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Purpose

It is desired to move forward with fabrication of components E-DC11130, NSTX-U
Casing Trial Asm Tool Fixture

These components will be used for a trial assembly and alignment of the NSTX-U CS Casing
on the TF/OH Bundle

The TF/OH Bundle will be standing in the Swing Fixture, E-DC1740, in the NSTX South High
Bay

A related calculation, NSTXU-CALC-12-13 qualified the stress analysis of this fixture
under the assumption of superimposed [Normal Operating Loads] + [“Off Normal”
Forces]

[Operational Loads] = weight of components + clamping force from studs
[“Off Normal”] = 1000 Ibf, applied horizontally in the worst direction,
at the center of mass of the casing (33% of weight)

Concerns were raised during the recently completed final design review regarding
whether or not the side load was sufficient to represent seismic loading

A site wide engineering department standard regarding Seismic Design Criteria is currently
being drafting, but not yet approved.

This calculation documents the actual Seismic Requirements for this type of equipment at
PPPL, per governing code, to provide justification of the assumed loads while release of
the site wide standard is pending
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¢ D ra Wi n g E - D C 1 1 1 3 O Casing Flange Casing Jack (Tool Fixture)

o NSTX-U Casing Tria| Asm TOOl Fixture : (TF/OH Bundle Interioromitt for clarity)
Field Setup

* NSTXU-CALC-12-13

* Structural Qualification of E-
DC11130, NSTX-U Casing Trial Asm
Tool Fixture

ERE R P

Casing Support Plate
(Tooling Plzate for this Job)
Bolted to Casing

There is a slip plane w/ Teflon
/ e .t b/w the Casing Support Plate

| [ o5 I ¥ and Casing Jack for in horizontal translation,f ‘=

O [~ = <1 I3g o

Casing Jack sits on a tooling plate,
which is bolted on top of the OH Bottom Support
Weldment

Bottom Support Weldment

Casing Jack Leg

Base Plate

:::::::::
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Summary of Conclusions

DOE Standard 1020 refers to ASCE 7 as the governing code for
seismic qualifications of facilities like NSTX-U

Fixtures like the Trial Fit Assembly Tooling can be classified as
nonbuilding structures, not similar to buildings, supported by other
structures, weighing less than 25% of the combined seismic mass

The Seismic Design Earthquake Loads for the Tooling Fixture are:

285 |bf of horizontal side load, at the center of mass of the [Tooling Fixtures + Casing]
system

113 Ibf of vertical load, applied in the worst direction

The load combinations that must be sustained are:
70% of the Seismic Load + 100% of the normal operating loads + 100% Dead Weight
70% of the Seismic Load + 100% of the normal operating loads + 60% Dead Weight

Resonance with the earthquake frequencies must be avoided
This can be done by modifying the connection of the Casing to Swing Fixture to
increase lateral stiffness, e.g., through threaded rods or shims, etc.

These bolstering lateral supports are necessary if the Casing is left installed on the
Tooling Fixtures for more than a day or so, but they are not needed while active work

is ongoing
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Requirements Traceability
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Requirements Traceability

, Natural Phenomena Hazards Analysis
and Design Criteria for DOE Facilities is the governing order
for seismic hazards at non-nuclear DOE facilities.

References IBC-2015 (International Building Code) for Seismic Design

references ASCE-7

American Society for Civil Engineers, Standard on Minimum Design
Loads for Buildings and Other Structures

This presentation uses (2010)

Although there is a newer version of the code (ASCE 7-16 2016), the
state of NJ has not yet adopted the new version. PPPL facilities, as a
rule of thumb, follows the codes versions as adopted by NJ.


https://www.standards.doe.gov/standards-documents/1000/1020-astd-2016/@@images/file
https://codes.iccsafe.org/public/document/IBC2015/chapter-16-structural-design
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/dd_jardins/DDJ-148%20ASCE%207-10.pdf

DOE-STD-1020-2016 references IBC-2015

2.2

NON-NUCLEAR FACILITIES

This Section applies to DOE facilities other than Hazard Category 1, 2, and 3 nuclear facilities. These
facilities do not have nuclear material above DOE Hazard Category 3 thresholds (see DOE-STD-1027-92,
Chg. 1, Hazard Categorization and Accident Analysis Technigues for Compliance with DOE Order
5480.23, Nuclear Safety Analysis Reports).

2.2.1

222

223

224

Facilities Without Chemical or Toxicological Hazards: For facilities that do not have any
chemical or toxicological hazards, categorization and design of SSCs subjected to NPH loads
shall be performed using the criteria and guidelines given in Chapter 16 of IBC-2015.

Facilities Containing Chemical or Toxicological Hazards: NPH design of these facilities is
required to meet the requirements of the Occupational Safety and Health Administration and any
applicable DOE rules and orders. NPH design of these facilities should follow a “graded
approach.” If the unmitigated failure consequences are such that the equivalent adverse effects
are below those for “Highly Toxic” as defined in 29 CFR §1910.1200, Toxic and Hazardous
Substances, Appendix A, the SSCs should be designed following IBC-2015 requirements, as
applicable. (See also Footnote b to Table 1604.5 of IBC-2015.)

Radiological Facilities: NPH design of SSCs in radiological facilities shall follow the criteria of
IBC-2015.

Criteria for Evaluating Lightning Hazards: Lightning protection shall be in accordance with
the NFPA-780-2017, Standard for the Installation of Lightning Protection Systems. Annex L of
NFPA-780-2017 provides guidance to determine if a lightning protection system is required. For
facilities in which a Faraday cage 1s selected, Chapter X of DOE-STD-1212-2012, Explosives
Safety, provides guidance on installation, inspection, and maintenance. According to

DOE-STD-1020-2016



IBC 2015 References ASCE 7

2015 International Building Code

Oct 2015

CHAPTER 16 STRUCTURAL DESIGN

B L L T e

N LR ILpE LN 5 M PSR LA RIS T AL N § T e A e

SECTION 1613
EARTHQUAKE LOADS

1613.1 Scope.
EVE‘I"}' structure, and portion thereof, including nonstructural CO[T'IDOI'IE‘HT.S that are permarlently attached to structures and their SU[JDOI'TS and attachments, shall

be designed and constructed to resist the effects of earthgquake motions in accordance with ASCE 7, excluding Chapter 14 and Appendix 11A. The seismic
design category for a structure is permitted to be determined in accordance with Section 1613 or ASCE 7.

Exceptions:
1. Detached one- and two-family dwellings, assigned to Seismic Design Category A, B or C, or located where the mapped shori-period spectral
response acceleration, Sg, is less than 0.4 g.

2. The seismic force-resisting system of wood-frame buildings that conform to the provisions of Section 2308 are not required to be analyzed as
specified in this section.

3. Agricultural storage structures intended only for incidental human occupancy.

4. Structures that require special consideration of thelr response characteristics and environment that are not addressed by this code or ASCE 7 and
for which other regulations provide seismic criteria, such as vehicular bridges, electrical transmission towers, hydraulic structures, buried utility lines
and their appurtenances and nuclear reactors.

Mardenfeld 2018-05-02 NSTXU-CALC-12-14-00 9



Site Characteristics
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Site Soil Classification and Building Risk Category

This presentation makes conservative assumptions,
because they do not affect the acceptability of the
Tooling Fixture Components

This is should not be interpreted to mean that the
loads in this document are necessarily required for

other equipment
Assume

Building Risk Category is IV, because it is most
conservative and D-Site is designated as an emergency

shelter
Assume Site Soil C

ass is C, because a question was

raised regarding whether B or C is more appropriate,

and Cis the more

burdensome requirement



L
Site Soil Classification and Building Risk Category

Table 1.5-1 Risk Category of Buildings and Other Structures for Flood, Wind, Snow, Earthquake, and Ice Loads

Use or Occupancy of and Risk Category

, e Conservatively assume D-Site
All buildings and other structures except those listed in Risk Categories 1. I11, and IV, || EX p e r‘i m e nta I A re a S a r‘e R i S k

Buildings and other structures, the failure of which could pose a substantial risk to human life. 11}

Buildings and other structures, not included in Risk Category IV, with potential to cause a substantial economic impact and/or mass Ca tego ry IV
disruption of day-to-day civilian life in the event of failure,

Buildings and other structures not included in Risk Category 1V (including, but not limited to, facilities that manufacture, process, handle,

store, use, or dispose of such substances as hazardous fuels, hazardous chemicals, hazardous wasie, or explosives) containing toxic or [ J CO n S e rvat i ve Iy a S S u m e S o i I

explosive substances where the guantity of the material exceeds a threshold quantity established by the authority having jurisdiction and is
sulficient o pose a threal (o the public if released.”

Buildings and other desi d as ial facilities. w Class is IIC”, even though it

Buildings and other structures, the failure of which could pose a substantial hazard to the community.

H uprn

Iiulldmg.v. and other structures (mcllldmg but not limited to, facilities that manufacture, process, handle, store, use, or dispose of such m Ig t e B
es a8 fuels, h dous chemicals, or hazardous waste) containing sufficient quantities of highly toxic substances where

the quantity of the material exceeds a threshold quantity established by the authority having jurisdiction and is sufficient to pose a threat

1o the public i released.”

Buildings and other structures required 1o maintain the functionality of other Risk Category TV structures.
Seismi Table 20.3-1 Site Classification
eismic
Design
Criteria ] - - - _
Tokamak Fusion SOIL  LAYERS APPROXIMATE DESCRIPTION OF SOIL Site Class Vs Nor Na, Su
Test Reactor ELEVATIONS
Test Cell Area ) : A. Hard rock >5.000 ft/s NA NA
Princaian Plsma P L srory " 106. e
\ . prrIer——TY Rock 2300 0 3000 fi/s  NA NA
E:?.‘»':WAT“ : 101.00 o oos DRAWE SR SAD C. Very dense soil 1,200 to 2,500 ft/s  >50 >2,000 pst
Grow), on THF TO WD SRy, and soft rock
ORa - -
Prp—— SaNDY, CLAYEY SILT (ML-CL) D. Stiff soil 600 to 1,200 ft/s 15to 50 1,000 to 2,000 psf
Aochiteers. 8100 .
i WEATHERED AND FRACTURED SOFT TO E. Soft clay soil <600 fi/s <15 <1,000 psf
e HARD SILTSTONE AND SANDSTCNE. SHEAR
WAVE  VELOCITY = 1100 TO I800 FPS Any profile with more than 10 ft of soil having
the following characteristics:
— B D SOFT O —Plasticity index PI > 20,
Basement o S : : HARD SILTSTONE AND SANDSTONE WITH —MOiSI’.L_er content w = 40%,
elevation is 10 e e ; oy nve veLociy = 760" T0 3300 —Undrained shear strength s, < 500 psf
P FPS
78 B F. Soils requiring  See Section 20.3.1
) site response
ATTACHMENT 7: SOIL LAYER SYSTEM IN THE VICINITY OF THE analysis in
TFT.A.  COMPLEX accordance
with Section
21.1




Seismic Design Parameters per ASCE 7/

ZUSGS Design Maps Summary Report

a changing world

User—Specified Input

Building Code Reference Document ASCE 7-10 Standard
(which utilizes USGS hazard data available in 2008)

Site Coordinates 40.35075°N, 74.60408°W
Site Soil Classification Site Class C - "Very Dense Soil and Soft Rock™

Risk Category IV (e.g. essential facilities)

USGS-Provided Output

S.= 02379
S, = 00869

0.284 ¢
0.112¢g

0.189g
0.075g

Sus = Sos =
S = 5o =
For information on how the 55 and 51 values above have been calculated from probabilistic (risk-targeted) and

deterministic ground motions in the direction of maximum horizontal response, please return to the application and

select the "2005 MEHRE” building code reference document.

MCE; Response Specirum Design Response Spectrum

0z

030 om
oz o
LN o
021 o
E @ on
3 s 3 ow
o2 o
o am
o6 o
om nm
om 4 om

00 0D 040 0f0 0B 101X L4016 1S 20 0 0m 040 0f0 0B 10 1D 140 L0 1m0 2
Period, T (sec) Period, T isech

For PGA,, T, C,., and C,, values, please view the detailed report.

Although this information is 2 product of the U.S. Geological Survey, we provide na v
accuracy of the data contained therain. This tool is not a substitute for tachnical subj

S.= 0.237¢

S, = 0.066¢

Mardenfeld 2018-05-02

S5 = mapped MCEg, 5 percent damped,
spectral response acceleration parameter
at short periods as defined in Section
11.4.1
S, = mapped MCEg, 5 percent damped,
spectral response acceleration parameter
at a period of 1 s as defined in Section
11.4.1
Sps = dﬂsig‘n, 5% damped,‘si:becn'al response acceleration
parameter at short periods as defined in Section
11.44
Sp = design, 5% damped, spectral response acceleration

parameter at a period of 1 s as defined in Section
11.44

Sus = the MCEy, 5% damped, spectral response accelera-
tion parameter at short periods adjusted for site
class effects as defined in Section 11.4.3
Sy = the MCEg, 5 percent damped, spectral
response acceleration parameter at a
period of 1 s adjusted for site class effects
as defined in Section 11.4.3

ASCE 7 provides detailed guidance on how to apply these numbers

Sus = 0.284 ¢ Spc =
S, = 0.112g S,, =

0.189 g

0.075 g -



Application of ASCE-7 to the
Trial Assembly Tooling Fixtures

Equivalent Static Horizontal Force

Mardenfeld 2018-05-02 NSTXU-CALC-12-14-00 14



e AR B
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass

15.3 NONBUILDING STRUCTURES SUPPORTED BY o
OTHER STRUCTURES Use Chapter 13 to

Where nonbuilding structures identified in Table 15.4-2 are sup- com pUte deSIgn SeIsmic
ported by other structures and nonbuilding structures are not part desi gn fO rces

of the primary seismic force-resisting system, one of the follow-

ing methods shall be used.

15.3.1 Less than 25% Combined Weight Condition. For the * Use constants defined per
condition where the weight of the nonbuilding structure is less . .
than 25% of the combined effective seismic weights of the non- Cha pter 13 if appllcable,

building structure and supporting structure, the design seismic
forces of the nonbuilding structure shall be determined in accor- else use constants per
dance with Chapter 13 where the values of R, and a, shall be Cha pter 15

determined in accordance to Section 13.1.5. The supporting

structure shall be designed in accordance with the requirements

of Chapter 12 or Section 15.5 as appropriate with the weight of

the nonbuilding structure considered in the determination of the ° The Tr‘ial Fit TOOlin g

effective seismic weight, W. . .. .
¢ Fixtures fit in this category
13.1.5 Application of Nonstructural Component Require-

ments to Nonbuilding Structures. Nonbuilding structures
(including storage racks and tanks) that are supported by other
structures shall be designed in accordance with Chapter 15.
Where Section 15.3 requires that seismic forces be determined
in accordance with Chapter 13 and values for R, are not provided
in Table 13.5-1 or 13.6-1, R, shall be taken as equal to the value
of R listed in Section 15. The value of a, shall be determined in
accordance with footnote a of Table 13.5-1 or 13.6-1.

Mardenfeld 2018-05-02 15
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Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Equation

13.3 SEISMIC DEMANDS ON F, 1s not required to be taken as greater than
NONSTRUCTURAL COMPONENTS F, = 1.6S,d,W, (13.3-2)

13.3.1 Seismic Design Force. The horizontal seismic design and F), shall not be taken as less than

force (F),) shall be applied at the component’s center of gravity F, = 0.3Spsl,W, (13.3-3)

and distributed relative to the component’s mass distribution and

shall be determined in accordance with Eq. 13.3-1: R
F, = seismic design force
F, = 0'4aPSDSWP 1+2£ (13 3-1) Sps = spectral acceleration, short period, as determined from
N o Section 11.4.4
_P

a, = component amplification factor that varies from 1.00 to
Ip 2.50 (select appropriate value from Table 13.5-1 or 13.6-1)
I, = component importance factor that varies from 1.00 to 1.50
(see Section 13.1.3)
W, = component operating weight
R, = component response modification factor that varies from
1.00 to 12 (select appropriate value from Table 13.5-1 or
13.6-1)
z = height in structure of point of attachment of component
with respect to the base. For items at or below the base, z
shall be taken as 0. The value of z/h need not exceed 1.0
h = average roof height of structure with respect to the base

The force (F),) shall be applied independently in at least two
orthogonal horizontal directions in combination with service
loads associated with the component, as appropriate. For verti-
cally cantilevered systems, however, the force F, shall be
assumed to act in any horizontal direction. In addition, the com-
ponent shall be designed for a concurrent vertical force
+0.25psW,. The redundancy factor, p, is permitted to be taken
equal to 1 and the overstrength factor, €2y, does not apply.

Mardenfeld  2018-05-02 ASCE STANDARD  ASCE/SEI 7-10 16



T - AN LAN”€ L—tLL ALL~bFi
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Ip Constant

13.1.3 Component Importance Factor. All components shall
be assigned a component importance factor as indicated in this b =1.0
section. The component importance factor, /,, shall be taken as p=2
1.5 if any of the following conditions apply:

1. The component is required to function for life-safety pur-

poses after an earthquake. including fire protection sprin-

kler systems and egress stairways. 0.4a,SpsW, z

2. The component conveys, supports, or otherwise contains Fp = L . (1+2—) (13.3-1)
toxic, highly toxic, or explosive substances where the R
quantity of the material exceeds a threshold quantity estab- @

lished by the authority having jurisdiction and is sufficient
to pose a threat to the public if released.

3. The component is in or attached to a Risk Category IV
structure, and it 1s needed for continued operation of the
facility or its failure could impair the continued operation
of the facility.

4. The component conveys. supports, or otherwise contains
hazardous substances and is attached to a structure or
portion thereof classified by the authority having jurisdic-
tion as a hazardous occupancy.

All other components shall be assigned a component importance

factor, 1. equal to 1.0.

Mardenfeld  2018-05-02 ASCE STANDARD  ASCE/SEI 7-10 17



Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Elevation Compensation

Z=0 is taken as the grade level.

Subgrade components are also taken Z=0

Since the Tooling Fixtures are mounted on the

NSTX-U TC floor, Z=0 and:
[1+2(z/h)] =1

Mardenfeld

2018-05-02

ASCE STANDARD

(13.3-1)

z = height in structure of point of attachment of component
with respect to the base. For items at or below the base, z
shall be taken as 0. The value of z/h need not exceed 1.0

h = average roof height of structure with respect to the base

. ASCE/SEI 7-10




B . rrt P
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Sds

e Sds value taken from previous slide

e Sds=0.189g
0440,
F, = p7p (1402 (13.3-1)
R, h
I,
S.= 0.237g S, = 0.284¢ S,.= 0.189g
S,= 0.066g S,,= 0.112g S, = 0.075g

Mardenfeld  2018-05-02 ASCE STANDARD  ASCE/SEI 7-10 19



B BT
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Ap

Table 13.6-1 Seismic Coefficients for Mechanical and Electrical Components

?A lower value for a, is permitted where justified by detailed dynamic analyses. The value for a, shall not be less than 1. The value of a, equal to 1 is for rigid
components and rigidly attached components. The value of a, equal to 24 is for flexible components and flexibly attached components.

*Components mounted on vibration isolators shall have a bumper restraint or snubber in each horizontal direction. The design force shall be taken as 2F, if
the nominal clearance (air gap) between the equipment support frame and restraint is greater than 0.25 in. If the nominal clearance specified on the construction
documents is not greater than 0.25 in., the design force is permitted to be taken as F,.

“Owerstrength as required for anchorage to concrete. See Section 12.4.3 for inclusion of overstrength factor in seismic load effect.

13.1.5 Application of Nonstructural Component Require-
ments fo Nonbuilding Structures. Nonbuilding structures
(including storage racks and tanks) that are supported by other . _
. . . 13.6.2 Component Period. The fundamental period of the

structures shall be designed in accordance with Chapter 15. . o

) . A ) nonstructural component (including its supports and attachment
Where Section !5.3 requires that seismic forces be determ!ned to the structure), T, shall be determined by the following equa-
in accordance with Chapter 13 and values for R, are not provided tion provided that the component, supports, and attachment can
in Table 13.5-1 or 13.6-1, R, shall be taken as equal to the value be reasonably represented analytically by a simple spring and

of R listed in Section 15. The value of a, shall be determined in mass single degree-of-freedom system:

accordance with footnote a of Table 13.5-1 or 13.6-1. W,
Ty =2m (13.6-1)
g
P

where

COMPONENT: A part of an architectural, electrical, or T, = component fundamental period
mechanical system. W, = component operating weight

. . ¢ = gravitational acceleration
Compﬁnem’l NOﬂ‘lStP“f:t“ll'al- A 135{1';1’ of an ?11- Chlte‘gu}ﬁ;’ K, = combined stiffness of the component, supports and attach-
mechanical, or electrical system within or without a build- ments, determined in terms of load per unit deflection at

ing or nonbuilding structure. the center of gravity of the component
Component, Flexible: Nonstructural component having a
fundamental period greater than 0.06 s.
Component, Rigid: Nonstructural component having a fun-
damental period less than or equal to 0.06 s.

Alternatively, the fundamental period of the component, T,
in seconds is permitted to be determined from experimental test
data or by a properly substantiated analysis.

Mardenfeld 2018-05-02 20



B BT
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Ap

1000 7b N 1000 Ibf
k= _ / = leb —
0.17in m
L o= Oy = e 0.23 sec
ke le6 N/m

= Since Tp > 0.06 seconds, this is a “flexibly
mounted component”

* SoOAp=2.5

Mardenfeld 2018-05-02 21



B . rrt P
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: R

Table 15.4-2 (Continued)

Structural System and Structural Height, hp,

Limits (ft)*<
Detailing
Nonbuilding Structure Type Requirements® R Q Cqy A&B Cc D E F

Pole: Steel 15 1.5 15 NL NL NL NL NL
Wood 1.5 1.5 1.5 NL NL NL NL NL
Concrete 1.5 1.5 1.5 NL NL NL NL NL
Frame: Steel 3 1.5 1.5 NL NL NL NL NL
Wood 1.5 1.5 1.5 NL NL NL NL NL
Concrete 2 1.5 1.5 NL NL NL NL NL
Amusement structures and monuments 15.6.3 2 2 2 NL NL NL NL NL
Inverted pendulum type structures (except elevated tanks, 12.2.5.3 % 2 2 NL NL NL NL NL

vessels, bins, and hoppers)
Signs and billboards 3.0 1.75 3 NL NL NL NL NL
All other self-supporting structures, tanks, or vessels not 1.25 2 25 NL NL 50 50 50

covered above or by reference standards that are not similar
to buildings

* R=20

Mardenfeld 2018-05-02 NSTXU-CALC-12-14-00 22



B . rrt P
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass:  Results

13.3 SEISMIC DEMANDS ON
NONSTRUCTURAL COMPONENTS

13.3.1 Seismic Design Force. The horizontal seismic design
force (F,) shall be applied at the component’s center of gravity
and distributed relative to the component’s mass distribution and
shall be determined in accordance with Eq. 13.3-1:

E, = Q4apSos W,y (1+2i) (13.3-1)

R, I

v
* Ap = 25
e Sds = .189 0.095*mg
* Rp = 2.0 0.095*3000 Ibf
e Ip - 10 285Ibf
e (142z/h) = 1.0

Mardenfeld  2018-05-02 ASCE STANDARD  ASCE/SEI 7-10 23



Application of ASCE-7 to the
Trial Assembly Tooling Fixtures

Equivalent Vertical Force and
Limits on Deflection

Mardenfeld 2018-05-02 NSTXU-CALC-12-14-00 24



B . rrt P
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Vertical Load

* There is also a vertical load and displacement criteria
which need to be simultaneously applied

13.3 SEISMIC DEMANDS ON
NONSTRUCTURAL COMPONENTS

s L

The force (F,) shall be applied independently in at least two
orthogonal horizontal directions in combination with service
loads associated with the component, as appropriate. For verti-
cally cantilevered systems, however, the force F, shall be
assumed to act in any horizontal direction. In addition, the com-
ponent shall be designed for a concurrent vertical force
+0.25,5W,. The redundancy factor, p, is permitted to be taken
equal to 1 and the overstrength factor, €2, does not apply.

So for the Trial Fit Tooling Fixtures:
=  0.2*Sds*mg

= 0.2*.189*3000
= 113 Ibf




Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Displacement Criteria

There is also a vertical load and displacement criteria
which need to be simultaneously applied

13.6.5.2 Design for Relative Displacement. Component sup-
ports shall be designed to accommodate the seismic relative
displacements between points of support determined in accor-
dance with Section 13.3.2.

13.3.2.1 Displacements within Structures. For two connec- Th|S is not releva Nt
tion points on the same structure A or the same structural system, .
one at a height A, and the other at a height h,., D, shall be deter- for d com ponent ||ke

mined as

the Trial Fit Tooling,

D -_ -'Q"_H - eﬁ\-__-; (]3,?!—(}] .
’ | which connects to the

Alternatively, D, is permitted to be determined using modal

procedures described in Section 12.9, using the difference in bU||d|ng (ﬂoor) at the
story deflections calculated for each mode and then combined .
using appropriate modal combination procedures. D, is not same he|ght for a”
required to be taken as greater than .
d s points
1, —h, ). _
D, =~ ) Bt (13.3-7)
h.ﬂ.'
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e
Nonbuilding Structures

not similar to structures, supported by other structures, less than 25% mass: Dynamic Effects

13.6 MECHANICAL AND |
ELECTRICAL COMPONENTS -

Where deswn of mechangcal and electrical components for
,,,,,,,,,,,,,,,,,,,,,,,,, der tion shall be given to the
dynamic effects of the com %ﬂc their contents, and where Casié
appropriate, their supports and attachments. In such cases, the
interaction between the components and the supporting struc-
tures, including other mechanical and electrical components,

shall also be considered.

R#
o
L wa]

/ ﬂ..,p.ss cHekws Bl
veeir gy (pstk Ana )
"F (Bunote

)

MAentnfEL0 2 g 2016

Shims: Concept Only

. Design Response Spectrum 1360 }\g
Ty o V \/186 N/m

0. 16

0.4

* The fundamental frequency of the tooling fixture
structure is close to the Earthquake dominant
frequency
*  Thisisn’t acceptable

*  The plan to install shims between the top of the Casing and
-C : ) F———————+— the TF Bundle is needed to change the effective stiffness
000 RO 040 JO&O O0N0 10 L2040 160 130 200 and avoid resonance
Period, T (sec)
. The dominant stiffness will be compression of the blocks, rather
than bending of the studs — expect a large increase in stiffness

012

Sa (g

0.10
oos
0.0t

0
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SR
Load Combinations described within ASCE 7

2.4 COMBINING NOMINAL LOADS USING
ALLOWABLE STRESS DESIGN

2.4.1 Basic Combinations. Loads listed herein shall be consid-
ered to act in the following combinations; whichever produces
the most unfavorable effect in the building, foundation, or struc-
tural member shall be considered. Effects of one or more loads
not acting shall be considered.

D

D+ L

D+ (L,or SorR)

D + 0.75L + 0.75(L, or S or R)

. D+ (0.6Wor0.7E)

a. D+ 0.75L + 0.75(0.6W) + 0.75(L, or S or R)
b. D + 0.75L + 0.75(0.7E) + 0.75§

0.6D + 0.6W

0.6D + 0.7E

Sl S

N e e V)

= A, = load or load effect arising from extra ordinary event A

D = dead load

D; = weight of ice

E = earthquake load

F = load due to fluids with well-defined pressures and maximum
heights

F, = flood load

H = load due to lateral earth pressure, ground water pressure,
or pressure of bulk materials

L = live load

L, = roof live load

R = rain load

S = snow load

T = self-straining load

W = wind load

W; = wind-on-ice determined in accordance with Chapter 10

When using Allowable Stress Design, only a fraction of the Earthquake Load shall be used in combination with other

types of loads.

Load Cases 5 & 8 are the most applicable to PPPL Experimental Equipment like the Trial Fit Tooling:

e 70% of Earthquake Load superimposed with
* 100% of Stud Clamping Forcer
*  Worst case of 60% or 100% of Dead Load

LA = HE. Gl Pl Rz W W el 3.

): A load produced by the use and occupancy of
the building or other structure that does not include construction
or environmental loads, such as wind load, snow load., rain load,
earthquake load, flood load. or dead load.

Mardenfeld  2018-05-02 ASCE STANDARD

CHAPTER 4
LIVE LOADS
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Summary of Conclusions

DOE Standard 1020 refers to ASCE 7 as the governing code for
seismic qualifications of facilities like NSTX-U

Fixtures like the Trial Fit Assembly Tooling can be classified as
nonbuilding structures, not similar to buildings, supported by other
structures, weighing less than 25% of the combined seismic mass

The Seismic Design Earthquake Loads for the Tooling Fixture are:

285 |bf of horizontal side load, at the center of mass of the [Tooling Fixtures + Casing]
system

113 Ibf of vertical load, applied in the worst direction

The load combinations that must be sustained are:
70% of the Seismic Load + 100% of the normal operating loads + 100% Dead Weight
70% of the Seismic Load + 100% of the normal operating loads + 60% Dead Weight

Resonance with the earthquake frequencies must be avoided
This can be done by modifying the connection of the Casing to Swing Fixture to
increase lateral stiffness, e.g., through threaded rods or shims, etc.

These bolstering lateral supports are necessary if the Casing is left installed on the
Tooling Fixtures for more than a day or so, but they are not needed while active work

is ongoing
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Comparison to SLAC Seismic Standard
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Comparison to SLAC Seismic Design Guidance

Table 2 Seismic Ground Motion Values” Table 1 Horizontal Earthquake Acceleration Values for Experimental Equipment
SDG SDC SDGC

Location S: S So! Sp1 RC. 1M RC. I RC IV Horizontal Earthquake Acceleration

1 2185 0922 1457 > 0922 E E F

2 2190 0928 1460 0928 E E F 280 and West,

3 299 0.950 1533 0.960 E E F incl. Sector 25 East of 280 Experimental Equipment Structure Type Similar to the Following

4 2358 0977 1572 0917 E E F 080g @ * Elevated tanks, vessels, bins, or hoppers on symmetrically braced legs

5 2563 1014 1.709 1014 E E F » Honzontal, saddle supported welded steel vessels

6 2403 0973 1602 0973 E E F = Flat-bottom ground-supported tanks (steel or fiber reinforced plastic)

7 2483 0.991 1,655 0991 E E F = Steel and reinforced concrete distributed mass cantilever structures

8 2613 1022 1742 1022 E E F * Components and systems isolated using neoprene elements

9 2145 e Lty Hlzd E = 5 0859 = Elevated tanks, vessels, bins, or hoppers on unbraced or asymmetrically
10 2840 1094 1.893 1.094 E E F braced legs

11 2.897 1132 1.931 1132 E E F = |nverted pendulum type structure (except elevated tanks, vessels, bins or
12 2946 1164 1.964 1164 E E F hoppers)

13 3001 1198 < 2000 > 1198 E E F = Spring isolated components and systems

14 2323 0.959 1549 0.959 E E F

We can use comparison as a “sanity” check
A s

]
5'
(¢

g

Design loads for simplified procedures are

proportional to Sds

A PPPL has Sds between 9.5% and 13.0% of SLAC
0.189/2.000 = 0.0945, 0.189/1.457 = 0.0129

So PPPL should have design accelerations for

experimental equipment between 0.066g and 0.130g
0.0945*.70 = .066, 0.0130*1.0=0.013

SLACTI0CAMED0LR005
20 December 015
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