprising the means of attachment. Such supports
include, but are not limited to, structural members, braces,

- frames, skirts, legs, saddles, pedestals, cables, guys, stays,

snubbers and tethers. Component supports are permitted to
be forged or cast as a part of the mechanical or electrical
component. If standard or proprietary supports are used,
they shall be designed by either load rating (i.e., testing) or
for the calculated seismic forces. The stiffness of the sup-
port shall be designed such that the seismic load path for the
component performs its intended function.

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

The means by which supports are attached to the compo-
nent, except when integral (ie., cast or forged), shall be
designed to accommodate both the forces and 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 support attachment point to the component shall
be designed to resist the effect of the load transfer on the
component wall.

381
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LA | ] : \ | (e r———
TABLE 1622.2.5(1) STRUCTURAL D
TABLE 1622.2.5(1)
SEISMIC COEFFICIENTS FOR NONBUILDING STRUCTURES
Response System Defiection STRUCTURAL SYSTEM AND HEIGHT LIMITSE
Modification | Over-Strength | Ampiication category a8
Coefficient |  Factor Factor 181
NONBUILDING STRUCTURE TYPE R 0, Cy 8 [ ] EorF
1. Nonbuilding frame systems: ]
a. Concentric braced frame of steel .o NL NL NL NL
b Smgnl conculnc braced frames of stecl 2 NL NL NL NL
g frame sy
a. Special momem fm'nes of stccl NL NL NL NL
b. Ordlnl-y moment frames of steel See Table NL NL 50 50
<. frames of 1617.6 NL NL NL NL
d. Intermediate moment frames of NL NL 0 | 50
3. Ordinary moment frames of concrete NL 50 NP NP
4. Steel storage racks 4 2 3 NL NL NL NL
5. Elevated tanks, vessels, bins or hoppers®
a. On braced legs 3 2 22 NL NL NL NL
b. On unbraced legs 3 2 2 NL NL NL NL
¢. lrregular braced legs single pedestal or skirt supported 2 2 2 NL NL NL NL
d. Welded stee! % 2 2 NL NL NL NL
¢. C ] 2 2 NL NL NL NL
6. Horizontal, saddle supported welded steel vessels 3 2 22 NL NL NL NL
G A :-b‘ﬂ::luvmekmpponedonwwwwwmsumlv 3 2 2 NL. NL NL NL
8. Flat bottom, ground supported tanks, or vessels:
a. Anchored (welded or bolted steel) 3 2 22 NL NL NL NL
b. Unanchored (welded or bolted steel) 22 2 2 NL NL NL NL
9. Reinforced or p d 3
a Tanks with reinforced nonsliding base > 3 2 2 NL NL NL NL
b. Tanks with anchored flexible base < 2 2 NL NL NL NL
10. Tanks with unanchored and unconstrained:
a Flexible base 12 12 12 NL NL NL NL
b. Other material 1'/2 1'/2 1'/2 NL NL NL NL
11. Cast-in-place concrete silos, stacks and chimneys having
walls continuous to the foundation 3 A } L . - o
12. Other reinforced masonry structures 3 2 2/2 NL NL 50 50
13. Other nonreinforced masonry structures 14/4 2 12 NL 50 50 50
14. Other steel and reinforced concrete distributed mass .
cantilever structures not covered herein including stacks, 3 2 =| 2% NL NL NL NL
chimncys, silos, and skirt-supported vertical vessels
15. :.n:udbm(ﬁmwadnngotmed),medmdu 3 2 24 NL NL NL NL
16. Cooling towers:
a Concrete or steel 32 13/4 3 NL NL NL NL
b. Wood frame 32 3 3 NL NL 50 50
17. Telecommunication towers
a Truss: Steel 3 12 3 NL NL NL NL
b. Pole:  Steel 12 122 12 NL NL NL NL
Wood 12 12 12 NL NL NL NL
Concrete 12 12 1A NL NL NL NL
c. Frame: Sicel 3 12 12 NL NL NL NL
Wood 2/ 12 12 NL NL NL NL
C 2 1/2 12 NL NL NL NL
|_18. Amusement structures and monuments 2 2 2 NL NL NL NL
19. Inverted pendulum-type {not el d tank)® 2 2 2 NL NL NL NL__|
20. Signs and billboards 32 13/a 3 NL NL NL NL J
2, g‘:‘:":"‘;v“"’“c g Structures, taks ce vessols not. W 2 2h NL 50 50 50

For SI: 1 foot = 304.8 mm.

NL = No limit.

NP = Not permitted.

a Support towers similar to buildi i \g those with irregularities (see Section 1616.5 for definition of irregular structures) shall comply
mmhm@mmorSemonlM?ﬂfovSemDamCmayFsmmm

b. anpom.stophgu,ac
¢. Above base.
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