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U.8, Nuclear Regulatory Commiesion
ATTN: Document Control Desk
Washington, D.C., 20885

Gent lamen:

In the Matter of ) Docket Nos. 50~2869
Tenneseee Valley Authority ) 50-260
§0-296

BROWNS FERRY NUCLEAR PLANT (BFN) ~ RESOLUTION OF THE THERMAL GROWTH I1SSUE
OUTSIDE CONTAINMENT (TAC NOS. MB80618, MBO619, AND M80620)

References: 1) NRC letter to TVA, dated May 12, 1992, Summary of the
April 30, 1992 Meeting with the Tennessee Valley
Authority Regarding Thermal Growth of Steel Structures

2) NRC letter to TVA, dated July 13, 1992, Safety
Evaluation and Request for Additional Information
Regarding Browns Ferry Nuclear Plant Unita 1, 2, and 3
Design Criteria for Lower Drywell Steel Platfo-ms and
Miscellaneous Steel

| 3) TVA letter to NRC, dated July 20. 1992, Resolution of
the Thermal Growth Issue

| This letter provides information for the reeoclution of the thermal growth

[ outside containment issue at BFN. Ae documeénted in Reference 1, TVA and

| NRC met to discuss the methordology used to evaluate the effects of thermal

| growth on structural steel configuratione at BFN. This issue was

| documented as a Safety Evaluation Repor: (SER) open item in Reference 2.
The results of TVA'e previous analysis of thermal ‘cads on structural
steel configurations and ite plan for developing the additional analyses
was provided in Reference 3.
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Also in Reference 3, TVA committed to prepare & esummary of  .e
calculations used to address the thermal growth issue and to perform
linear analyses for those structural configurations that exhibited the
highest level of thermally induced strees. The enclosure to this letter
satisfies this commitment. TVA also committed to make the supporting
calculationes available for NRC review. These calculationg are available
for NRC review 8t TVA'e Rockville office.

The enclosure discusees the specific thermal growth issues that were
performed for the Reactor Bulilding Unit 2 miecellaneous steel structuree
located outeide the drywell and the Unita 1 and 3 structures that were
regquired to support Unit 2 operation, However, the thermal growth
concerns addressed in the enclosed report are also applicable to
structural steel configurations for Unite 1, 2, and 4,

The criteria and methods outlined in the enclosure represent a
conpervative approach to determine and limit structurel behavior of

mi- %llanecus steel structures under extreme thermal loads in combination
wit. dead, 'ive and seiemic loads. This has been confirmed by
demonstrating that the acceptance criteria of BFN~50-C-~7100 and Design
Guide DG~C1.6.12 result in acceptably emall deflectionr. Further
validation of the criteria is provided by the linear analysis results that
show the limiting case structural configuratione have linear stresses less
than twice che yield stress. The twice yield stress ie the basis for the
ASME stress intensity limit for primary plue se~ dary stressmns. Standard
Review Plan (SRP) 3.8.4 states "thermal loade . : ¢ neglected when it can
be shown that they are secondary and self-limiting i . nature and where the
material is ductile." TVA's thermal evaiuation demonstrates that
implementation of BFN'e design criteria iJ consistent with this provision
of SRP Section 3.8.4,
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1f the Staff has any gquestions regarding this methodology or the
supporting calculstions, TVA i available for a mmeting at the Staff'se
earliest convenience., There are no commitments c.ntained in this letter.
TVA requests a Supplemental SER be issued to document the resolution of
thie SER cpen i"em, If you have any gquestions, please contact

G. D. Plerxce, Interim Manager of Site Licensing, at (205) 729-7566.

Sincerely,

dalien

Zeringu

Enclosure

o¢ (Enclosure):
NRC Resident Inspector
Browns Ferry Nuclear Plant
Route 12, Box 637
Athene, Alabama 35611

Mr, Thierry M. Rose, Project Manager
U,8, Nuclear Regulatory Commiession
One White Flint, North

11658 Rockville Pike

Rockville, Maryland 20852

Mr. B. A, Wilson, ‘roject Chief
U.8. Nuclear Regulatory Commiseion
Region 11

101 Marietta Street, NW, Suite 2500
Atlanta, Georgia 30323



ENCLOSURE
BROWNS FERRY NUCLEAR PLANT (BFN)
RESOLUTION OF THE THERMAL GROWTH ISSUE

INTRODUSTION

An discussed during the April 30, 1992 TVA/NRC meeting and confirmed by TVA'e
July 20, 1992 letter, TVA committed to provide an explanation of why the two
cases it selected for analysis prior to the restart of BFN Unil 2 were the
meet limiting of the approximately 20 structural configurations that behaved
in a non=linear fashion. TVA committed to include as part of this explanation
& tabulsr summary of these structural configurations and their critical
parameters, TVA aleo committed to perform ANSYS linear acalyses for the
structural configurations that exhibited tie highest level of thermally
induced strees and provide a comparison between the results of the two

anaiyses. From thir “~arisor, an evaluation of the acceptability cf the
nonlin@ar analyeis <gueu +*’w ‘@ prepared. 1In addition, the supporting
caleulations were ¢  Fu rwu o 4il. w for NRC review at TVA'# Rockville
cffice.

This report ard the annutat .4 veferences that are available for review at
TVA's Rockvilile Qffive satisfy these commitments. This report describes the
methodology ussd to address the tharmal growth lesuc, The evaluation included
the Uit ¢ miscellanecus steel structures located outside the fiywell, in the
Reactor Building, and the Unite 1 and 3 struoctureg required to support Unit 2
operation. While the thermal growth evaluations were performed specifically
to support Unit 2 operation, the results of the evaluatione included in this
report and the currvent governing design criteria (Reference 1) are also
applicable to the remaining structural steel configurations for Unite 1, 2,
and 3.

METHODOLOGY

The thermal growth evaluations for BFN Unit 2 miscellaneocus steel structures
located ocuteide the drywall invelved the ovaluation of approximataly 300
configurations. To facilitate the structural evaluation of this many
configurations in an effective manner, the evaluation program wase based on a
gereening approach that selected limiting structures foir later rigorous
evaluation (Reference 2).

The methadology for the thermal growth evaluation involved the steps listed
below. Details of these ateps and the methodology are described in the
following sections,
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(CONTINUED)

These determinations were made by engineers experienced in struciural steel
design. When the category claseification was in doubt, the more conservative
agpignment wae made. The ecreening resulte, listing the structures by
category, were documented in a calculation (Reference 3). The form of these
resulte wae the .dentification of the drawing number and associated details,
and classification as Category 1, 11, or 111. Category 111 structures, for
which thermal effects do not apply, received nc further consideration beyond
this gcreening ntage.

STEP 2 ~ IDENTIFICATION OF THERMALLY RESTRAINED STRUCTURES
he a result of the initial screening, only Category 1 and Il structures
remained for further ecreening and evaluation. These structures were analyzed
for their thermal responses in accordance with the methodologies given in BFN
Civil Design Guide DG-C1.6,12. To facilitate these analyesee, comparisons of
the design parameters (as noted below) were used to determine enveloping
detailes or configurations. For example, several enveloping configurations for
the miscellanecus steel beams attached to the Torus rocf steel were Jefined on
the basis of their having similar details of span length, environment,
temperature, and beam section deesignation. The following is a list of the
parameters used for selection of enveloping configuratione (References 4
and 5):

1. Temperature

2, Bpan length

3. Boundary restraint

4. Beam menber crose section properties

$. Column slenderness ratios

6. Wi th~to thickness ratios for local buckling

7. Mechanical loads

€. Similarity of geometry and loading (platforms)

The structures with high thermal restraint were selected for detailed
evaluatione. If the evaluations indicated that theee structural responses
wére within acveptable limits, then it wae concluded the rest of the
structures in the group enveloped by the critical cases were aleo considered
acceptable (Reference 6).
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(CONTINUED)

Then the structures with nonlinear behavior (those with ductility ratioce
grester than 1.0) were selected for further evaluation. To facilitate these
evaluations, the structuree were grouped on the baeis of configuration,
geometry, functien, and behavior, in such a way that the same basic structural
design and anslysis considerations applied to each group. The Groups were
defined as followst

Group 1 Miscellaneous steel beams attached to Torus roof steel (hereafter
referred to as Torus roof beams).

Group 2 Platform steel and miscellaneous steel structures (beams thermally
restrained).

Group 3 $hort W shape poets restraining W shape beams.
Group 4 Anchorages

Group & Single beam support steel framing

Group 6 Torue access platform

Groups 5 and 6 were modifled te eliminate large nonlinear responses that
resulted from thermal loads (References 7 and B) Therefore, further
evaluations were not performed, There were 36 enveloping configurations for
the Group 1, 2, 3, and 4 structures with ductility ratios greater than 1.0
(Reference 6). These enveloping configurations are provided in Table 1. Note
that some of these 36 configurations envelope other configurations or contain
more than one configuration for the identified case. Case 1 of Table 1, for
example, has seven subcases. Also note that for the purposee of clarity and
thie summary report, 36 envelopi-g configurations are depicted as opposed to
the approximately 20 most limiting struztural configuraticne discussed in
TVA's July 20, 1992 letter to NRC,

A subseguent detailed evaluation of Group 3 structures showed that they were
elagtic and Group 4 was not considered critical because of the anchorage's
ability to accommndate thermal growth in the lateral direction. Therefore,
further evaluationo of theee groups were not performed.

STEP 3 - BELECTION OF LIMITING CONFIGURATiONS

Prior to Unit 2 restar:, one enveloping case from Group 1 and one from Group 2
were selected for nonlinear analyaes by ANSYS, Thie selection was based on
the degree of thermal restraint and the magnitude of calculated ductility
ratios and superimposed deau and live loads. The pre- Lnit 2 enveloping cases
are included as Case 1 in Table 2 and Case 1 in Table 3. For the purposes of
thie report, ten additional cases were sele~ted for linear and nonlinear
analysis using t"& previous selection criteria.
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(CONTINUED)

Of the twelve total cases, eight were Torus reooi beams (eeven subcases of

Case 1 plue Case 34 in Takle 1) and four were platform steel and miscellaneous
steel structural configurations (Cises 14, 15, 21, and 28 of Table 1). These
12 cases envelope the Groups 1 and 2 configurations. The resulte of these
analyt 8 are provided in Tables 2 and 3, respectivel .

STEP 4 - ANSYS ANALYSIS& OF LIAITING CONFIGURATIONS

The ANSYS computer program wae used to perform linear as well as iterative
nonlinear analyeis for the eight Group 1 (Torue roof beams) and four

Group 2 (Platform and miscellanecus steel) erveloping con{ guratione, In the
ANSYS nonlinear analyses, both large displacement effects and nenlinear
strese~strain behavior were coneidered. The modeling and analysis
considerations for the enveloping case ANSYS nonlinear analyees ‘ere as
follows:

For the Group 1 etructures (Figure 1), the finite element model of the
W6 beam attached to the bottom flanges of the embedded castellated heams
ie shown in Figure 2. The beam {e divided intc 12 STIFZ4 type beam
finite elements. STIF24 is a uniaxial, three-dimensional, thin-walled
beam clement with tension-compression and bending capabilities. The
element material property weae specified ae elastic, perfectly plastic.
ANEYS analyses were performed for the thermal plus superimposed loads
for each of these seven configurations bae~4 on this finite element
model., For the single case of a 6 x 6 sguare tube attached to the
captellated beams (Case 34), the analysis and modeling approach was
similar.

For the Group 2 structures, analyeis and modeling was similar to that
for the Group 1 described above. The analymis for the W24x68 accees
platform beam, vhown as AB in Figure 4, typifies the general approach,
A three-dimensional elastic-plastic beam analysis was performed for the
member of interest with the restraints provided by surrounding and
adjacent membere represented by three~dimensional elastic beam finite
elemente. Figure § showe the detailed modeling of the W24. The cross
sectione were modeled in the same manner ae the Torus roof beams of
Group 1 (Figure 2).

Included in the ANSYS nonlinear analyses of two cages were the use of ANSYS
buckling option for the consideration of local and global buckling effecte.
Theee analyses were performed for the enveloping configurations, comprising
the highest slenderness ratic and t¢  srature for Groupe 1 and 2,
respectively. Using the ANSYS buck. .g option, buckling wae identified if
increments of applied load result in excessive or unbounded deflections. The
calculated displacement responses for the analyzed cases were small. This
indicated that, for the enveloping configurations, buckling does not occur.
These results are summarized in Reference 9.
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STEP € ~ SUMMARY OF LINEAR AND NON-LINEAR RESPONSES

The summary of the linesar and non-linear response for Group 1 structures, in
terme of both stresses and deflections, is provided in Tabie 2. The results
of the most critical Group 1 analyses, as shown in Table 2, indicated that the
nonlinear vertical deflection ie lees than the corresponding linear
deflection. Thie ie shown in Figure 3.

Figure 3 shows the linear and the nonlinear behavior of the Torus roof beams
under thermal loading. The dominant response characterization was the
«ongitudinal expansion of the beam with vertical deflections being of
secondary importance. Thie expansion caused a rotation of the rigid member
saccompanied by corresponding vertical beam deflections for the linear
sclutions. The linearly calculated deformed shape at 1.45 § (1.4% §, defines
& load which is 1.45 timee the load which causes first yield § ) corresponds
to the limiting caee for the Wé beams attached to the Torue roof steel (see
Table 2, Evaluation No., 7). It ie similar and linearly proportional to the
shape at 1.0 §,. In the nonlinear eclution, the behavior was the same as for
the linear solution up to first yield ng. After yielding occurs, by
initiation of a plastic hinge at joint B, the syetem acted as a propped
cantilever. Additional thermal lcad increments resulted in unrestrained
longitudinal thermal expansion of the member BC. The rigid link, AB, was
pinned at both ende and free to rotate under additional increments of thermal
load. Thus, the thermal load increment following hinge initiation did not
result in a4 vertical deflection increment. Thie explaine why under combined
thermal and mechanical loading, the vertical deflections for the linear
solution may exceed those for the nonlinear solution.

Table 3 summarizes the linear and nonlinear results for four Group 2 limiting
cases. For all Group 1 and 2 configiratione, the maximum etres ¢a based on
linear behavior were less than twice the yield etress. Twice the yleld strees
is the basis for the ASME strees intensity limit for primary plue secondary
strespes (Reference 10)., As diecuseed in Reference 10, twice the yield stress
limit ensures acceptable behavior during thermal loading.

Review of Tables 2 and 3} indicated that the elastically calculated stresses
due to non-thermal loading conditions proar-ad a typical ratio of non-thermal
load strese to combined load strese of about 1/5. This mean%t that the
non~thermal loads were eo small that the combined loading condition, for a
typical enveloping configuration, behaved ae a secondary load.
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SUMMARY AND CONCLUSIONS

Thie report givest (1) a detailed history of the evaluations of tharmal growth
at BFN; (2) a summary of limiting caea configurations (Table 1) for ecreening
purposes; (3) a summary of more rigorous linear and nonlinear calculational
results using the ANSYS ccomputer code with refined boundary conditions

(Tables 2 and 3); and (4) & summary of the evaluation rvesulte that demonstrate
the BFN steel structures are acceptable for thermal conditions (Reference 9).

It is noted that the two time yield strese limit concept ie used in the ASME
Code (Section 111) for normal operating and upeset conditione only. Thermal
evaluation ie exempted in the ASME code for emergency and faulted conditions
because of the ow number of stress cyclees., Since the analyzed lcoad is a
faulted conditica and has only one stress cycle, it i¢ conservative to use the
two times yield strees limit conceépt for structural thermal evaluat.on,

The talculated results presented in Tables 2 and 3 demonstrate that the
displacemente for enveloping configurst*ions under combined thermal, dead and
seismic loads are small. The compariscons of displacements in the linear and
nonlinear analyses demonstrates that the nonlinear results are reasonable.

The criteria and methods outlined in thie report represent a conservative
approach to determine and limit structural behavior of miecellaneous steel
structures under thermal loads in combination with dead, live, and seismic
loads. This has been confirmed by demonstrating that the acceptance criteria
of BFN-50-C~7100 and Deeign Guide DG-C1.6,12 result in acceptably small
deflections. Further validation of the criteria is provided by the linear
analysie resulte that show that the limiting case structural configuratione
have linea~ streesee lese than twice the yield etrees. The twice yield stress
ie the ba.e for the ASME stress intensity limit for primary plus secondary
gtresses. Standard Review Plan (SRP) 3.B.4 states "thermal locads can be
neglected when it can be shown that they are secondary and self-limiting in
rnature and where the material is ductile.” TVA'e thermal evaluation
demonstrates that implementation of BFN'e design criteria ir congistent with
SRF Section 1.8.4,
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SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. LOCATION |GROUP NO. CONF IGURATION
1 48W1002-2 ART PLAN 1 ¢ 3¢ CASTELLATER BEaAnS
JE2 S G *
4BW1002-3 PLAN ot
£33 L3, A
3 - &
485W1002-4 PADT PLAN E4 e
ASTA BOOD BEAR
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TRBLE 1

SUMMARY TABLE FOR CONFICURATIONS
DAAWING NO. LOCATION |[GRCUP NO. CONFIGURATION
2 48W1C02-4 rﬂ4—54 3 &4
¥ & x 15 5 POSTS~
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b4 TOREUS 200N
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TABLE 1
SUMMARY TABLE POR CONFIGURATIONS
CASE NO.| DRAWING NO.! LOCATION |CROUP NO. CONFIGURATION
48W1004-4 PLAN R4l 3 & & e
{parT o BEDDED T
& X 1
e ¥ 54
.
¥- ¥
LEVATION
48W1004~3 PLAN A3] 3 & 4 |SIMILAR TO CASE NO. 5
.E.PUMP
jasw1022-1 N STEAM 3s 4 IMILAR TO CASE NO. S
(48N1005) '
l48wi022-2 PLAN A3] 3 & 4 [SIMILAR TO CASE NO. 5
PLAN F6&
|48wi022-6
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TRSLE 1

SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.

DRAIING NO.

LOCRTION

GROUP NO.

CONFIGURAL ION

48NSST

EZ 3-!141;

=%
~. 620-3

‘a

t

184

i0

iR13-p14/
s-T
jFL. 620-3

I& 4

[SIMILAR TO CASE NO. 5
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TABLE 1

SUMMARY TABLE FOR CONFIGURATIONS

- CASE NO.| DRAWING NO. LOCATION |GROUP NO. CONFIGURATION
1
| 12 14BW1002-2 PCI ROOM U- i&s
13
, L. 548
I r
|
| K
!

- TSN ann I
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TABLE 1
SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.j DRAWINGC NO LOCATION GROU?P NO. CONFIGURATI AN
15 I§8N996 mf’ STEAM 2 & 4
|4BNS97 ;
'y X
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‘ TABLE 1
| SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. LOCATION |GROUy NO. CONF ICURATION
i6 48N435 INW CORKER 2 &4
|4 1N708 ROOM
EL. 541-6
[ :
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TABLE 1
SUMMARY TASLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. | LOCATION |GROUP NO. CONFIGURATION
17 |aenszs jcome sPRAY 2& 48 _—
VALVT ACCESS
PLATFORM

Lo L




ENCLOSURE
BROWNS FERRY NUCLEAR PLANT
RESO_UTION OF THE THERMAL GROWTH ISSUE
{CONTINUED)

TABLE ]
SUMMARY TABLE FOR CONFIGURATIONS

lcasa NO. | DRARING NO. LOCATION Icm NO. CONFIGURATION
18 48N944-3 lcro RELIEF 2&4
'VALVE - P 74 x5x]

PLATFORM S3- - -
S3 ¥ilx
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SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.

DRAWING NO.

LOCATION GROUP NO.

CONFIGURATION

19

4BN344-5

DET. Kb 2 & 4
P
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TABLE 1
SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. | LOCATION |[GROUP NO. CONFIGURATION
20 48N992 ICORNER ROOM 2 &4
AZ. 315 o >
EL. 557-2 i
e We
A )
l:“-t‘.
A \
f . ¥ 3 o
N -
T T T
23 14BN952Z bonm ROOM 2 &4 SIMILAR TO CASE NO. 20
. 45
v SS¥=3
22 481992 ROOM 2 & & SIMILAR TO CASE NO. 20

. 3135
BL . 557-2
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(CONTINUED)

TABLE 1
SUMMARY TEABLE FOR CONFIGURATIOCNS

CASE NO. | DRAWING NO. LOCARTION GROUP NO. CONFIGURATION
23 48BNG92 [CORNER ROOM 2 & 4 SIMILAR TO CASE NO. 20
JAZ. 225
EL. 557-2
24 48N1214-1 SEC. B1-Bl 2 & 4
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TABLE 1
SUMMARY TABLE FPOR CORFICURATIONS

CASE NO.| DRAWING NO. LOCATION GROUP NO. CONFIGURATION

25 48N1032 SEC. ¥-F 2 & 4
EL. 554-7




ENCLOSURE
BROWNS FERRY NUCLEAR PLANT
RESOLUTION OF THE THERMAL GROWTH ISSUE
(CONTINUED)

TABLE 1
SUMMARY TASLE FOR CONFIGURATIONS

CRSE NO.! DRAWING NO. LOCATION GROUP NO. CONFIGUPATION
26 48N1218-1 SEC. A-A 2 & &
4BN1218-2

48N1218-9
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SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. LOCATION GROUP NO. CONEFIGURATION
27 4BNS0OS8 SECTIONS C-C 2 & 4
s p-2
0- Bl
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SUMMARY TABLE FOR CONFIGURATIONS

[EL. 587

CASE NO.| DRAWING NO. LOCATION GROUP NO. CONFIGURATION
28 48N1021 |HEAT 2 & 4
48N926 EXCEANGER
PLATFORM
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TABLE 1
SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO.| LOCATION |GROUP WO. CONFIGURATION
30 leswioie SEC. A-A 2
MATN STEAM
AND

IFEEDWATER
PIPE SUPPORT

ELEVATION
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TASLE 1
SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. LOCATION |GROUP NO. CONFIGURATION

31 47R455-405 IR409~-A40SG
HPCI SUPT AT
TORUS ROOF

o

e
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SUMMARY TABLE FOR CONFIGURATIONS

CARSE NO.

DRAWING NO.

LOCATION

GROUP NO.

CONFIGURATION

34

478920~-64

AD4-AE4
[TORUS PURGE
PIPE SUPPORT

1
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TABLE 1
SUMMARY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING NO. LOCRTION GROUP NO. CONF IGURATION
3s 47B2349~-9 AS-AS 1 & 4
ICONTROL ROD
IDRIVE PIPE e 4 A\

SUPPORT L S W

PR W (1

BRI PRy T S
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TABLE 1
SUMMRRY TABLE FOR CONFIGURATIONS

CASE NO.| DRAWING RO. LOCATION GROUP NO. CONFIGURATION

36 4£7B2349-12 Al12-A12 3 & 4




iy ——

RESOLUTION OF THE THERMAL GROWTH ISSUE
(CONTINUED)

SUMMARY FOR TORUS

ENCLOSURE
BROWNS FERRY NUCLEAR PLANT

TABLE 2
ATTACHED STEEL

THERMAL EVALUATION BY ANSYS

Page ”.46

WEX1S S ).7239 - axial V3326 ARWID02- |
) 0999 - verticsl 793 863 S/W1002-3
2 WEX25 S8Rt 30 6 0.4 f, =664 SO.S73 0019 - axzal 13647 360 10.0256 - axial 2700 ARW 10621 oRis ART PLAN
13 0683 - vertical Vioe 0645 - verucal 111673 ARWI002-4
ASE 1
3 WEX15 .5 §-10° 38 1110 § 25.5 f, = 6.32 51.459 0215 - axial V3221 360 190.0277 - axwml 172528 ARWI002-1 Ges ART PLAN
CROR - vertical V67 0754 - vertical 929 A8W 10022
ASE |
4 W6X15.5 66" 43 W 255 =49 51521 (00239 - axial 3270 360 10.0306 - axial 172534 48WI002- 107 ART PLAN
10 0988 - vertical V789 00932 - vertical 837 ARW 10022 2
ASE |
5 WEX15 5 L 40 i1.10 1 255 f, = 905 52128 00216 - axial 13373 360 00291 - axial #2513 ARWION2 g 197 ART PLAN
0 0820 - vertical ise2 0 0744 - vertical o%] ARW 0023 3
ASE 1
& WeXiss §-0° 33 1110 | 255 =692 S1.58 00183 - wxial HE v 360 106232 - axial 12584 ARW 002 091 ART PLAN
10,0573 - vertical 1049 0 0549 . verncal viome ARW -3
ASE 1
? WoX 153 §-3" 35 11.10 § 255 £, = 11.8% 52.208 (HB6 - axsal 15347 360 100249 - wual V2534 4RW 10021 Loy PLAN
D601 - vemicsl 1o4ag 0552 - vertical V1141 AW 0023
ASE |

TR e S——
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TABLE 2
SUMMARY FOR TORUS ATTACHED STEEL
THERMAL EVALUATION BY ANSYS

|

‘ De Span
No o e
nation i

L TSHEX6XO S | S"-10%" | 2081

w2, | dn,

6.0 12

Non Thermal
Siress (ki)

§, = 9953

Lincer Non-linear
- Maximum Stress Maximum DAFS
e
s> Dhsplacement DAFS (k=) Dhsplacement
S
(Inches) (Inches)
44 764 1 13349 - axial V28 360 @35 - wos 2023
0 2172 - vertical 1326 224 - vertical Viie

Reference

4TBE20-64

DAFS - Displacement As a Fraction of Span

hl.r";"
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A2 7% -37-1/2 Az 2707
(Wi6 X 36) (W21 X 5%8)

CASTILATED BEAM
= {1yP)

e - —

ELEVATION REF WG,
mma “
48N 10023

Figure 1. Typical Torus Roof Beam Detail (Case 1)
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ol
s

L S |

CHROSS SECTIONAL PROFILE
OF NONLINEAR BEAM MODEL WITH

STIFF24 ELEMENTS
RIGID MEMBER

/
’

S s e S S S ne Sonn S e S S /
L/
/

" VARIES

: %

Figure 2. Torus Roof Beam Finite Element Model (Case 1)
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4
/
4
%

\\ s gy
~ 7
.

\M
NDEFLECTION CORRESPONDING TO 1.45 ¢

ELASTIC BEHAVIOR

, DEFLECTICN CORRESPONDING TO 1.45 Sy c
b

|
|

"~ DEFLECTION CORRESPONDING TO 1.0 Sy

INELASTIC BEHAVIOR

Figure 3. Torus Roof Beam Elastic and Inelastic Behavior
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