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3. PURPOSE:

The purpose of this calculation is to qualify five (5) worst
cases. of the thermally restrained structures of category I
-structural and miscellaneous steel population.

5. APPLICABLE CRITERIA (MARKED "X11)

x 1.
NR 2.
.NR 13.

NR 4.
NR 5.-
x 6.

x 7.

x 8.

NR 9.

NR 10.

DS-Cl.7.l R5 General Anchorage To Concrete
DS-Cl.7.3 RO .Application of Baseplate II
',DS-Cl. 8_1.lR3...-.Standard ......Calculation -for Evaluation
Type II Embedded Plates
.WB-DC-20-l R6 Concrete..Structures-General
WB-DC-20-2 R6 Reactor Building Concrete Structures
WB-DC-20-21 RE Miscellaneous Steel Component for
Category I Structures
(per DCN's S-14373-A and S-16078-A)
DG-C1.6.12 R1 Evaluation of Steel Structures with
Thermal Restraint.
WB-DC-20-24 R5 ,Dynamic Earthquake Analysis of
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NR 3. ACI 318-77 Building Code Requirements
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11.1 Scope

A total of fifteen (15) worst cases of the thermally restrained structures of Category I

structural and miscellaneous steel population were identified in Calculation WCG-1-790

(Reference 9.14: Worst Case Selection of the Thermally Restrained Structures). Five (5)

of the worst cases are evaluated in this package.

Four (4) ANSYS models, as summarized in Table 11. 1. 1, are constructed for detailed

evaluation. Geometric Configurations for these worst cases, as well as members included

in each model, ire presented in Figures 11. 1. 2 through 11. 1.5.

0
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Table 11. 1. 1 Summary of Models for Worst Cases in this Calculation

*Worst Case ID as defined in Calculation WCG-l1-790'(Worst Case Selection. of Thermally

Restrained Structures).

**See Figure 11. 1. 1 for Typical Thermal Restrint; For -more -detail, -see Calculation

WCG-1-686 and WCG-1-790.

Model Worst Restraint Location Drawing Elevation Accident

ID Case ID* Type **No. Temp. ('F)

PR9C 1-27 Axial Reactor 48N968 783'-8 1/2" 3270
2&3-9(C) Proximity Bldg.

AX11 1-11 Axial Aux. 48N1210- 713'-0" 2100

Bldg. 16

PR8G 2&3-8(G) Proximity Reactor 48N967-1 774'-O" 3270

Bldg.

HDO7 5-7 Header Aux. 48N1210- 713'-O" 2100

Bldg. 16
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Figure 11. .2 Worst Cases 1-27 and 2&3-9(C)
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Figure 11. 1.4 Worst Case 2&3-8(G)
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Figure 11. 1.5 Worst Case 5-7
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11.2 Methodology

Each worst case is evaluated and qualified per Design Criteria WB-DC-20-2 1, R6

(MIiscellaneous Steel component for Category I Structures) and Design Guide DG-

C1.6. 12 RI (Evaluation of Steel Structures with Thermal Restraint). The rigorous

nonlinear analysis method. using- the ANSYS computer program is adopted in this

evaluation.

Mathematical Model

A total of four (4) mathematical models (PR9C, AXi 1, PR8G and HDO7) are constructed

to represent five (5) worst, cases, (See Table 11. 1. 1). The models include worst case

members and their, adjacent. members..so that, the- combination of the- thermal load and

other. applicable loads can be properly addressed. Five types of ANSYS elements. are

used to generate the models wherever applicable:

(1) STIEF24 - Three dimensional thin-wall plastic beam element; This is a uniaxial
element of arbitrary cross-section (open or closed) with tension-

compression, bending and ST. Venant torsional capability. The element

has plastic capability in the axial direction as well as a user-defined cross-

section. -This element is -used -to simulate the members -which-are- loaded

beyond yield.

(2) STTF4 -. Three-dimensional beam element; This element is also a. uniaxial -element

with tension, compression, torsion, and bending capabilities. This element

is used to simulate members which are in the linear elastic range.

(3) STfiFl4 - Three dimensional spring-damper element; This element has longitudinal
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(3) STIIFi1

(4) STILF4'

(5) STIF2

4. -- Three dimensional spring-damper element; This element has longitudinal

or torsional capability in one, two or three dimensional applications. This

element is used to represent the shear stiffness of anchor bolts or

rotational stiffness of the baseplate.

0 - Combination element; This element is a combination of a spring-slider

and damper in parallel, coupled to a gap in series. Similar to the use of

STIF 14, this element-is to simulate the nonlinear shear stiffness of anchor

.bolts. and.gaps. -A bilinear: curve of the -stiffness can be used and the

(1/32") free travel (A8.7, WB-DC-20-21 R6 and C8.0 of DG-C1.6. 12 Ri)

can be modeled utilizing the Gap capacity of this element.

1 - Generalized mass element; This is a point element having up to six

degrees of freedom. This element is used to represent an attachment

weight on the member.

With the STIF24 element, the cross-section of members is represented by rectangular

-segments --defined, by -segment points. The cross-sections of W-shape, Channels,

Structural Tubing and Angles are presented in Figures 11.2.1 through 11.2.4,

respectively. The stresses and strains, including elastic and plastic strains, at each

segment points on the cross-section are calculated in the nonlinear analysis.

.-The ýtemperature-;dependent bilinear -stress-strain -property for the ýsteel- is used in. he

*nonlinear analysis, as shown in Figure 11.2.5. 'The Modulus of Elasticity (E) -decreases

as temperature increases. Figure 4 (Variation in Modulus of Elasticity) in DG-C 1. 6.12,

Section 4.2, is used to obtain -E70, E100, -E20, E30 and E4()0 (E at -70 0F, 100 0F, 200 0F,

300*F and 400'F respectively) as ANSYS input. .29,000 ksi is used for E70. 150 ksi is

used as the Tangent Modulus (Et), which is obtained from Figure 2. 1.1 of "Steel

Structures, Design and Behavior", Second Edition, by Salmon and Johnson.

Temperature-dependent Coefficients of Thermal Expansion are also considered in the

.- I
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Figure 11.2.3 Segment Point Definition for Cross-section of.Structural Tubing
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Figure 11.2.5 Temperature-Dependent Material Properties
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nonlinear analysis. The formula provided in Section 4.3 of the DG-Cl.6.12 is used to

calculate the Coefficients of Thermal Expansion~at 70 0F, 100 0F, 2000F, 300OF and

400OF respectively as ANSYS input. 6.5xlO1 inlin-0 F is used for 70'F. The minimum

yield strength, 36 ksi, for the ASTM A36 steel is considered in the analysis.

The ANSYS large-deflection solution method is used in the nonlinear analysis so that the

stiffness matrix characterizes the deformed structure in the iterative solution process.

Boundary Condition

ANSYS Spring Elements STIF14 or STI.F40 are used to model the shear stiffness of

*~i) . concrete anchors. The shear stiffness of~anchors are obtained from Calculation CSG-91-

003, which provides bilinear curves for various type and size of concrete anchors from

TVA, test data. Alternatively, 1000 kip/in per bolt is conservatively used as shear

stiffness per DS-C 1.7. 1. STIF14 and STJIF40 are also used as rotational spring to model

the stiffness of the baseplate. -The rotation stiffness of baseplate is obtained by making

-a. computer ýrun.using: BASEPLATE HI program. The, rotational stiffness is the moment

required to create a unit rotation of the baseplate. Wherever applicable, an one thirty-

second inch (1/32") is imposed at supports for the free travel per Section C8.0 of DG-

C 1.6.12.

Loading Condition

.The loading combinations for. misc. . steel components for.. Category. L structures, are

defined in Sections 3.2 and A4.3 of WB-DC-20721. For the Operating Temperature

conditions, To can be assumed-to zero in the loading combinations (la) -through (5a).if

To is less than 120TF per A8. 1.2 of WB-DC-20-21. No evaluations are required for the

worst cases in this package since the To's are less than 120'F for all five cases.
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For Accident Temperature conditions, the most critical loading combination (8) is

considered in the evaluation of the worst cases of thermally restrained structures. Dead

Loads. (D) and Live Loads (L) are considered. per .Sections .3. 1.1 and 3.1.2 of WB-DC-

20-21. Equivalent densities for all members are calculated to include effects of the, dead

load and live loads. The Equivalent Static approach is used to address the SSE loads (E')

by applying Accelerations (G loads) to the structures (using the ANSYS ACEL
command). In general, the peak G of the Acceleration Response Spectrum with the

MMF (Multi-Mode Magnification Factor) equals to 1.5 are used unless lower G's can

. .be justified..by..appropriate. references. -.1.2. is. used for the MMF for Conduit SSE loads
(per WCG-1-684). The G-loads can be obtained from QIR-CEB-WBN-89-361

(Reference 9.'7) and theappropriate damping values to use are contained in WB-DC-20-
24 (Dynamic. Earthquake Analysis of Category I Structures and Earth Embankments).
Pipe Reactions: (Ra). are obtained. from applicable QIR's. ,Thermal Loads -(Ta) are

obtained ,from environmental drawings as documented in Calculation WCG- 1-686
(Reference 9.13) and WCG-1-790 (Reference 9.14). The ambient temperature is taken

as 70'F. The differential between -ambient and accident. temperature are -used for

evaluation. The Pressure Equivalent. S tatic Loads (Pa) is not considered .because it -is

insignificant compared with Thermal Load. Pipe Rupture Loads (Yr, Yj and Yin) are
.,not included per. QIRh EBA-WBMN-9 1-435 RO (Pipe-Rupture evaluations do not consider
platform and miscellaneous steel structures as essential (primary) safety targets).

An conservative loading sequence is used in the nonlinear analysis: All loads, except

*thermal load (Ta),.are first applied on the computer. model. Incremental. temperature
steps. are then -applied starting at 70 *F (Ambient) .up. to Ta. - This.. is- the- most critical
'loading -sequence in terms of the- Ductility Ratio results -used for -member qualification.

The Ductility Ratio will be smaller if the SSE loads are applied. AFTER the. thermal
loads. -However,, the. 'final -ipaentresults for. both -loading -sequences..are -nearly
*identical. ' Parametric studies were performed (documented in Calc. WCG- 1- 1047) on

two' worst case -structures (Worst Case 1-27 and 1-28)"- and the results indicated' the
'differences 'are 'less than 1 % comparing the maximum displacements on members with
thermal restraint).
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Member Oual ification

The- Non-linear Acceptance Criteria applicable to the non-linear anslysis, specified in

Appendix D'of DG-C1.6.12 Ri, is used for the qualification of -members. Primary

members are evaluated in accordance with the displacement based Ductility Ratios.

Connection and Anchorage Oualification

Connections and. Concrete anchorage are evaluated using the Acceptance Criteria in

Appendix C of DG-C 1.6.12 Ri. BASEPLATE II and CONAN computer programs are

used to for-the evaluations of concrete anchors as well as concrete pullout capacity.

Modification

DCN's will be issued. for modifications -if member, connection or anchorage is not

accepted per WB-DC-20-2 1. ,The modified -structure will be re-analyzed using

ý.Acceleration.:Response -Spectrum B +C. per WVB-rDC-20-24 R5. The overall behavior of

the structure will be examined and the modified components will be re-evaluated.

O I
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11.3 Qualification of Worst Cases 1-27 and 2&3-9(C)

11.3.1 Mathematical Model (PR9C)

The ANSYS model PR9C is shown in Figures 11.3.1.1 and 11.3.1.1IA. This model

contains two worst cases: one with axial restraint (1-27) and the second with proximity

restraint (2&3-9(C)). The mo~del includes the worst case members and their adjacent

members so that the combination of the thermal load and non-thermal loads can be

properly..addressed. .. ANSYS STIF24 .(3-D.. thin-.wall. plastic, beam element) elements are

.used to simulate the- worst case members, e.g. elements between node 8 and 10 for the

axially -restrained member, elements between 2 -and 5 for the proximity, member,

elements between nodes 1 and 9, nodes 4 and 6 for the supporting members of the

proximity member. -ANSYS STJF4 (beam element) elements are used to model the

.members adjacent to the worst .case members. -A column at node 32 along global Z

direction is modeled with a STIF14 spring element (element 163). A beam element

(element 161) is also attached at node 32 to represent the axial restraint along the line

ofnodes 33.and 32. Two..members..near nodes,25 and 26 are not included in the-model

because they have negligible effect on the worst case member (1-27) since the most

* .. criticaL.part ýof 7the.,axially restrained,. member is.-the-unbraced segment between nodes 8

and 9. ANSYS STJF21 mass elements are used to simulate hand rails at nodes 95 and

96, which are located above nodes 28 and 29 respectively. These two mass elements are

connected to nodes 28 and 29 with rigid links. A small bore pipe located below node

.30 Js also modeled with a STIF21 mass element and connected with a rigid link to node
* .. 30. Pinned connections at nodes -2,-.5.and 9 are. modelled by the. ANSYS CP:.commands

to de-couple the moments between nodes 2 and 102, between nodes 5 and 105, and

between nodes 9 and 109. -Temperature dependent, material properties, as -described in

Section 11.2, are used.
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11.3.1 Mathematical Model (Cont'd)

Boundgay Condition

ANSYS STIF14 spring elements are used to simulate the shear stiffness of concrete

anchors and the rotational. stiffness of the baseplate and concrete anchorage. Shear
springs are specified at all support nodes except nodes 1 and 4. Rotational springs are

-,used, at all support nodes..- Nodes 101., 104, 107, 108,110, 111 and 112, defined at the
same locations of nodes 1, 4, 7, 8, 10, 11 and 12 respectively, are the support nodes for
the spring elements. -4000 kip/in (1000*4) obtained from DS-C 1.7.1 is used as the shear
stiffness for each spring. The rotational stiffness is calculated from the output of
BASEPLATE 11 runs. A total of five (5). baseplate models were generated as shown in

- Figures 11.3.1.2 through 11.3.1.6. The input files for the baseplate. runs to calculate

rotational stiffness are provided in Tables 11. 3. 1.1 through 11. 3. 1.5.

.....,To. represent the. actual orientation of the-baseplate and concrete anchorage, Nodes. 8.and
108 in the ANSYS model are rotated 33 *. Similarly, Nodes 10 and 110 are rotated 20'.

* A~dislaceentof' 1/32" is specified- at. nodes.12, 7, '10 in +X direction in nodal
coordinate system. A displacement of 1/32" is specified at node 8 in -X direction in
nodal coordinate system. A displacement of 1/32" is specified at node 11 in -Y
direction. A displacement of 0.03" is specified at nodes 1 and 4 in AX and +X

....directions respectively. This approach has the same effect of using a Gap Element. at
support- to allow-free- movement before load starts to, transfer.- -Studies are. performed..in

..ýthe -evaluations -of.Worst Case 1-11 (Section 11.4) and Worst-Case 2&3-8(G),:(Section
11.5) to -demonstrate that the analysis results are identical whether the (1/32 ") free. travel
-is simulated by- imposed displacement or by gap -element. For details, see- Sections 11.-4
and 11.5.
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Table 11.3. 1.1 BASEPLATE 11 Iniput for Rot. Stiff, for Node 1, 4 & 11I of ANSYS Model

cLtq4'rL. 64 F4C(- W )

3 BS4PR9C- NODE 4; SURF MOUNT PLATE; 4BN968

OUT ,,,-1,100/
CON ,....3000,1.7,1.7/
PLA 11,12,,11,11,1.0,29/
APR 7,2,1,7.0,2.09,.366,.21/
BPR ,,1,.4E6,1.0E6,3OOO,33O0/

BOL 30,3,1,2,2/
BOL 310,,1,929/

BOL 30,10,1,2,9/

END /
ATT 5,3,,3.41,2.00/
JST 5,3,7,2.09,0/

IST 7,3,10,7.0,90/

JST 7,10,5,2.09,180/

END/

END/

P01 5,3,,1.55,3.5/

LOA ,,1,0.0,0.0,0.0,100000.0,100000.0,01

END /

'END OF JOBi

..... .....
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Table 11.3.1.2 BASEPLATE 11 Input for Rot. Stiff. for Node 8 of ANSYS Model

3 USBPR9C-NODE-8; EMB PLATE; 48N968.

OUT ,,110

CON .... 3000,1.7,1.7/
PLA 10,10 ,,8,8,.5,29
APR 6,2,1,5.7'5,2.09,.366,.21/
SPR , 1.2.46E5,1.OE6,4750,43le/
ROL 3,3,1,1.5,1.5/
801 8,3,1,6.5,1.5/
BOL 3,8,1,1.5,6.5/
301 8,8,1,6.5,6.5/
END /

ATT 5,4,,3.75,2.25/

JST 5,4,7,2.09,0/
IST 5,4,10,5.75,90/

END/

END/

POI 5,4,,.5,3.5/
LOA ,.1,0.0,0.0,0.0,100000.O,100000.0,0/

END /

END OF JOB
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Table 11.3.1.3 BASEPLATE 11 Input for Rot. Stiff. for Node 10 of ANSYS Model

Kai L9

3 9S1OPR9-NODE 10; SURF MOUNT PLATE; 48N968.

OUT _,-1,100/

CON ,....3000, 1.7,.1. 77

PLA 11,11,,9,10,.7-5,29/
APR 7,2,1,6.63,2.09,.366,.21/

BPR _ 1,.4E6, 1.0E6,1550,1400/

SOL 3,9,1,1.5,8.5/
901 9,9,1,7.5,8.5/
IWE 1,1,4/
JWE 1,1,11/
IWE 11,1,4/
END /

ATT 4,4_,2.29,3.37/

JST 4,4,6,2.09,0/

IST 6,4,11,6.63,90/
END/

END/
P0I 4,4,,1.58,3.5/
LOA *,1,0.0,0.0,0.0,100000.O,100000.O,O/

END /

END OF JOB



EBASCO SERVICES INCORPORATED

.BRANCH/PROJECT ID: WCG-1-969

By. 1 . bate . oil/4aZ Sheet .A.Of Z

Chkd. by D4.... ate qh8 q OFS No. NR Dept. No. NR

W ) Client TVA

-Project WBNP Unit 1

Subject Qualif.' of Worst Cases of Thermally Restrained Structures - Package I

Table 11.3.1.4 BASEPLATE 11 Input for Rot. Stiff. for Node 7 of ANSYS Model

3 Bs7PR9c-.NCDE 7; SURF MOUNT PLATE; 48N968.

OUT ,,1,-l100/
CON .... 3000,117,t. 7/
PLA 14,18,,.12,1 7,1.0,29/

APR 7,2,1,7.G,2.09,.366,.21/
BPR ,,1,.4E6, 1.0E6 ,3OOO,33O0/

BOL 3,16,1,1.5,15.5/
BOL 12,16,1,10.5,15.5/

IWE 1,1,3/
JWE 1,1,14/
IWE 14,1,3/
END/

ATT 7.6,,5.41,5.0/
JST 7,6,9,2.09,0/

IST 9,6t,13,7.0,90/
.1ST 9, 13,7,2.09, 180/
END/

END/

POI 7,6,,1.58,3.5/
LOA *l,0,.0,0.0,0.0,100000.O,100000.O,O1

END /

END OF .101
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Table 11.3.1.5 BASEPLATE 11 input for Rot. Stiff. for Node 12 of ANSYS Model

3 BS12PR9C-NODE 12; SURF MOUNT PLATE; 48N968.

OUT ,,,-1,100/
CON ....,3000 1.7;1. 7/
PLA 13,13,e12,12e0.5,29/
APR 5,1,1,7.0,2.09,.366,.21/
BPR ,,.1,.4E6, 1.0OE6,1550,1400/
901 3,11,1,2.0,10.0/
S01 11,11,1,10.0,10.0/
IWE 1,1,2/
JWE 1,1,13/
IWE 13,1,2/
END /
ATT 5, 2,, 3.9 1, 1.0/
JST 5,2,7,2.09,0/
1ST 7,2,9,7.0,90/
JST 7,9,5,2.09,180/
END/
END/
Pol 5,2,,1.58,3.5/
LOA ,,1,0.0,0.0,0.0,100000.0,100000.0,0/
END /
END OF JOB
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11.3.1 Mathematical Model (Cont'd)

Loading, Condition

Since these two worst case members (1-27 and 2&3-9C) are part of the worst case

platform, 48N968-OOPFO1U1, all 4oading data are obtained from the platform evaluation

calculation, WCG-2-50 Vol. 6, Ri (Reference 9.15). As shown in Table 11.3.1.6,
'.equivalent densities. are calculated for each member. to-consider the dead loads (including

self-weight and grating) and the sustained live loads (10 psf per WB-DC-20-21). .SSE

loads are applied using the equivalent static approach. ANSYS ACEL command is used

to apply the G-loads. In accordance with Calculation WCG-2-50 Ri, Vol. 6, ZPA (4 %

damping) are used for members: 0.9G is considered for the Horizontal (N-S and E-W)

directions and 0.33G is used for the Vertical direction. Small bore pipes and hand rails

are modeled using ANSYS STIF21 Mass elements connected to members with rigid

links. The location and the weight of the pipe and hand rails are obtained from the

GTSTRUDL-input. file in WCG-2-50 Ri, Vol. -6.- 9.38G and 3.38G are, applied in the

Horizontal and Vertical directions for small bore pipes.

The YZ-SSE load (combination of SSE in Y and Z directions) is more critical than the

XZ-SSE load (combination of SSE in X and Z directions). Therefore, YZ-SSE load is

specified with DL and SLL followed by incremental temperature -steps from 70'F

(Ambient temperature) up to 327'F (Accident temperature). However, the XZ-SSE load

is. still.applied in Load Step .1 in the ANSYS analysis -and is for reference only. The, YZ-

SSE load, which supersedes the.-XZ-SSE load in Load Step 1, is applied in. Load -Step. 2.

The temperature loads are then, specified in.the, following load steps. from, Load Step, 3

up to Load Step 16 (final load step).

The ANSYS input files are presented in Section 11.3.2.
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Table 11.3.1.6 Equivalent Densities for Members of ANSYS Model "PR9C"

BEAM . GRATING SLL 1OPSF TOTAL

ANSYS STRUDL DENS WA WB

MEMBER MEMBER" LB/IN^3 LB/FT .LB/FT

1,28 - B6-1'

2 'B6-2'

3 'B6-3'

4 'B2-1'

S 'B2-2'

6 'B2-3'

7 'B3-1'

8 'B3-2

9 'B4-1'

10 'B4-2'

11,29 'B6-4'
12 ~'B7-51
13 'B7-4'
14 'B7-3'
15 'B7-2'
16 'B7-1'
21 'B9-5'
22 'B9-4'

23 'B9-3'

24. .'B9-2'

25 'B9-1A'

26 'B9-11

32 'B11-2'

33 'B11-1'

37 'B1-1'

37 1B1-2,

38 'B1-3'

40 'BS-1'

40 'B5-2'

0.283
0.283

0.283

0.283

0.283

'0.283

0.283

0.283

0.283
0.283

0.283
0.283
0.283

0.283
0.283
0.283
0.283
0.283
0.283
0.283

0.283

0.283

0.283

0.283

0.283

0.283

0.'283

0.283

0.283

11.5

11.5

11.5
.6

6

6

15

22.5
22. 5
11.5

17.325
19.65

14

25
28

8.8
10.7

11.4

23.7

23.7

17.5

17.5

6

-19

19

11.5

11.5

11.5

6

6

6

15

15

22.5
22.5
11.5

15

17.325

12.22
22
25

7.5

8.8

10.7

11.4

13.44

13.44

23.7
23.7

17.5

17.5

6

19

19

WG WA

LB/IN LB/FT

0.958

0.958

0.958

0.500

0.500

0.500

1.250

1.250

1.875

1.875

0.958

1.347

1.541

1.093

1.958

2.208

0.679

0.813

0.921

1.035

1.185

1.185

1.975
1.975

1.458

1.458

0.500

1. 583

1.583

0

0

0

5

S

5

12. 5

12. 5

18.75

18.75

0

15

16

12
20
23

7.3
8.9

9.5

11.2

12 .5

12. 5

13.3
13. 3

5

5

5

6.25
6.25

DISTRIBUTED-LOADS'*AT MEMBER*ENDS FROM-

(WA+WB) /24
DS + (WG+WL)/A

STRUDL'INPUT*

DS =.STEEL DENSITYO0.283; A=AREA=2.87

*See WCG-2-50, Vol.6, Ri, Sht. 35 for STRUDL member plot; Sht. 125-

136 for Loading Data.

Chkd. b

WB

LB/FT

0

0

0

5

5

5

12 .5

12.5

18.75

18.75

0

12. 5

15

10

18

20
6.25

7.3

8.9

9.5

11.2

11.2
13.3

13.3

5

5

5

6.25

6.25.

WL

-LB/I N

0

0

0

0.417

0.417

0.417

1.042

1.042

1.563

1.563

0

1.146

1.292

0.917

1.583

1.792

0.565

0.675

0.767

0.863

0.988

0.988

1.108

1.108

0.417

0.417

0.'417

0.521

0.521

DENS

.LB/IN-3

0.617

0.617

0.617

0.602

0.602

0. 602

1.081

1.081

1.481

1.481

0.617

1.152

1.270

0.983

1.517

1.677

0.716

0.801

0.871

0.944

1.040

1.040

1.357

1.357

0.936

0.936

-0. 602

1.016

1-016

.NOTES: WA, WB =

WG, WL =

DENS=
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11.3.2 ANSYS Inpuit

Two ANS YS input files -are presented. in this section:

11.3.2. 1

11.3.2.2

"PR9C" - Analysis for the Original structure

"PR,9CM' - Analysis for the modified structure

Note: The member of the Worst case 1-27 is not accepted per DG-C1.6.12 R1 (For

details, see Section 11.3.4.1, Member Qualification for worst case 1-27). A
slotted hole is installed to release the thermal-induced axial force. The modified

structure is re-evaluated with the analysis "PR9CM" and the member is qualified

using the results from the new analysis.
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11.3.2.1 ANSYS Input File "PR9C' (Analysis for the Original Structure)

/PREP7

/TITLE,PR9C - EVAL. FOR WORST-!CASES 1.-27 &

/COM

/COM BRANCH/PROJECT ID = WCG-1-969

/CON

ICOM PREPARED BY: SAL 8/19/91

/COM CHECKED BY: C. Y. OU 8/19/91

/CON

ICON INPUT: PR9C

/COM OUTPUT: PR9CR

/CON FILE12: PR9CF

/COM PLOT: PR9CP

/COM

C*** ANSYS ANALSIS OPTIONS AND REfERENCES

KAN,*

KAY, 6, 1

17 KNL, 1

18 C*** ELEMENT TYPE

19 ET ,1,24 ...... 1

20 ET,2,4 ......,

21 ET,3,14,,1

22 ET,4,14,,2

23 ET,5,14,,3

24 ET,6,14,,4

25 ET,7,14,,5

26 ET,8,14,,6

27 ET,9,21...

28 ET,1O,14,,0

29 C*** MATERIAL PROPERI

30 EX,1,29000

31 RP2I,1

32 ALPX,1,6.5E-6

33 RP21,1

34 DENS,1,0.283E-3

35 DENS,2,0.283E-3

36 DENS,3,O.602E-3

37 DENS,4,1.081E-3

38 DENS,5,1.481E-3

39 DENS,6,0.617E-3

40 DENS,7,1.152E-3

41 DENS,8,1.270E-3

42 DENS,9,O.983E-3

43 DENS,1O,1.517E-3

44 DENS,11,1.677E-3

45 DENS,12,O.716E-3

46 DENS,13,O.801E-3

47 DENS,14,O.871E-3

48 DENS,15,O.944E-3

49 DENS,16,1.040E-3

50 DENS,17,0.0

293-9(C), DWG 48N968,.EL. 783'-8 1/2"-

" ST1IF24

" ST1r F4
*SPRING KX

*SPRING KY

*SPRING KZ

*SPRING ROTX

*SPRING ROTY

*SPRING ROTZ

*3D MASS ELE.

*SPRING ALONG TWO POINTS

STEEL DENSITY -NON-LINEAR

STEEL DENSITY -LINEAR

ELE. 4-6

ELE. 7-8

ELE. 9-10

ELE. 1-3, 28, 11,29

ELE. 12

ELE. 13

ELE. 14

ELE. 15

ELE. 16

ELE. 21

ELE. 22

ELE. 23

ELE. 24

ELE. 25-26

ZERO DENSITY - RIGID LINK

wQmv Unit 1
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11.3.2.1 ANSYS Input File "PR9C" (Continued)

DENS, 18,1 .357E-3

DENS, 19,O.936E-3

DENS,20,O.602E-3

DENS, 21 ,1 .016E-3

" ELE. 32-33
" ELE. 37

"ELE. 38
" ELE. 40

MPTEMP, 1,70,100,200,300,400

RP21 ,1

MPDATA,EX, 1,1 ,29.0E3,28.9E3,28.3E3,27.9E3,27.4E3

RP21_,,1

MPOATA,ALPX, 1,1 ,6.50E-6,6.50E-6,6.50E-6,6.67E-6,6.86E-6

RP21, ,1

C** NONLINEAR MATERIAL CONSTANT
-CREAT,MNL

NI, ARGI, 13, 10

ML,ARG1 ,19,70,100,200,300,400

HL,ARG1,25,36,36.0,36.0,36.0,36.0

NL,ARG1,3 1,150,150,150,150,150

*END

*USE,MNL, 1

*USE,MNL,3

*USE,MNL,4
*USE,MNL,6

*USE,MNL,12

-USE,MNL, 13

*USE,MNL, 14

*USE,MNL, 15

*USE,MUL, 16

C** CROSS SECTIONAL PROPERTIES

C*** CHANNEL C7Y9.8

CF =2 .090

SCF =0 .366

CD7. 00

TCW=0.210

XBR=(0.541)+0.07069 *SAL 7/10/91
C**

-XO=(TCWI2)- (XBR)

CC=CF- (TCIJ/2)

D0=(CD-TCF)/2.

QC=CC/2

OD=D0/2

CC=CC+X0

QC=OC+XO
* STAT

R, 1,CC,DD,O,QC,DD,TCF

RMORE,X0,DD,TCF,XO,00,TCW

RMORE,XO,O,TCW,XO,-0O,TCU

RMORE,XO,-0D,TCI4,OC,-DD,TCF

* STIF24 REAL PROP. - C7X9.8

-,Pro jec

Subj ec t
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11.3.2.1 ANSYS Input File "PR9" (Continued)

RMORE,CC,-DD,TCF

R,2,2.87,0.968,21.
3 .7 .0,

2 .09  * CT19.8

RMORE, ,0.1

R,3,2.64,0.632,8.90.5.0,1.
885  * C5X9 -ADDED MEMBERS

RMORE, ,O.109

R,4,4000,5000,5000,
2 0,20  *ANCHOR SHEAR SPRINGS & RIGID BEAM

R,5,8147 *SPRING ROTI' @NODE 8

R,6,17315 *SPRING ROTY @INODE 10

R,7,27600 * SPRING RDTX @NODES 1,4,11

R,8,56498 *SPRING ROTY @NODE 7

R,9,7'920 *SPRING ROTZ @NODE 8

R,10,21249 * SPRING ROTZ @NODE 10

R,11,25989 *SPRING ROTZ @NODES 1,4

R,12,33132 *SPRING ROTZ @NODE 7

R,13,1590 * VERT. SPR. .'C24' - NODE 32

C** GENERALIZED MASS

R,14.,0O20,020,0
2 0O NODE 95 (28)

R,15,.031,.031,0O
3 1 NODE 96 (29)

MASX=( .O35)*9.38

MASX=MASX/0 .9

MASY=MASX

MASZC .035)*4.38

MASZ=MASZ/1 .33

R,16,MASX,MASY,MASZ

R, 17, 100,5000,5000

R, 18,19791

R1 19,12960

R,20,2885

R,21 ,(300*4)

C*** NODAL COORDINATES

csYs,O

N, 1,67.68

N, 101,67.68

N, 2, 67. 68,5

N, 102 ,67. 68,5

N,3 ,67 .68 ,44 .96

N,4, 103 .68

N, 104,103.68

N,5,103.68,5.

N, 105 ,103 .68,5.

N, 6, 103 .68, 44. 96

R,7, 145.68,44.96

N, 107, 145 .68 ,44 .96

N, 8, 0,29 .36

N, 108 ,0,29 .36

N ,9,67.68,5 3.96

N, 109 ,67 .68, 53 .96

M,10, 135.36,78.76

" NODE 97 (30)
" ANCHOR SHEAR SPRINGS & RIGID BEAM

" SPRING ROTY ODE 12

" SPRING ROTZ ODE 12
* SPRING AXIAL ODE 32

" SHEAR SPRING ODES 1 & 4

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
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11.3.2.1 ANSYS Input File 1 'PR9C" (Continued)

151 N,110,135.36,78.76

152 N, 11, 115.68
153 N, 111, 115.68
154 N, 12,145.68,27.96
155 N,112,145.68,27.96

156 N, 13,67.68,30.
157 N, 14,103.68,30.
158 N, 15,85.63,5.
159 N,16,85.63,30.0

160 N, 17,85.63,44.96

161 N, 18, 115.68,44.96
162 N, 19,129.18,44.96

163 N,20,5.69,31.2
164 N,21,24.48,38.24
165 N,22,48.92,47.15

166 N,23,74.31,56.03

167 N,24,B6.51,60.61

168 N,25,95.4'4,63.86

169 N,26,117.52,71.9

170 N,27,129.03,76 -09

171 N,28,67.68,2.5

172 RP2,67,-3.75,O,29.5

173 N,29,67.68,46.44

174 RP2,67,-3.742,O,32.516

175 N,30,50.986,47.884

176 RP2,67,0.61563,-1.6914,-13.5

177 11,31,115.68,27.96

178 FILL,8,20,1,4i11

179 FILL,20,21,2,45,1

180 FILL,21,22,2,51,1

FILL,22,30,1,55, 1

FTL L ,30, 9,3 ,61, 1
FIL1,9,23,2,65, 1

FILL,23,24,2,71, I

FILL,24,25,2,75, I

FILL,25,26,3,81, 1

FI11,26,27,3,85,1

FILL,13,3,3,91,1

M,32,56. 11,68.79,5.69.

DX=(56.11)-67.68

DY:(68.79)-61 .78

N,132,DX+56.11 ,DY+68.79,5.69

N,33,67.68,61 .78,5.69

N,34,74.31 ,56.03,5.69

N,35,67.68,53.96,5.69

N, 99, 103.68,5.,*100

N, 100,67.68,53.96,100

C*** ELEMENT CWNRECTIVITIES

MAT,6 STYPE,1 SREAL,1

EN, 1,1,28, 100

*JOINT 'l4A' - REF. STRIJOL MODEL

" JOINT 138A,

" JOINT '388'

* JOINT '39A'

*STIF24

ABOVE NODE23

ABOVE NOOE9

of Thermallv Restrained Structures - Package I



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

By-- ;•.... .M..ate 1
Chkd. by J 0L Date /O//

Client- TVA

OFS No. NR

Sheet §-3off2:

-Dept. No.. NR

Proj

Subj

ect. Wma-uni UL.1.

Dualif. of Worst Cases of Thermall Restrained Structures - Packa e I

11.3.2.1 ANSYS Input File "PR9C" (Continued)

201
202
203
204
205
206
207
208

*209
210
211
212
213

*214
215

*216
*217

218
219
220

*221
222
223
224

*225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
24.0

241
242
243
244
245
246

247
248
249
250

EN, 2,2,13, 100
EN,3,13,91, 100
EN,28,28,2, 100
EN, 11,3, 29 ,100

EN,29,29, 109,100
MAT,3 STYPE,1
EN,4,4,5,99
EN ,S ,514, 99
EN ,6, 14, 6,99
I4AT,4 ITYPE,1
EN,7, 102,15,99
EN ,8, 15, 105 ,99
MAT,1 ITYPE,1
EN, 17,8, 41, 100
EN, 18, 20 ,45 ,100
EN, 19,21,51,100
EN, 20 ,22, 55 ,100
EN,27,30,61 .100
MAT,12 STYPE,1
EN,21 ,9,65,100
KAT,13 STYPE,1

EN,22,23,71 ,100
14AT,14 STYPE,1

EN, 23 ,24 ,75 ,100
KAT,15 ITYPE,1
EN,24,25,81, 100
MAT,16 STYPE,1
EN,25,26,85, 100
.EN, 26 ,27, 10, 100
MAT,5 'STYPE,2
EN ,9, 13, 16
EN, 10,16,14
MAT,7 ITYPE,2
EN, 12 ,3, 17
KAT,8 STYPE,2
EN ,13.17,6
MAT,9 STYPE,2
EN, 14,6,18
MAT,10 STTPE,2

EN15, 18, 19

XAT,11 STYPE,2
EN, 16, 19,7
MAT,18 STYPE,2
EN,32,32,33
EN,33,33,34
MAT,2 STYPE,2

EN,31.,33,35
MAT,19 STYPE,2
EN,37,11 ,31
KAT,20 ITYPE,2

SREAL,1

3,92,92,93,100 S,93,93,3,100

ST IF24

SREAL,1 - *STIF24

SREAL, 1
S,41,41,20,100
S,45,45,46,100
3,51,51,.52,*100
S,55,55,30,100
S,61,61,62,100
SREAL,1I
S,65,65,66,100
SREAL,1 I
S,71,71,72,100
SREAL,1 I

S,75,75,76,100
SREAL,1
S,81,81,82,100
IREAL,1
S,85,85,86,100

SREAL,2

IREAL,2

SREAL,2 0

SREAL,2 0

1aEAL,2 0

1REAL,2 *

SREAL,3

IREAL,3 0

SREAL,2 0

SREAL,2 0

STIF24

S,46,46,21,100
1,52,52,22,100

$,62,62,63,100
ST IF24

t,66,66,23,100
ST IF24

S,72,72,24, 100
STIF24

S,76,76,25,100
STI F24

S,82,82,83,100
STIF24

t,86,86,87,100

S,63,63,9,100

S,83,83,26,100

1, 87,87,27, 100

STIF4

ST I F4

ST IF4

STIF4

STIF4

STIF4

ST!F4

STIF4

STIF4

ST IF4

ect oualif-of Worst Cases of Thermally Restrained Structures - Package I
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11.3.2.1 ANSYS Input File "PR9C" (Con tinued)

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
253
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

SREAL ,2

$REAL, 2

WRAL, 4

0 STIF4

" STIF4

" RIGID LINK

EN,38,31 ,18
MAT,2 STYPE,2

EN ,39 ,18, 25
MAT,21 STYPE,2
EN ,40 ,31, 12
MAT,17 STYPE,2
EW,35,35,9
EN,36,34,23
EN ,95 ,28 ,95
EN,96,29,96
EN,97,30,97
TYPE,3 SREAL,4

EN, 171, 111, 11
TYPE,4 SREAL,4

EN, 142, 108 ,8
iYPE,4 SREAL,4
EN,132, 107,7
EN, 152, 110, 10
EN, 182,112,12
TYPE,3 SREAL,21
C`0 EN,101,101,1
C*** EN,104,4,104

TYPE,5 SREAL,13
EN, 163,132,32
TYPE,10 SREAL,20

EN, 161,132,32
TYPE,6 SREAL,7

TYPE,7 SREAL,8
EN, 135, 107,7
TYPE,7 SREAL,18

EN, 175 ,112, 12

TYPE,7 SREAL,5
EN,145,108,8
TYPE,7 SREAL,6
EN ,155, 110, 10

TYPE,8 IREAL,11
EN,116,101,1
EN, 126,104,4
EN, 176 ,111, 11
TYPE,8 SREAL,12

EN, 136,107,7
TYPE,8 SREAL,19
EN, 186, 112, 12

TYPE,8 SREAL,9
EN ,146, 108,
TYPE,8 SREAL,10
EN ,156, 110, 10

" SPRING X

" SPRING KY

" SPRING KY

0SPRING KX

" SPRING KZ NODE 32

" SPRING AXIAL NODE 32

" SPRING NODES 1,4. RX

" SPRING NODE 7 RY

" SPRING NODE 12 RY

* SPRING NODE 8 RY

" SPRING NODE 10 RY-

" SPRING NODES 1,4 RZ

" SPRING NODE 7 RZ

" SPRING NODE 12 RZ

" SPRING NODE 8 RZ

" SPRING NODE 10 RZ

wamp "" 4 * l

oualif.-,of Worst-Cases of Thermally Restrained-Structures - Package I
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11.3.2.1 ANSYS Input File "PR9C" (Continued)

301 TYPE, 9 %REAL, 14 * MASS NODE 95 (28)
302 EN,2O1,95
303 TYPE,9 SREAI,15 *MASS NODE 96 (29)

304 EN,202,96
305 TYPE,9 SREAL,16 * MASS NODE 97 (30)

306 EN,203,97
307 C"'*
308 /COM
309 /COM MACRO TO SPECIFY ONE SPRING IN T DIRECTION

/CON
'CREAT,SPR2
-PSPRING,ARGI,TRAN,ARG2,ARG3

*END
C"*- 'USE,SPR2,1,(200*4),l
C"'* 'USE,SPR2,4,(200*4),1
C"'*

'SPRING IN X DIR.
'SPRING IN X DIR.

C"'* COUPLED DOTS FOR MEMBER END RELEASES
CP ,1,UX, 102,2
CPLGEN,1,UY,UZ,OOTX,ROTY * NODE2
CPSGEN,2,3,1,5 * MODES
COSGEN,2,7,1,5 * NcCE9
CPLIST,ALL
C"'* LOCAL COORDINATES SYSTEMS
LOCAL,12,0,O,29.36,0,20 SNROT,10,110,100
LOCAL,13,O,O,29.36,0,33 SNROT,8,108,100

csYS ,0
C"'* BOUNDARY CONDITIONS
D,1,ROTY, .. ,3,UX,UT ,LZ 'SAL 6/26/91 SAL 7/18/91
D,11,RO'Y, ..... UY ,UZ
D '7,ROTX,,, 12,5,UX,UZ
D.8,UZ... 10,2, ROTX, UX
D,101,ALL, ...110,3
0, 108,ALL,...¶32,24
D,111,ALL, ...112,1
C"'* ANALYSIS OPTIONS
ITER, -20, 20
TREF,70
POSTR, .1,5
C"'* PLOT GEOMETRY AND B.C.
/S HOW
/PBC,ALL, 1
EPLO
/PN1I, NODE, I
EPLO
/PNLIMNODE,1
/PNLP4,ELEM, 1
EPLO

EPLO
C"'*

ýProj eci

Sub jeci

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
34'
345
346
347
348
349
350

n--lif -of Worst Cases of Thermally Restrained. Structurest
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351 C**' DL + LL + SSE X!-PLANE

352 ACEL,0.9,0,l.
33

353 c** CONCENTRATED LOADS

354 C*** 'DLI + 'SMBOT' + ISMSDN' + 'HANDON' + 'HANDOT'

355 C"'* TEMPERATURE LOADS

356 *CREAT,MAC
357 TLJNIF,ARG1
358 WURITE

359 *END
360 *USE,MAC,70

361 FDELE,ALL,AIL

362 C"'* DL + LL + SSE YZ-PLANE

363 ACEL,O,-0.9,1. 33

364 C**' ODLI + ?SMBCWP + 'HANDDN' + 'NANOCH'

365 *USE,MAC,70

366 C**'
367 C**' BOUNDARY CONDITIONS - 2

368 C**'

369 *CREAT,MACD
370 TUNIF,ARGI

371 D,I,IJX,-ARG2

372 D,I.,UX,ARG2

373 LURITE
374 'END

375 D,11,UY,(l1/
32)

376 D,7,UX,(1/32),,12,5
37-7 D,10,UX,(i/32)
378 C"'*

379 DD1m(0.- 03/26)

380 -USE,MACD,80,DD1
381 RP25,,¶O,DD1
382 'tiSE,MACD,327,0.0!
383 AFWRITE,,1
384 FINISH
385 /INPUT,27
386 FINISH

387 /POST1
388 NLINE,200
389 *CREATPLD
390 SET,ARGI

391 PRRFOR
392 PRDISP
393 PLDISP

394 PLDISP,1
395 *END

396 *USE,PLD,1
397 *USE,PLD,2
398 *USE,PLD,28
399 FINISH
400 C"'*

Structures - PackageI

No. NR
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11.3.2.1 ANSYS Input File "PR9C" (continued)

n~strained Structures - PackaQe I

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

436
437
438
439
440
441
442
443

* 444
* 445
*446

447
448
449
450

/P05T26
L I NE, 200
NMNAR,50
TVAR, I
ESTR,2,1,53,TEMPP

*CREATE, STCN

C*** STORE STRAINS FOR
ESTR,13,ARG1 ,215,EEO1
ESTR, 14,ARG1 ,216,EPOI
ESTR, 15,ARGI ,227,EEO3
ESTR, 16,ARGI ,228,EP03

ESTRI 17, ARG1, 25 1,EEO7
!'ESTR, 18,ARG1,-252,EPO7
ESTR, 19,ARG1 ,263,EEO9
ESTR,20,ARGI ,264,EPO9
PRVAR,2, 13, 14, 15, 16
PRVAR,2,17, 18,19,20

C*EN

*CREATE,STCi

C*** STORE STRAINS FOR
ESTR.43,ARG1 ,95,EE0I
ESTR,44,ARGI ,96,EPO1
ESTR,45 ,ARG , 107,EEO3
ESTR,46,ARGI, 108,EP03
ESTR,47,ARG1 .131 ,EEO7
ESTR,48,ARG , 132,EPO7

ESTR,49,ARGI ,143,EEO9
*ESTR,5OARGI, 144,EPO9
PR VAR ,2,43 ,44 ,45 ,46
PRVAR,2,47,48,49,40
*END
C...

*CREAT ,DSP

DISP,21,ARGI,UX,UX
DISP,22,ARG1IT,UY
DJSP,23,ARGI,UZ,LJZ
PROD ,24 .21,21, ,UXLX
PROD,25,22,22, ,UYUY
PROD,26,23,23, ,UZUZ
ADD ,27, 24 ,25 ,26 , 5

SQRT,28,27, ...SRSS
PR VAR ,2, 21, 22 ,23 ,28

*END
C*..

'USE,STCI,1
-USE,STC1 .4

1JSE,STCN,45

CHNE9 OE

CHANNEL (I1 NODE)

Restrained Structures - Packacze I
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451 *USE,STCN,46
452 *USE'STC"'19
453 -USE, STCN, 51
454 *USE,STCN,52
455 *USEDSP,51
456 *IJSE,DSP,52

457 C**
458 *1JSE,STCN,28
459 *LISE,DSP,2
460 *USE,STCN,4
461 *USE,DSP,5

* 462 *USE, DSP, I
463 *USE,DSP,4
464 C***
465 *CREAT,RFOR
466 RF0RC,31 ,ARG1 ,FX,RFX

467 RFORC,32,ARG1,FY,RFY
* 468 RF0RC,33,ARGI,FZ,RFZ

469 RFORC,34,ARG1,MX,RMqX
470 RFORC,35,ARGI,MY,RMY
471 RFORC,36,ARG1,MZ,RMZ
472 PRVAR,31,32,33,34,35,36
473 *EN

474 *USE,RFOR,8
475 tJSE,RFOR,108
476 *USE,RFOR,10
477 -USE,RFOR,110
478 *USE,RFOR~1
479 *USE,RFOR,101
480 41.SE,RFOR,4

481 *USE,RFOR,104
482 FINIESH
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11.3.2.2 ANSYS Input File "PR9CM" (Analysis for Modified structure)

/PREP7

/TITLE,PR9CM - EVAL. FOR WORST CASES 1-27 &
/CO4
/COM BRANCH/PROJECT ID =UCG-1-969

/COm

/COM PREPARED BY: SAL 8/19/91

/CON CHECKED BY: C. Y. WU 8/19/91

/CON

/CON ANALYSIS FOR THE-MODIFIED STRUCTURE

'CON

ICON INPUT: PR9CM

/CO4 OUTPUT: PR9CMR

/CON FILE12: PR9CMF

/CON PLOT: PR9CMP

ICON

C** ANSYS ANALSIS OPTIONS AND REFERENCES

KAN,*

KAY ,6, 1

C** ELEMENT TYPE

ET#,1 ,24# t, ,,,,,1

E T 2#4,, , , ,1

ET,3,14,,l
ET,Ii,14,,2

ET,5,14,,3
ET,6, 14,14

ET ,7, 14, .5
ET,8,14,,6

ET,9,21 ....

ET,10, 14,,

C*** MATERIAL PRO

EX, 1,29000

RP21,1

ALPX,1 ,6.5E-6

RP21,1

DENS, 1,0.283E-3

DENS,2,0.283E-3

DENS,3,0.602E-3

DENS,4, 1.081E-3

DENS,5,1.481E-3

DENS,6,0.617E-3

DENS,7, . 152E-3

DENS,8, 1.270E-3

DENS,9,0.983E-3

DENS,10,1.517E-3

DENS,11,1.677E-3

DENS, 12,O.716E-3

DENS, 13,D.80IE-3

DENS,14,0.871E-3

DEws,15,0.944E-3

293-9(C), DWG 48W968, EL. 783-8 1/2

" STIF4
" SPRING KX

" SPRING KY

" SPRING KZ
" SPRING ROTX

" SPRING ROTY

* SPRING ROTZ

" 3D MASS ELE.

" SPRING ALONG TWO POINTS

PERT IES

" STEEL DENSITY - NON-LINEAR

" STEEL DENSITY - LINEAR

" ELE. 4-6

" ELE. 7-8
" ELE. 9-10

" ELE. 1-3, 28, 11,29

" ELE. 12
" ELE. 13

" ELE. 14
" ELE. 15

" ELE. 16

"ELE. 21

" ELF. 22
" ELE. 23

* ELE. 24

ect wonr unit 1

ect Qualif. of Worst Cases of Thermally Restrained Structures - Package I
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51
52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

DENS, 16,1.040E-3 * ELE. 25-26
DENS, 17, 0. 0 * ZERO DENSITY -RIGID LINK

DENS, 18, 1. 357E -3 * ELE. 32-33
DENS,19,0.936E-3 * ELE. 37

DENS, 20,0.602E-3 * ELE. 38
DENS, 21,1.016E-3 *ELE. 40

MPTEMP,1,70, 100,200,300,400
RP21,1

MPOATA,EX, 1,1 ,29.0E3,28.9E3,28.3E3,27.9E3,27.4E3

RpZi ,I
MPOATA ,ALPX , 1, 1,6. 50E-6, 6. 50E-6, 6. 50 6, 6.67E-6,6. 8E-6

RP21,,l
C*** NONLINEAR MATERIAL CONSTANT

'CREAT ,MNL
NL,ARG1 ,13,10
ML,ARG1 ,19,70,100,200,300,400
NL,ARGI ,25,36,36.0,36.0,36.O,36.0
ML,ARG1 ,31, 150,150,150, 150,150

;*END

*USE,I4NL, I
*USE,MNL,3
*USE,MNL,4
-USE ,MNLP6
*USE ,MNL,12
*USE,MNL, 13
*USE,MNL, 14

-USE,MNL,15
'USE,MNL, 16

C*** CROSS SECTIONAL PROPERTIES
C**' CHANNEL C7X9.8 "

CF2. 090
TCF=0 .366
CD=7.0O
TCW=0.210
XBR=(0.541)+0.07069 SAL 7/10/91
C"'*

X02(TCWI2)-(XBR)
CC-CF- (TCW/2)
DDe(CD-TCF)/2.
QCýCC/2
OD=0D/2
CC=CC+X0
QC--OC+X0
'STAT
C"'*

R,1,CC,DD,0,QC,0O,TCF S TIF24 REAL PROP. -C7X9.8

RMORE,X0,DD,TCF,XO,00,ICW
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101
102
103
104

106
107
108
109
110
ill
112
113
114
115
1 16

*117
118
119
120

121
122
123
124
125
126
127
128
'129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
ISO

RHORE,XO,0,TCW,XO, -O0,TCW
RMORE,XO, -DD,TC¶J,OC, -DD,TCF

RMORE,CC, -DD,TCF

R,2,2.87,0.968,21.3,7.0,2.09
RMORE,,O.1
R,3,2.64,0.632,8.90,5.0,1.885
RMORE,,0.109
R ,4 ,4000 ,5000 ,5000, 20, 20
R,5,8147
R,6,17315
R, 7,27600
R, 8,56498
R,9,0
R,10,21249
R,11. 25989
R, 12,33132
R,13,1590
C** GENERALIZED MASS
R,14,.020,.020,.020

R,15,.031,.031 ,.031
KASXv( .03S)*9.38
MASXwMASX/0 .9
MASY=-MASX
MASZ=( .035)'4.35
MASZ=-MASZ/1 .33
R, 16,MASX,MAsY,MASZ
R,17,100,5000,5000
R,18,19791
R,19,12960
R, 20,2885
R, 21, 300*4)

C** NODAL COORDINATES

N, 1,67. 68
N, 101,67.68
N,2,67.68,5.
K, 102,67.68,5.
N,3, 67.68 ,44 .96
M, 4, 103.68
N, 104,103.68
N, 5,103.68,5.
N, 105, 103.68,5.
N, 6, 103.68,44.96
N, 7, 145 .68, 44. 96
N, 107,145.68,44.96
N,8,0,29.36
N, 108,0,29.36
N,9Q,67.68, 53 .96

" C7X9.8

" C5X9 - ADDED MEMBERS

ANCHOR SHEAR SPRINGS & RIGID BEAM
SPRING ROTY 2NODE 8

SPRING ROTY 2NODE 10
SPRING ROTX 2NOOES 1,4,11
SPRING ROTY 2NODE 7
SPRING ROTZ ONODE 8
SPRING ROTZ 2NODE 10
SPRING ROTZ 2NODES 1,4
SPRING ROTZ 2NODE 7
VERT. SPR. 'C24' - NODE 32

*NODE 95 (28)

*NODE 96 (29)

*NODE 97 (30)
*ANCHOR SHEAR SPRINGS & RIGID BEAM
*SPRING ROTY ODE 12
*SPRING ROTZ ODE 12

SPRING AXIAL ODE 32
*SHEAR SPRING ODES 1 & 4
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11.3.2.2 ANSYS Input File "PRCM" (Continued)

151 N1,109,67.68,53.96
152 N1,10,135.36,78.76
153 N,110,135.36,78.76
154 11,11,115.68
155 W1,111, 115.68
156 1, 12,145.68,27.96
157 N, 112,145.68,27.96
158 1, 13,67.68,30.
159 N1,14,103.68,30.
160 1, 15,85.63,5.
161 W1,16,85.63,30. 0
162 N1,17,85.63,44.96
163 1, 18,115.68,44.96
164 1, 19,129.18,44.96
165 N1,20,5.69,31.2
166 N,21,24.48,38.24
167 N1,22,48.92.47.15
168 N1,23,74.31,56.03
169 N1,24,86.51,60.61
170 N1,25,95.44,63.86
171 V1,26,117.52,71.9
172 N1,27,129.03,76.09
173 N1,28,67.68,2.5
174 RP2,67,-3.75,0,29.5
175 N1,29,67.68,46.44
176 RP2,67,-3.742,0,32.516
17-7 N,30,50.996,47.884
178 RP2,67,0.61563,-1.6914,-13.5
179 11,31,115.68,27.96
180 P111,8,20,1,41,1

.181 FI11,20,21,2,45,1
182 F111,21,22,2,51,1
183 P111,22,30,1,55,1

FI11,30,9,3,61.1
P111,9,23,2,65,1
P111,23,24,2,71,1
FIL1,24,25,2,75,1
:F111,25,26,3,81,1
P111,26,27,3,85,1
P111, 13,3,3,91,1
N1,32,56.11,68.79,5.69
DX=(56. 11)-67.68
DTe(68.79)-61 .78
N,132,DX+56.11 ,DY+68.79,5.69
N1,33,67.68,61.78,5.69
11,34,74.31,56.03,5.69
11,35,67.68,53.96,5.69
N1,99,103.68,5., 100
N1,100,67.68,53.96,100
C** ELEMENT CONNECTIVITIES

.~JOINT 14A' REP. STRWL3 MODEL

*JOINT '388' ABOVE NODE23
*JOINT 139A1 ABOVE 1100E9

WBNP Unit 1

nualif of Worst Cases of Thermallv Restrained Structures - Packaae I
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11.3.2.2 ANSYS Input File "PR9CM" (Continued)

201
202
203
204
205
206
207
208
209
210

* 211
212

* 213
214
215
216
217

* 218
219
220
221
222
223

* 224
* 225
* 226

227
228
'229
230
231
232
233
234
235
236
237
238
239
240

241
242
243
246
245
246

247
248
249

250

SREAL,1 *STIF24

S,91,91,92, 100

SREAL,1 I

SREAL,1 I

S,92,92,93,100 S,93,93,3,100

STIF24

STIF24

KAT,6 STYPEl1
EN,1,1 ,28, 100

EN, 2,*2,13, 100
EN ,3 ,13, 91, 100

EN,28,28,2, 100
EN, 11.3 .29, 100
EN,29,29, 109,100
MAT,3 STYPE,1
EN,4,4,5,99
EN ,5,5,14,99
EN ,6, 14,6, 99
MAT,4 STYPE,1
EN 7,102, 15,99
EN,8, 15 ,105 ,99
MAT,1 STYPE,1
EN, 17,8,41,100
EN. 18, 20 ,45, 100

EN, 19, 21 ,51, 100

EN ,20 ,22, 55 ,100

EN,27,30,61 ,100
MAT,12 STYPE,1

EN, 21 ,9, 65 ,100

MAT,13 STYPE,1
EN ,22 ,23 ,71 ,100

PIAT,14 STYPE,1

EN ,23 ,24 ,75 ,100

KAT,15 STYPE,1
EN ,24,25,81 ,100

MAT,16 STYPE,1
EN ,25 ,26 ,85 ,100

EN,26,27, 10,100
MAT,5 STYPE,2
EN,9,13, 16
EN, 10,16,14
KAT,7 ITYPE,2
EN, 12,3, 17
KA1',8 STYPE,2
EN, 13, 17,6
MAT,9 STYPE,2

EN, 14 ,6, 18

MAY,10 STYPE,2
EN ,15,18, 19

MAT,11 STYPE,2
EN, 16, 19, 7

KAT,18 STYPE,2
EN,32,32,33

EN,33,33,34
KAT,2 STYPE,2
EN,34,33,35
M4AT19 STYPE,2

SREAL, 2

SREAL,2

WRAL, 2

SREAL ,2

$REAL, 2

WRAL, 2

SREAL ,3

IREAL,3

WRAL, 2

6,46,21,100
2,52,22,100

2,62,63,100

6,66,23,100

2,72,24,100

6,76,25,100

2,82,83,100

6, 86, 87, 100

S,63,63,9,100

S,83,83,26,100

S,87,87,27,100

" STIF4

" STIF4

" STJF4

" STIF4

" STIF4

" T*

" STIF4

" STIF4

" STIF4

&REAL,1 * STIF24
S,41,41,20,100
S,45,45,46,100 S,4

S,51,51,52,100 S,5

9,55,55,30,100
S,61,61,62,100 S,6

.SREAL,1 * STIF24

S,65,65,66,100 S,6

SREAL,1 STIF24

3,71,71,72,100 S3,7
SREAI,1 *STIF24

3,75,75,76,100 S,7
SREAL,1 * STIF24
S,81,81,82,100 3,8

IREAL,1 * STIF24

S,85,85,86,100 3,8

wamo "ý 4 * I

Oualif. of Worst Caseg of Thermally Restrained Structureg - Package It
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11.3.2.2 ANSYS Input File "MRCM" (C ontinued)

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

WRAL, 2

SREAL,2

$REAL, 2

SREAL,4

"STIF4

" STIF4

" STIF4

,*RIGID LINK

EN,37,11 ,31
MAT,20 STYPE,2
EN ,38 .31, 18
NAT,2 STYPE,2
EN ,39 ,18, 25
P(AT,21 STYPE,2
EN,40,31, 12
MAT,17 STYPE,2
EN,35,35,9
EN,36,34,23
EN ,95 ,28 ,95

EN .96 ,29, 96
EN ,97,30, 97
TYPE,3 SREAL,4
EN, 171, 111, 11
TYPE,4 SREAL,4

EN, 142,108,8
TYPE,4 SREAL,4
EN, 132,107,7
EN, 152, 110, ¶0
EN, 182, 112, 12
TYPE,3 SREAL,21

C*- EN,104,4,104
TYPE,5 SREAL,13
EN, 163,132,32
TYPE,10 SREAt ,20
EN, 161,132,32
TYPE,6 -SREAL,7
EN, 114, 101, 1
EN, 124,104,4
EN, 174 ,111, 11
TYPE,7 SREAL,8
EN,135,107,7
TYPE,7 SREAL,18
EN, 173 ,112, 12
TYPE,7 SREAL,5
EN, 145,108,8
TYPEJ,? SREAL,6
EN, 155, 110, 10
TYPE,8 SREAL,-11
EN, 116, 101, 1
EN, 126,104,4
EN, 176 ,111, 11
TYPE,8 IREAL,12
EN,136,107,7
TYPE,8 SREAL,19
EN, 186 ,112, 12
TYPE,8 SREAL,9
EN.146, 108,8

*SPRING NODE 7 RZ

*SPRING RODE 12 RZ

SPRING NODE 8 RZ

SPRING X

*SPRING KY

*SPRING KY

*SPRING IZX

*SPRING KZ NODE 32

SPRING AXIAL NODE 32

*SPRING NODES 1,4 RX

*SPRING NODE 7 RY

0SPRING NODE 12 RY

*SPRING NODE 8 RY

*SPRING NODE 10 RY

0SPRING NODES 1,4 RZ
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11.3.2.2 ANSYS Input File "PRCM" (Continued)

301 TYPE,8 SREAL,10 SPRING MODE 10 RZ

302 EN,156,110,10

303 TYPE,9 SREAL,14 MASS MODE 95 (28)

304 EW,201,9
5

305 TYPE,9 SREAL,15 *MASS NODE 96 (29)

306 EN,202,
96

307 TYPE,9 SREAL,16 MASS MODE 97 (30)

308 EN,203,
97

309 C***

310 /COM

31 /CON MACRO TO SPECIFY ONE SPRING IN T DIRECTION

312 /CON
313 -CREAT,SPR2

314 PSPRING,ARGITRAN,ARG2,ARG
3

315 *END

316 C*** 4USE,SPR2,1,(20
0*4),l * SPRING IN X DIR

317 C** 41JSE,SPRZ,4,(20
0*4),¶ * SPRING IN X DIR

318
319
.320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
3"
345
346
347
348
349
350

C-COUPLED DOFS FOR MEMBER END RELEASES

cp,i,IJx,102,2
CPLGEN,1,UY,UZ,ROTX,ROTY *NODE2

cpsGEN,2,3,1,5 *NOOE5

CPSGEN,2,7,1,5 *NOOE9

CPLIST,ALL
C 4* LOCAL COORDINATES SYSTEMS

LOCAL,12,0,O,29.
36,0,20 SHROT,10,¶11O1

00

LOCAL,13,O,O,29.
36
1O,

33 SHROT,8,108,100

CSYS,O
C***;BOUNDARY CONDITIONS
D,1,ROTY...4,3,UX,UY,UZ SAL 6/26/91 SAL 7/18/91

D,11,ROTY .....UY ,UlZ
D,7,ROTX, ... 12,5,UX,UZ

D,8,UZ .... ,ROTX

0, 10 ,UZ, ..... ,ROTX ,UX

0, 101 ,ALL ... 110,

0, 108 ,ALL, .. 132, 24

0,111 ,ALL, ...112,1

C*** ANALYSIS OPTIONS
ITER,.20,20
TREF,70
POSTR,,1,5
C** PLOT GEOMETRY AND B.C.
/SHOW
/PBC,ALL, 1

EPLO
/PNIJM,XODE,1
EPLO
/PNUM,NOWE,-1
/PWML#,ELEN. I

EPLO

iProj

'Subi ect Qualif.-of-Worst'Cases-of Thermally Restra-inedZtructures .--Package I
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11.3.2.2 ANSYS Input File "PRCM" (Continued)

351 /VIEJ, 1,1, 1

352 EPLO
353 C***
354 C*** DL + 11 + SSE XZ-PLANE

355 ACEL,O.9,O,1.33
356 C*** CONCENTRATED LOADS

357 C"'* 'DL' 4 'SMBOT' 4 'SMBON' + 'HANDDN' 4 HANDOT'
358 C"'* TEMPERATURE LOADS
359 'CREAT,MAC
360 TUNIF,ARGI

361
362
363
364
365
366
367
368
369
370
371
372

373
374
375
376
377
378
379
380

*381
382
383

* 384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

* 400

LWRITE
*END
OUSE,MAC,70
FDE LE ,ALL ,ALL
C"'* DL + LL + SSE TZ-PLANE
ACEL,0,-0.9,1.33
C"'* 'DLf + 'SMBCWIJ + 'HANDDN' * HANDCIJ'

-USE,MAC,70
C".*

C"'* BOUNDARY CONDITIONS 2
C*"'
*CREAT ,MACD

TUNIF,ARGI
D,1,UX,-ARG2
D,4,UX,ARG2
LWETTE
*END
0,11,UY,(-1/32)
O,T,UX,(1/32),. 12,5
D, 10,UX, (1/32)
C***
DDl:(0.03/26)
*USE,MACD,80,DDI
RP25, ,1O,DD1
'USE ,MACD ,327, 0.03
AFWRITE,, 1
FINISH
/INPUT,27
F IN ISH
/ POST 1
NLINE,200
*CREA7, PLD
SET ,ARG1
PARRFOR
PRD1SP
PL I SP
PLDISP, I
*END
'USE ,PLO I
*USE,PLD,2

A.. won" " 4 1wc

ect Qualif. of Worst Cases of Thermally Restrained Structures - Package I
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11.3.2.2 ANSYS Input File "PR9CM" (Continued)

*USE,PLD,28
FINISH

401
402
403
404

* 405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

CHANNEL U MODE)

/POST26
LI NE,200
NUMVAR,50
TVAR,1
ESTR ,2,1, 53, TEMP
C***
*CREATE, ST CN
C*** STORE STRAINS FOR
ESTR, 13,ARGI ,215,EEOI
ESTR,14,ARG1 ,216,EPOI
ESTRI 15,ARG1,227,EEO3
ESTR, 16,ARG1 ,228.EPO3
ESTR,.17,ARGI,251,EEO7
ESTR,18,ARGI ,252,EP07
ESTR, 19,ARG1 ,263,EE09
ESTR,20,ARGI ,264,EPO9
PRVAR,2, 13,14,15,16

PRVAR,2,17, 18,19,20
*END
C"'*

*CREATE, STCI
C"'* STORE STRAINS FOR
ESTR,43,ARGI ,95,EEOI
ESTR,44,ARG1 ,96,EPOI
ESTR,45 ,ARG1, 107, EE03
ESTR,46,ARG1 , 10,EP03
ESTR,47,ARGI, 131,EE07
ESTR,48,ARG1 ,132,EPO7
ESTR,49,ARGI , 43,EEO9
ESTR,50,ARGI1 ¶44,EP09
PRVAR ,2, 43 ,44 ,45 ,46
PRYAR ,2, 47,48,49, 40

*END
C"'
#C2FAT,DSP
D!SP,21 ,ARG1 ,UX,UX
DISP,22,ARGI,UY,UY
DISP,23,ARG1,UZ,UZ
PRcXI,24,21,21,,UXUX
PROD,25,22,22, ,UYUY
PROW,26,23,23, ,tZUZ
ADD ,27, 24,25 ,26, SS
SORT ,28 ,27, ... SRSS

PRVAR,2,21 ,22,23,28
*ENO
C"'*

'UU,STC1,1

Package I

CHANNEL VI NODE)

wamp "" 4 t I

t Oualif.'of- Worst-Cases of Thermally-Reotrained-Structures -
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11.3.2.2 ANSYS Input File "PR9CM" (Continued)

451
£52
453
454
'55
456
457
458
459
460
461
462
463
464
465
£66
467
£68
£69
£70
471
472
473
'7'
475
£76
£77
£78
479
£80

481
482
483
844

485

'USE,STC 1,4
C...
IJSE,STCN,45
'USE,STCN,46
'USE,STCN, 19
-USE,,STCN,51
-USE,STCN,52
*USE ,DSP,51
-USE ,DSP ,52
C...

*USE,STCN,28
*USE,DSP,2
-USE,STCN,4
*USE,DSP,5
-USE,DSP, 1
-LUSE,DSP,£
C...

*CREAT,R FOR
RFORC,31 ,ARCI ;FXiRFX
RF0RC,32,ARG1 ,FY,RFT

RFO)RC,33,ARGI ,FZ,RFZ
RFORC,34,ARG1 ,MX,RKX
RF0RC,35,ARG1 ,MY,RNY
RFORC,36,ARGI ,NZ,AMZ
PRVAR,31 ,32,33,34,35 ,36

*END~
*USE ,RFOR,
'USE,RFOR, 108

'USE#RFOR,10
"JE,RFOR,110

*USE,RFOR,l
-USE,RFOR, 101
*USE,RFOR,4
*USE,RFOR, 104
FINI SH
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11.3.3 Analysis Results

11.3.3.1 Analysis Results for "PR9C" (Analysis for the Original Structure)

The ANSYS output for the analysis "PR9C" is stored in file "PR9CR". The analysis

results of the final load step (L.oad Step 16) are provided in this Section.

.The ..deformed..structure is plotted..in Figure 11. 3.3. 1.,1. Note that the displacements in

this plot are magnified. This member is subjected to weak axis bending mainly due to

thermal effect.

The reaction forces and the nodal displacements are provided in Sections 11. 3.3. 1. 1 and

11.3.3.1.2. The maximum displacement for the Axially restrained member occurs at

Node 5 1.

For the worst case 1-27 (Axial Restraint), the stresses and strains for elements 46, 19,

51 and 52 are listed in Section 11.3.3.1.3. Theses elements are in the neighborhood of

..node.51 -.where maximum displacements occurs. For the worst case 2&3-9(C)

(Proximity Restraint), the stresses and strains for elements 7, 8, 28 and 4 are also

presented in Section 11.3.3.1.3. The following explanations are provided for the labels

shown in the stress and strain output.

PT: Segment .Point Number, see Figure 11. 2.2. for the. definition of segment

point for cross-section of Channels.

TEMP: Temperature

SIGX: Axial Stress

EP: Axial Elastic Strain

EPPL: Axial Plastic Strain



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT Ib: WCG-i-969

Dy__Iý. ate________ Sheet 70of 25
Chkd. byJ Date______ OFS No. NR Dept. No. MR
M i~nt TVA

* Project
-Subject

W'BNP Unit 1

OuaJlif. of worst Cases of Thermally Restrained Structures - Packaae I

Figure 11. 3.3. 1. 1 Deformed Shape of the Model for Analysis PR9C
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For worst case 1-27 (Axial Restraint), the strain history at nodes 46, 21, 51, 52, and 22
are presented in Sections 11.3.3.1.4 through 11.3.3.1.8. These nodes are in the
neighborhood of node 51 where maximum displacement occurs. The history of both
elastic strain and plastic strain at segment points of 1, 3, 7, and 9 (see Figure 11.2.2 for
segment point definition) are provided. Labels in the strain history print-out are defined
as follows:

ITER:

TEMP:

ARGlEE01:

ARGlEP01:

ARG LEEO3:
ARG lEP03:

ARGlEE07:
ARGl1EP07:

ARGl1EE09:

ARGlEP09:

Cumulative Iteration Number
Temperature

Elastic Strain at Segment Point 1
Plastic Strain at Segment Point 1
Elastic Strain at Segment Point 3
Plastic Strain at Segment Point 3
Elastic Strain at Segment Point 7
Plastic Strain at Segment Point 7
Elastic Strain at Segment Point 9
Plastic Strain at Segment Point 9

~The yield- temperature is determined where the plastic strain first appear. For example,
the yield temperature for node 51 is 260'F (Section 11.3.3.1.6).

To identify the yield displacement of node 51, the displacement history of node 51 is
presented in Section 11.3.3.1.9. The labels in the print-out are explained as follows:

TEMP:

UX:
UY:

UZ:

SRSS:

Temperature

Displacement in nodal x direction
Displacement in nodal y direction
Displacement in nodal z direction
Square Root of (UX 2+UY 2 +UZ 2)

The yield displacement and the final displacement are used to determine the Ductility
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Ratio (final di splacement/yield displacement).

For worst case 2&3-9(C) (Proximity Restraint), the stress and strain history at nodes 2

and 5 are presented in Sections 11.3.3.1.10 and 11.3.3.1.11 respectively. The

displacement history at nodes 2 and 5 are provided in Section 11.3.3.1.12 and

11.3.3.1.13 respectively. No yield occurs in the Proximity member and the Supporting

members.

The member of the worst case 1-27 is not accepted per DG-C 1.6.12 Ri (For details, see

Section 11.3.4. 1, Member Qualification for worst case 1-27).. A slotted hole is installed

to release the thermal-induced axial force. The modified structure is re-evaluated with

the analysis "PR9CM" and the member is qualified using the results from the new

W~49 . analysis. The results of the analysis "PR9CM" are presented in Section 11.3.3.2.
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11. 3.3. 1. 1 Reaction Forces

PR9C - *EVAL. FOR WORST CASES 1-27 & 293-9(C), DWG 48N968, EL. 783'-8 1/2

*** POSTI REACTION FORCE LISTING ***

LOAD STEP 28 ITERATION=
TIME= 0.0000

Sheet 73 .of ý

OFS No. NR Dept. No. NR

i~d ~ructures - Packaae

20 SECT ION= 1
LOAD CASE= 1

THE FOLLOW.ING X,Y,Z FORCES ARE IN NODAL COORDINATES

FY
-4.3482587
1.7394106

-.39899433E-01

0.0000000
0. 0000000
-.24104888

-11. 616362
-.75347139
0. 0000000
-.290755 17
.49995323

FZ
.25531173
.22051535
.41409364
.40827152
.42557583
.67246683E-01
.118.42651
0.0000000
.0.0000000

0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
.11567178E-01

NY
-.24550348
- .26600746

.15686290E-01
-.79631414
-.60811805

- 57760785E- 02
4. 1469186
3.7209014
0.0000000
0.0000000
0. 0000000
2.2017371
0. 0000000
0.;0000000

.54323064E-02

0.0000000
0. 0000000

7.3 102569
1.3848897
4.9289769
0.0000000
1.8059134
0.0000000

'TOTAL '-1.2292163 -15.050431 19104 86682 1.298 -8668

NODE

4
7
8
10
11
12

101
104
107
108
110
ill
112
132

FX
1.6503752
-.47005047
-6.1124883
50.672930
-46.757535

.47668958
0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000
.19486930
0.0000000

- .88400565

- 13.5 13746
-6.1115772
4.7319111
-14.339904
.35916084

-3. 0674356
3 .3 153068
0.0000000

ed Structures - Package

1.9210084 8.6865872 14.923958 -28.626285
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11.3.3.1.2 Displacements

PR9C - EVAL. FOR WORST CASES 1-27 & 293-9(C), DWG 4SN968, EL. 7831-8 1/2

SPOSTI NODAL DISPLACEMENT LISTINiG

LOAD STEP 28 ITERATION= 20 SECTION= I
TIME= 0.0000 LOAD CASE= 1

THE FOLLOWING X,Y,Z DISPLACEMENTS ARE IN NODAL COORDINATES

NODE LIX
1 - .30000000E-01
2,- -.3679117'5E-01
3 - .10206399
4 .30000000E-O1
5 .26147318E-01
6 - .39888336E-01
7 .31250000E-OI
8 0 .0000000
9 - .70247157E-01

10 .31250000E-O1
11 - .48717325E-04
12 .31250000E-O1
13 - .98494325E-01
14 - .34919834E-01
15 - .54093220E-02
16 - .66795380E-01
17 - .71062680E-01
-15 - .19267263E-01

19 .34552322E-02
20 - .85014762E-02
21 - .34491597
22 -.33923870
23 - .22269529E-01

24 - .43222354E-01
25 -.50079112E-01
26 -. 75679907E-02
27 .20952777E-01
28 - .32480290E-01
29 -.98810885E-01
30 -.31023912
31 - .21818803E-01
32 .205543114
33 .85924491E-01
34 - .19981729E-01

35 -.67543102E-01
41 - .10925319E-02

45 -.12743297
46 - .23893782
51 -.461479T7
52 -.43909492

UY
ý0.0000000
* 90881 83BE -02
.81683525E-01
0.0000000
.87017696E-02
.78064588E-01
.60262219E-04
.29040906E-02
.97986193E-01-
* 18836785E-03

- .31250000E-01
.72688793E- 04
.54452760E-01

,52124286E-01
.10781880E-01
.54129904E-01
.77865869E-01
.48046923E-01
- 20240655E-01
.25468829E -01
.88756364
.84485813
-.33081 180E-01
.34871726E-01
.85143313E-01
.48030027E-01
.10607259E-01
.45456279E-02
.84389977E-01
.76533 132
.18038373E-01
.35033846
.11155758
-.31337005E-01
.99384888E-01
.1091407'7E-01
.30722779
.60427819
1.1903594
1.1181509

LIZ
0. 0000000

- .8188972SE-03
7 .94132952E-02
0. 0000000

- .76721987E-03
- .887-0415E-02
0. 0000000
0. 0000000

- .11010682E-01

0. 0000000
0.0000000
0. 0000000
-.66954534E-02
- .56870567E-02
- .21081292E-02
- .61014739E-02
- .99485094E-02
- .66971289E-02
- .33470537E-02
.57671552E-02
.23782253E-01
.60033190E-01

-.-14540636E-01
*-.19241492E-01

- .17318791E-01

- .11327255E-01

- .46595104E-02
-.64141351E-03
-. 1004505?E-01
.64322340E-01

- .34478567E-02
- .72745920E-05

- .33146764E-02
- .45097554E-02
-.97993916E-03
.29666006E-02
.11704922E-01
.17636339E-01
.33884887E-01
.45089254E-01

IROTX
.15025067E-03
-.17883448E-03
-.229071 14E-03
-.13481527E-03
-.16230317E-03
-.20290884E-03
0. 0000000
0. 0000000
-.25038302E-03
0.0000000
-.79773082E-04
0.0000000
-;.22346108E-03

- .20782931E-03
- .10997894E-02

- .21603316E-03
- .20980050E-03

- .22312842E-03
-.-13048100E-03
.37743070E-02
.10974844E-01
.4227929BE-01

- .30965223E-03
-.-12609761E-02
- .2897fl163E-03
-.-20672669E-02
-.-16519816E-02
-.-16671220E-03
- .23216657E-03
.47025625E-01

-.-16247352E-03
- .31638147E-03
- .31443469E-03
- .30973169E-03
-.-25044038E-03
.19836548E-02
.63986722E-02
.86036205E-02
-.16320544E-01
.26938664E-01

ROTY
0.0000000
.98458075E-05
.420121 34E -04
0. 0000000
-.-15121071E-04
-.-12850342E-03
- .12938966E-03

-.-16998769E-03
.47201 120E-03
-.28466514E-03
0. 0000000

- .91249227E-04
.55706427E-05

- .31502955E-04
.97186143E-07
-.-10443620E-04
- .325M779E-06
- .23362377E-03

- .24737729E-03
.14085812E-02
.38818479E-02
.151 15796E-01
.39826506E-03

- .42692061E-03
-.29614651E-03
-. 12657023E-02
-.11166408E-02
- .19332989E-03

.18830098E-03

.16567'796E-01
-.-12261337E-03
.48237515E -03
.48554239E-03
..39863366E -03
.47165636E-03
.51559354E-03
.21 131703E-02
.29704199E-02
.60278373E -02
- 1005017BE-01

ROTZ
.51997947E-03
.19818545E-02

- .17224160E-02

.23516015E-03
.13637008E-02

-.11701424E-02
-. 14281997E-03
.18105940E-02

-.21184229E-01
-.-16902482E-04
.1 1802823E-03

- .25581071E-03
.13535926E-02

-. 10009503E-04
-.76413137E-03
.57327074E-03

-.-19982728E-02
-.-19363917E-02

- 1774643SE-01
.42448581E-01

- .37626270E-01
- .18665033E-01

.70033 702E -02

.24784091E-02
- .44642064E-02
-. 18171608E-02
.14075981E-02

-.-25782027E-02
- .39133534E-01
.48003957E-03

-.1957.1970E-01
.. 19773517E-01
-.- 18665762E-01
-. 21183423E-01
.39255430E-02
.47184794E-01
.46948039E-01
.14252657E-01

- .21729873E-01
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11.3.3.1.2 Displacements (Cont'd)

- .32487520
- .24827971
- .18486655
-. .12219641
- .53732855E-01
- .37707392E-01
- .31475376E-01
- .36883500E-01

,-.-.47055864E-01
- . 49568685E-01

- .45587689E-01
- .35908107E-01
-.22640602E-01
.375 88870E -03
.802271 62E -02
* 15060959E-01

- .10311296
-.10603802
-.10608505
- .44804783E-01
-.1115 1982
- .58809803
0.0000000

- .36791175E-01
0. 0000000
1. 2614 7318E -01
0.0000000
0. 0000000

- .7024.7157E-01

0.0000000
0. 0000000
0.0000000
0. 0000000

.80548951
*.59877239
.42773060
.25864551
.52551803E-01
.88035714E-02

- .23424968E-01
.41356159E-02

:-..55814712E-01
.73195006E-01
.92783959E-01
. 861 60T775E -01
.69605017E-01
.3653 7297E -01
.25870168E-01
.16779870E-01
.61259584E-01
.68067826E-01
.748769I0E-01
.41815697E-02
.10162726
1.3815672
0. 0000000
.90881838E-02
0. 0000000
.87017696E-02
0. 0000000
0. 0000000
.97986193E-01
0. 0000000
0. 0000000
0. 0000000
0. 0000000

.62131322E-01

.46636940E-01

.28156726E-01

.90293489E-02
-. 12248349E -01
-. 134 20483E -0 1
-. 16419009E -0 1
-. 181185 76E -01

.44635444E- 01

.24009950E-01
.12243398E-01

- .28265492E-03
- .30297569E-03
- .30258923E-03

- .80365716E-03

- . 18979178E -01 `-- . 104 77770E -02
- .18339954E-01

- .17157872E-01

- .15967052E-01

- .13953572E-01

-.9T761157E-02
- .81318298E-02
-.64175456E-02

- .70046236E-02
- .78566693E-02

- .86571618E-02
.50640856E-01
.465 72806E -01

- .32529803E-01
0. 0000000

- .81889725E-03
0. 0000000

- .767219M7-03

0.0000000
0. 0000000

- .11010682E-01
0. 0000000
0. 0000000
0.0000000
0. 0000000

.11590137E-02

- .17028592E-02

-. 19876064E-02
- .20359736E-02
-. 19561384E-02
- .18285925E-02

- .22295090E-03
- .22359789E-03

- .22557918E-03
-.16676983E-03

- .23227502E-03

.47025654E -01
0. 0000000

- .17883448E-03

-.-16230317E-03
0. 0000000
0. 0000000

- .Z5038302E-03
0.0000000
0. 0000000
0.0000000
0. 0000000

.,15836367E-01

-12817172E -0 1
.89866607E-02
.50051837E-02
.43746432E -03
.41327531E-03
.22329195E-03

- .13317918E-03

-,42894424E-03
- .38720652E-03
- .72695948E-03
- .10180981E-02

-.11918026E-02
-.12671433E-02

-.- 12434984E-02
- .11940360E-02
- .52532955E-04
- .65189387E-04
- .33206417E-04
- .19334073E-03

- .18831944E-03

- 16567798E-01
0. 0000000
.98458075E- 05
0. 0000000

-. 15121071E-04
0. 0000000
0. 0000000
.47201 120E-03
0. 0000000
0. 0000000
0. 0000000
0.0000000

- .3844.1020E-01.
,-.40929846E-01

- .41175061E-01
- .39577814E-01
- .20471250E-01:
.19670274E-01
.48305135E-02
.70032616E-02

.61262393E -02

.46101536E-02
- .45039155E-03
- .26596548E-02
- .40250183E-02
- .43106614E-02
- .38914780E-02
- .31034549E-02
.10593093E-02
.44944390E-03

- .4T719502E-03
.14075908E-02

- .25782152E-02
- .39133528E-01
0. 0000000
.1567212BE-03
0. 0000000

-. 17818786E-03
0.0000000
0. 0000000

- .43985989E-02
0.0000000
0.0000000
0. 0000000
0. 0000000

76
81
82
83
85
86
87
91
92
93
95
96
97

101
102
104

'105

107
108
109
110
ill
112
132



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-l1-969

By Dae Ifa'

Chkd. by 00O . Date 1tLJ2&... OFS No.-

Sheetk. 7of 730..

NR Dept. No. NR

*. Client TVA

.-Project WBNP Unit 1

Subject Qualif. of Worst Cases of Thermally Restrained Structures-- Packagie I

11.3.3.1.3 Stresses and Strains
42

EL= 46 NODES= 46

END I PT TEMP

1 327.00

2 327.00

3 327.00

4 327.00

5 327.00

6 327.00

7 327.00

8 327.00

9 327.00

-END J1 PT TEMP

1 327.00

2 327.00

3 327.00

4 327.00
5 327.00
6 327.00
7 327.00
8 327.00
9 327.00

FORCES ON MEMBER AT NW

21 MAT=
SI GX

6.0193
-15.122
-24.225

-23.558
- 22 .890
-22.222
-21 .554
-12.451
-3.3478

SI GX
16.826

-10.654
-30.600
*30.542
-30.485
*30.428
*30.364
-4.6943

22.786
ODE 46

21 -

EL= 19 NODES= 21 51 MAT=
END I PT TEMP SIGX

1 327.00 16.800

2 327.00 -10.666
3 327.00 -30.607
4 327.00 -30.555
5 327.00 -30.502

6 327.00 -30.450
7 327.00 -30.392
8 327.00 -4.7014

9-', 327.00 22.764

END J PT TEMP S1GX

1 327.00 36.582

2 327.00 -7.0483
3 327.00 -3.5

4 327.00 -36.643
5 '327.00 -36.627
6 327.00 -ý36.611

7 327.00 -36.595

8 327.00 4.6530
9 327.00 36.646

FORCES ON MEMBER AT NODE 21 5

51 -5

I PRESSURES(Z,Y)= 0.0000

EP

-. 0002 197
-. 0005519
-.0008841
-. 0008598
-. 0008354
.0008110

.0007866'

.0004544

-.0001222

EP

.0006141

-.0003888
.0011168

-.00 11147

-.0011126

-.0011105

-.00 11082

-.0001713

.00083 16

51.9207
51.9226

EPPL
0.0000000

0.,0000000
0.0000000

0.000000C

0.0000000

0. 0000000
0. 0000000
0. 0000000
0.0000000

EPPI

-0. 0000000
0. 0000000
* .0002750

-.0002227

- .0001704

-. 0001181
.0000661

0.0000000

0. 0000000

-2.72496
2.72060

1 PRESSURES(Z.Y)=
EP

.000613 1
-. 0003893
-.0011170

-.0011151

-.001 1132

-.0011113

-.00 11092

-.0001716

_0008308

EP

..0013351

-.0002572

-.0013379

-.0013373

-.0013368
-.0013362.

-.00 13356

.0001698

.0013375

1.9683 -1
1.9706 1

0.0000
EPCR

0.0000000

0. 0000000

0. 0000000

00000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

EPCR

0.0000000

0.0000000

0 .0000000

0. 0000000

0.0000300

0. 0000000

0.0000000

0.0000000

0.0000000

.39 1963
-.384732

0.0000
EPPL

0. 0000000
0.0000000

-.0002746

- .0002221

- .0001696

-.0001171

- .0000648

0.0000000

0. 0000000
EPPL
.0038598

0. 0000000
-.0043715

..0042653

-.004!591

- .0040529

- .0039468
0. 0000000
.0042845

.63280

.62710

AVE. TEMP= 327.00

EPSW

0.0000000

0.00"00000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0. 0000000

-.336464
.345567

0.0000
EPCR

0. 0000000

0. 0000000
0. 0000000
0. 0000000

0. 0000000

0. 0000000
0. 0000000
0. 0000000
0. 0000000
EPCR

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000
0. 0000000
0. 0000000

.367600

-.358224

8.49554 10.8017
-11.0930 -29.0130

AVE. TEM1Pw 327.00
EPSW

0. 0000000

0.0000000

0. 0000000
0. 0000000
0.0000000

0. 0000000
0. 0000000

0. 0000000

0. 0000000
EPSW

0.0000000

0. 0000000
-0. 0000000

.0.0000000
ý0. 0000000

0.0000000
0. 0000000
0.0000000

- .589604
.601407

11. 0749
-14.22 18

29.0127
-43.1462

ON)



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

ByDate42VL1L.
Chkd. by J 0U Date_________

Sheetl.7..of Z2l.a

OFS No. NR* Dept. No. NR

,Client- TVA I I

Proect WBNP Unit 1

Subject Qualif. of Worst Cases of Ther ally Restrained Structures~- PackaQe I

EL= *51 NODES=

END I PT TEMP
1 327.00

2 327.00

3 327.00

4 327.00

5 327.00

6 327.00

7 327.00

8 327.00

9 327.00

END J PT TEMP

1 327.00

2 327.00

3 327.00

4 327.00

5 327.00

6 327.00

7 327.00

8 327.00

9 327.00

FORCES ON MEMBER AT

EL= 52
END I PT

3
.4

5

6

7

8

9

'END J PT

2

3
4

5

6
7

NODES5=
TEMP

327.'00
327.00
327.00
327.00
327.00
327.00
327.00
327.00
327.00

TEMP

327.00
327.00
327.00
327.00
327.00
327.00
327.00

327.00
327.00

FORCES ON MEMBER AT

51 52 MAT= I

SI OX

36.555
-7.3236
-36.636
-36.619
-36.603

-36.586
-36.570
4 .6376
36.62 1

SI GX

36. 172
-13.425
-34. 532
-34.522
-34.512
-34.502

-34.493
.924 14

36. 25 1
NODE 51

52

52 22 MAT=

SI OX
36. 152
-13.943

-34.387

-34.373

-34.360

- 34 .346

-34.327

.79340

36. 233
SI OX

8.2020

- 13.801
-29.216

-29. 126

-28.983

-28.615
-26.464

-4. 4610
17. 542

NODE 52 51.96
22 -51.97

PRESSURES(Z,Y)= 0.0000

EP

.0013341
-.0002673

-.00 13371

-.00 13365

-.0013359

.0013353

-.00 13347

.0001693

.0013365

EP

.0013202

-.0004900

.0012603

-.0012599

-.0012596

-.0012592

-.0012589

.0000337

.00 13230

51. 9947
-51.9968

EPPI
.0036820

0.0000000
-.0042136

- .0041051
2.0039965

- .0038880
- 0037795

0. 0000000

EPPI

.00 11436

0. 0000000
-.0021835

- .0020529
-.0019223

-.0017917

-.0016612

0. 0000000

.0016645

.407892

- .413593

1 PRESSURES(Z,Y)= 0.0000

EP

.0013194
- .0005089
-.0012550

- .0012545

- .0012540

-.0012535

- .0012528

.0000290

.0013224

EP

.0002993
- .00050371

- .0010663
ý-.'00106301

- .0010578
-.0010443
- .0009658

EPPL
.0010073

0.0000000

-.0020894

- .0019554,

- .0018215

- .0016875
- .0015537

0. 0000000

.0015421

EPPI

0.0000000

0. 0000000

- .0002404

- .0001585

- .0000785
-.0000067

0. 0000000

S0.0000

EPCR
0. 0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

EPCR

0. 0000000

0.0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

.333658

-.324232

AVE. TEMP=. 327.00

EPSW

0:.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

EPSW

0. 0000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

-1. 16978
1.18164

0. 0000
EPCR

0.0000000

0. 0000000

0.0000000
0. 0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

0. 0000000

*EPCR

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

14.5376
- 17. 3900

43.0244
-39. 4627

AVE. TEmp= 327.00
EPSU

0. 0000000

0. 0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

EPSW

0.0000000

0. 0000000

0.0000000

0. 0000000

-0. 0000000

0.0000000

-. 0001628 0.0000000 0.0000000 0.0000000
.0006402 0.0000000 0.0000000 0.0000000

'97
'17

1. 73674
-1.74236

.267096
- .257590 1.68099

17.8839
-20. 1587

39. 2223
-24.1384

Restrained Structures - Package I

11.3.3.1.3. Stresses and Strains (Cont'd)



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-l1-969

Chkd. by' J.O(. Date e~/~//OFS No.

Sheet of 236~c
NR Dept.. No.. NRl

Client TVA

'Project -WBNP Unit 1

Subject Qualif. of Worst-Cases of Thermally Restrained Structures - Packaqe I

11.3.3.1.3 Stresses and Strains (Cont'd)

4 PRESSURES(Z,Y)= 0.0000

EP
,.0000 135
-.0000135
-.0000135
-. 000014 1
-. 0000 147
-.0000153 -

-. 0000160
-. 0000160
-.0000 160

EP

.0000024
-.0000 115
-.0000253
-.0000236
-.00002 18
-.0000200
-.0000183
-.0000044

.0000095

EPPI

0.0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

EPPI
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000

0.0000
EPCR

ý0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000

EPCR
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

AVE. TEMP= 327.00
EPSW

0. 0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

EPSW
0. 0000000
0.000d000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

FORCES 0ON MEMBER AT

EL= 8 NODES=
END 1. PT TEMP

1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00
8 327.00
9 327.*00

END J PT TEMP
1 327.00
2 -327.00
3 .327.00
4 .'327.00

5 '327.00
6 -,327.00
7 327.00
8 327.00
9 327.00

FORCES ON MEMBER AT

NODE 102 1.14800
15 -1.14801

15 105 MAT=
SI CX

'.65888E-01
- .314 12
-. 694 12
- .64574
-. 59736
- .54897
- .50059
-. 12058
.25943

SI CX
- .42276
- .42283
-. 42289
-. 41314
-. 40339
-.39363

- .38388
- .38381
-.38374

NODE 15 1

105 -1

-.500041E-01 .832016E-01

.253117E-03 -.978182E-02

4 PRESSURES(Z,Y)= 0.0000
EP EPPL

.0000024 0.0000000
-.0000115 0.0000000
-.0000253 0.0000000
-.0000236 0.0000000
-.0000218 0.0000000
-.0000200 0.0000000
-.0000183 0.0000000
-.0000044 0.0000000
-0000095 0.0000000

EP EPPI
-'.0000154 0.0000000
-.0000154 00000

-.0000154. -0.0000000
-.0000151. 00000
-.0000147 0.000
-.0000144 0.0000000
-.0000140 '0.0000000

,.0000140 0.0000000
-.0000140 0.0000000

- .367526E-04
- .499908E-01

.14801

.14800

0 .0000
EPCR

0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0. 0000000

.0.0000000
0. 0000000

EPCR
0.0000000
0.0000000
0. 0000000

*0. 0000000
0.0000000
0.0000000
0.0000000
0.0000000

.923639E-01 - .219073

.579293E-04 -.615453
S. 139869E-03
-.450919

AVE. TEMPm 327.00
EPSW

0.0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

EPSW
0.0000000
0. 0000000
:0.0000000
*0.0000000
0.0000000

,10.0000000
* 0.0000000
0.0000000
0.0000000

-969097E-02 - .252560E-03 .615454
.641383E-01 .931898E-01 - .124068

.450915
-.- 794080E-04

EL= 7
END I PT

.2
3
4

5
6
7
8
9

END J PT

2
3
4
5
6
7
8
9

MODES= 102

TEMP

327.00
327.00 -

327.00
327.00
327.00
327.00
327.00 -

327.00 -

327.00 -

TEMP

327.00
327.00
327.00"
327.00
327.00
327.00
327.00 -

327.00
327.00

15 MAT=
SI GX

*.36908
*.36896
.36885
.38607
.40329
.42051
.43774
.437B6
.43797

SIGX
.65894E-01
.3 14 12
.694 13
.64574
.59736
.54897
.50059
.12058
.25943

Restrained Structures - Package I



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

By •4s Date2(L.
Chkd. by_ 3J0 Date______ OFS No. NR Dept. No. NR

Client TVA

Project WBNP Unit.1 1

Subject Oualif. of Worst Cases of Thermally
-. ~1c~o~ I

11.3.3.1.3 Stresses and Strains (Cont'd)

EL= 28 NODES=
END I PT TEMP

1 327.00

2 327.00

3 327.00

4 327.00

5 327.00

6 327.00

7 327.00

8 327.00

9 327.00

END J PT TEMP

1 327.00

2 327.00

3 327.00

4 327.00

5 327.00

6 327.00

7 327.00

8 327.00

9 327.00"

FORCES ON MEMBER AT

28 2 MAT=

SIGX
-9.8922

-1. 9144

6.0633
5.8286
5.5938
5.3591
5. 1244

-2.8533
-10.831

;S IGX
-4.8238

-. 30763
4.2085
4.0169

3.8252
3.6336
3. 4420

-1. 0742
-5.5903

NMODE 28 -4

2 4

6 'PRESSURES(Z,Y)= 0.0000

EP

- .0003610 0.C

- .0000699 0.C

.0002213 D.C

.0002127 0.C

.0002042 0.(

.0001956, 0.C

.0001'870 D.C
-.0001041 D.C

-.0003953 0.C

EPE
-.0001760 D.C

-.0000112 D.C

.0001536 D.C

.0001466 D.C

.0001396 D.C

.0001326 D.C

.0001256 0.C

-.0000392 0.C

-.0002040 0.(

.32915 -1.6.4300

.32520 1.64301

EPPC.

30000000

30000000

30000000

30000000

30000000

30000000

30000000

30000000

30000000

EPPL

30000000

30000000

)000000

30000000

30000000

3000000

30000000

30000f0,0

)000000

10.0000

EPCR
0.0000000

0.0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

EPCR

0.0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0.0000000

AVE.'TEMP= 327.00

EPSCJ

..0.0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

EPSW

0. 0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0.0000000

0.0000000

.222196 -.694147E-01 -2.98575

-. 216357 .767642E-01 2.43756

EL= 4 NODES= 4 5 MAT=

END I PT TEMP SIGX

1 .327.00 -7.6?79

2 327.00 -2.5474

3 327.00 2.6032

4 327.00 2.3107

5 327.00 2.0182

6 327.00 1.7257

7 327.00 1.4332

8 .327.00 -3.7174

9 327.00 -8.8679

END J PT TEMP SIGX

1 .327.00 -10.811

2 327.00 -3.6858

3 327.00 3.4396

4 327.00 3.2317

5 '327.00 '3.0237

6 327.00 2.8158

7 '327.00 2.6078

8 327.00 -4.5177

9 327.00 -11.643

FORCES ON MEMBER AT NODE 4 1

3 PRESSURES(Z,Y)m 0.0000

EP

- .0002809

- .0000930

.0000950

.0000843

.0000737

.0000630

.0000523

-.0001357
ý.0003236

EP,

.0003946,

-.000 1345

.000 1255

.000 1179

-000 1104

.0001028

.0000952

-.0001649

-.0004249

. 73975
5 -1.74746

EPPI
0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

EPPI

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0.0000000

.468684

-.468678

0.0000
EPCR

-0.0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

EPCR

0.0000000

0.0000000

0. 0000000

0.0000000
.0. 0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

AVE. TEMP= 327.00

EPSW

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

EPSW

0.0000000

0.0000000

0.0000000
.0 .0000000

0.0000000

0.0000000

0:.0000000

0.0000000

0.0000000

.220781 .991794E-02 -3.72065

.209388 .442356E-02 2.64522
-6. 11164
8. 45505

-9.46635
5.35883 -

n 4- 1 A-+---qtures ý-.Packarye I



EBASCO SERVICES INCORPORATED

.BRANCH/PROJECT ID: WCG-1-969

B~ D ate Z/44 /0t

Chkd. by J O& .'Date__________ OFS No. NR

Sheet-.' of_____

-Dept. No. NR

.Client TVA

.Project- WBNP Unit 1

Subject Qualif. of.Worst Cases of Thermally Restrained Structures -Package I

11.3.3.1.4 Strain History at Node 46 (Element 45)

(Segment Points 1 and 3)

F`R9C - EVAL. FOR WORST CASES 1-27 & 2&3-9(C), DWG 48N968, EL. 783'-8 1/2

ANSYS POST26 VARIABLE LISTING

ESTR 45 215
.ARGIEE01

.318352E-06

.239213E-05

.152621E-03

.801221E-04

.743339E-05
-.654561E-04

.138539E-03

-.21 1804E-03

-.285239E-03

-358830E -03

-.432557E-03

-.506286E -03

-580224E -03

-.653596E-03

-.726399E-03
-796473E -03
-.846424E-03

-.894852E-03

-.871349E-03

-.790157E-03

-.694468E-03

-.606102E-03

-500020E -03

-.394110E-03

-. 325985E-03
-. 276695E-03

-.240156E-03

-218509E -03

ESTR 45 216

ARGlEP01

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000
0.00000
0.00000'

0.00000

0.00000

0.00000

0. 00000

0.00000

0.00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

ESTR 45 227

ARGIEE03

- .247614E-05

- .510512E-05

.131580E-03

.680262E-04

.447528E-05

- .590939E-04

- .122685E-03
.186303E -03

- .249951E-03

- .313636E-03
-.377363E-03

-.441139E-03
-. 504895E-03

- .567997E-03
-.'630536E-03

- .693752E-03
,.761994E-03

- .830435E-03
- .913477E-03
- .100777E-02

- .109806E-02

-.112815E-02

-.112003E-02

.109988E-02

*.-.103733E-02

- .959896E-03

-.909973E-03

-. 884242E-03

ITER

4'.0000
8.0000
12.000
15.000
18. 000
21.000
24.000
27.000
30.000
33.000
36.000
42. 000
49. 000
60.000
77.000
96.000
.116.00

136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
:70.0000
70.0000
80. 0000
90.0000
100. 000
110.000
120.000
130. 000
140. 000
150.000
160.000
170.000O
180.000
190.000
200.000
210. 000
220.000

230.000
240. 000
250.000
260.000
270.000
280.000
290. 000
300.000
310.000
320.000
327.000

ESTR 45 228

ARGlEPO3

-0. 00000

0. 00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000
0.00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

*0.00000

0. 00000

0. 00000



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1--969

-Chkd. by J 00, -Date EL11A1l~lz.. OFS No. NR Dept'. No. NR

-:Client ,TVA

Project -WBNP ,Unit 1

Subject' Qualif. of Worst Cases of Thermally Restrained Structures - ,Packaole I

11.3.3.1.4 Strain History at Node 46 (Element 45) (Cont'd)

(Segment Points 7 and 9)

ESTR 45 251
ARGIEE07
-.794660E-05
.3i0424E-06
.1404 12E-03
.768373E-04
.133228E-04

-.501095E-04
-.113458E-03
-.176720E-03
-.239894E-03
-.302979E-03

- .365974E-03
-.428764E-03

- .490894E-03
-.552678E-03
-.612190E-03
-.670498E-03
-732969E-03
-.795557E-03
-.870914E-03
-.955820E-03
-.103923E-02
-10612 1E-02
-104 106E-02

.10114BE-02
-.946434E-03

- .8"4829E-03
-.813160E-03
-.787023E-03

ESTR 45 252
ARGIEP07
0.00000
0.00000
0. 00000
0.00000
'0.00000
0.0000t0
0.00000
0. 00000
0.00000
0.00000
0.00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
ý0.00000,
0. 00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000

ESTR 45 263
ARGIEE09
-.515211E-05
.780767E-05
.161453E-03
.889332E-04
.162809E -04
-.564717E-04
-.129311E-03
-.202221E-03
-.275183E-03

- .348174E-03
- .421168E-03
-.493911E-03

- .566224E-03
- .638277E-03
- .708054E-03
- .773209E-03
- .817400E-03
- .859974E-03
- .828786E-03
- .738204E-03
- .635640E-03
-.539161E-03
-.421057E-03

- .305704E-03
- .235085E-03
.18162SE-03
.143343E-03
.121290E -03

ITER

4.0000
8.0000
12. 000

15.000
18; 000
21.000
24.000
27.000
30. 000
33.000
36.000
42.000
49.000
60.000
77.000
96.000
116.00
136.00
156.00
176.00

'196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
70 0000
70.0000
80.0000
90. 0000
,100.000o
110. 000
120. 000
130.000
140.000
150.000
160.000
170.000

190.000
200. 000
210. 000
220.000
230. 000
240. 000
250. 000
-260.000
*270.000
280.000
290.000
300. 000
3 10.000
320.000
327. 000

ESIR 45 264
,ARGlEPO9
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0.00003
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0. 00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
-0.00000
0. 00000
.0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0.03000
0.00000



Chkd. by J 00d

.Client- TVA-

.Project WBNP Unit

EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID. WCG-l,-969

I -
Date ?-2-1 ? 7/ 0FS No. NR

Sheet ? of 7,$0

-Dept. No. NR

1

Subject oualif. of Worst-Cases of*Thermally.Restrained Structures Package I

11.3.3.1.5 Strain History at Node 21 (Element 46)

(Segment Points 1 and 3)

PR9C - EVAL. FOR WORST CASES 1-27 & 293-9(c), DWG 48N968, EL. 783'-8 1/2

ANSYS POST26 VARIABLE LISTING

ESTR 1 53 ESTR .46 215

1 TEMP ARGlEE01

70.0000 .866323E-05

70.0000 .154236E-04

80.0000 .127651E-03

90.0000 .734070E-04

100.000 .196337E-04

110.000 -.336849E-04

120.000 -.864965E-04

130.000 '. 138743E-03

140.000 - .190358E-03

150.000 - .241269E-03

160.000 -.291392E-03

170.000 -.339864E-03

180. 000 -.387556E-03

190.000 -.433152E-03

200.000 - .476712E-03

ý210.000 - .516387E-03

220.000 -.536114E-03

230.000 -.55218.4E-03

240.000 - .500214E-03
250.000 -.391657E-03

260.000 - .264509E-03

270.000 - .124279E-03

280.000 .512043E-04

290.000 .239480E-03

"300.000 .397551E-03

310.000 ..502075E-03

320.000 -573023E-03'

327.000 .614091E-03

ESTR 46 216

ARGIEPOI

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000
0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0.00000

0. 00000

0. 00000

.0. 00000
0. 00000'

0. 00000

ESTR 46 227

-ARGlEE 03

- .574006E-05
.150152E-04

.133402E-03

.636471E-04
-.634445E-05

-.765987E-04

-. 147135E-03
-.217976E-03

-289145E-03

-360668E -03

-.432575E-03

-.505117E-03

-.578160E-03

..650934E-03
-.724112E-03

--.798881E03

-878737E-03

- .959520E-03

- .105381E-02

-.115915E-02

- .126167'E-02

.129758E-02

- .128545E-02

-. 127622E-02

.-123246E-02

- .117406E-02

-.113591E-02
-.111678E-02

ESTR 46 228

-ARG1EPO3

0. 00000

0.00000

-0.00000

0. 00000

0. 00000

0. 00000

0. 00000
0. 00000

0. 00000

0. 00000
0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

- .228334E-04

- .126863E-03

- .215034E-03
-274994E-03

-.274994E-03

- .274994E-03

- .274994E-03

I TER

4.0000
8. 0000
12.000
15.000
18.000
21.000

24.000
27. 000
30.000
33.000
36. 000
42.000
49.000
60.000
77. 000
96.,000
116.00
136.00
156.00
176.00
196.00
216.00
236.00

.256 .00
'276. 00
296.00
316.00
336.00



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1--969

By ~~Dae A
Chkd. by J QU Date &/-f!OPS No.-

Sheet ' of_____

NR Dept.. No. NR

.. ' Client

'.Project WBNP Unit I

Subject -Qualif. of Worst Cases of Thermally Restrained Structures- Package I

11.3.3.1.5 Strain History at Node 21 (Elemen t 46) (Cont'd)

(Segment Points 7 and 9)

ESTR 1 53 ESTR 46 251

1 TEMP ARG1FEEO7

70.0000 -.104'927E-04

70.0000 -. 153523E-05

80.0000 .152224E-03
.90.0000 .823654E-04

100.000 .123468E-04

110.000 -584E0

120.000 - .128102E-03

130.000 - .198559E-03
140.000 - .269191E-03

150.000 - .340018E-03

160.000 - .411058E-03

170.000-. - .482450E-03

180.000 - .553433E-03

190.000 - .624661E-03

200.000 - .693894E-03

210.000 -.762054E-03

220.000 - .834282E-03

230.000 - .907349E-03

I TER

4.0000
8. 0000
12.000
15.000
18. 000
21. 000
24.000
27. 000
30. 000
33.000
36.000

.42.000
49.000
60. 000
77. 000
96.000
116.00

156.00
176.00
196.*00

216.00
236.00
256.00
276.00
296.00
316.00
336.00.

-. 991745E-03
-.108523E-02

-.117875E-02

-. 121942E-02
- . 124923E-02
-. 126589E-02
-. 123021E-02

-. 116749E-02
-.112763E-02
.,.110818E-02

ESTR 46 252

ARGlEP07

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000
-.259908E-04

-.660775E-04

-.660775E-04

-.660775E-04

-.660775E-04.

ESTR 46 263

ARGIEE09

.391057E-05

.289036E-04

.146472E-03

.921252E-04

.383249E -04

S. 148909E-04
-.674629E-04

-.119325E-03

-.170404E-03

- .220618E-03

- .269875E-03

- .317197E-03
- .362830E*-03

- .406880E-03

-.446493E-03

- .479560E-03

- .491658E-03

- .438151E-03

-317735E-03

- .181592E-03

- .232854E-04

.21428.8E-03

.438857E-03

.608720E-03

.717566E-03

.790225E-03

240. 000
'250. 000
260.000
270.000
280.000
290. 000
300.000
3 10. 000

.320.000
327. 000

ESTR 46 264
ARGIEP09
0. 00000
0. 00000
0. 00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000

0. 00000
0. 00000
0. 00000

0. 00000

0. 00000
0. 00000
0. 00000

0. 00000
0. 00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000

n"t Y R



ýEBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1--969

By_________ Date

Chkd. by O) Date &/~//OFSNo. NR*

Sheet'±....of 2,;
.Dept. No. NR

..Client .:TVA

Project -.WBNPý.Unit, 1

Subject Qualif . -of-;Worst -Cases' of Thermally Restrained-Structures - Package I

11.3.3.1.6 Strain History at Node 51 (Element 19)

(Segment Points I and 3)

PR9C - EVAL. FOR WORST CASES 1-27 & 2&3-9(C), DWG 48M968, EL. 7831-8 1/2

ANSYS POST26 VARIABLE LISTING

ESTR 19 215
ARGlEE01

.178657E-04

.30441 2E -04

.1325 17E-03

.838984E-04

.363913E-04

-100302E-04

-.552745E-04

990E-04

-141817E-03

.18288 1E-03

-.222294E-03

-258494E- 03

-.292848E-03

-.323481.E-03

-.350337E -03
..372333E -03

-.376752E-03

-.375944E-03

-.318364E-03
-.21 2070E -03

-915893E -04

.207514E-03

.682939E-03

.115386E-02

.131915E-02

-132639E-02

.133 175E-02
'.1335 12E-02

ESTR 19 216
ARGIEP01

0.00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000

0. 00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0.00000
.958882E-03

ý.227471E-02

.324905E -02

.385981E-02

ESTR 19 227
ARGlEEO3

z883887E -05

- .266124E-04

.123628E-03

.520059E-04

- .200930E-04
-.926993E-04

- .165848E-03

- .239576E-03
-.313924E-03

-.388937E-03

- .464665E-03

- .541593E-03

- .619622E-03

- .69T765E-03

- .777503E-03

-859814E-03

- .946527E-03
.1034 70E-02

-.113274E-02
.123930E-02

-1314 16E-02

- .131693E-0

.-132056E-02

.132385E -02

--. 132804E-02

- .133229E-02

-.133566E -02

.1337'93E-02

E.STR 19 228

ARGl EP03

0.'00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0. 00000
0. 00000
0.00000

0. 00000
0. 00000
0.00000
0.00000
0.00000
0. 0000

' .532933E-04
100E -03

-.121513E-02

- .181416E-02

-;.257453E-02

'.334740E-02

- .395934E-02

-:.437147E-02

I TER

4.'0000
8. 0000
12.000
15.000
18.000
21.000
24.000

27.000
30.000
33.000
36.000
42.000
49.000
60.000

77.000
96.000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316. 00
336.00

ESTR 1 53
1 TEMP
70.0000
70.0000
80.0000
90.0000
100.000
110. 000
120. 000

130. 000
140*.000
150. 000
160.000
170.000

180.000
190.000

200.000
210.000
220. 000
230. 000
240. 000
250.000

270.000
280.000
290.000

-300.000
.310. 000
320. 000
.327.000

,'r5~



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

.By !ik-l . Date &41

Chkd. byj ( Date 6Aýf~1
.Client .TVA

Sheet E of_____

.OFS No. NR Dept._-No. NRl

ProectWBNP Unit 1

Subje~ct -Oual-if -of, Worst Cases of Thermallv Restrained Structures -Package I

11.3.3.1.6 Strain History at Node 51 (Element 19) (Cont'd)

(Segment Points 7 and 9)

ESTR 19 251

ARGlEEO7

-.13.528.4,E-04
- .359306E-05

.154472E-03

.826,478E-04

.104526E-04

- .620782E-04

- .134970E-03

- .208252E-03

- .281954E-03

-.356111E-03

- .430762E-03

- .506288E-03
-.581656E-03

- .657910E-03

- .732480E-03

- .805996E-03

- .882704E-03

-ý.960798E-03
- ' 104625E-02

-.113802E-02

* .'123338E-02

.131573E-02

- .131922E-02

- .132217E-02

- .132579E-02

.132998E-02

- .133333E-02

- .133559E-02

ESTR 19 252

ARGl EP07

0.00000

0. 00000

0. 00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0.00000

0. 00000

0.00000

0. 00000

0. 00000

10. 00000

0.00000

0. 00000
-.338381E-03

- .971454E-03

- .150722E-02

- .216562E-02
-.292693E-02

-.353482E-02
-.394675E-02

ESTR 19 263

ARGlEEO9

.131762E-04

.531.60SE-04

.163361E-03

.114540E-03

.669369E-04-

.205910E-04

-.243970E-04

- .679170E-04
-109848E-03

-15005SE-03

- .188391E-03

- .223189E-03
-.254B82E-03

- .283629E-03
-.305313E-03

- .318514E-03

- .312930E-03

-.302047E-03

- .23187'7E-03

- .110781E-03

.424902E -04

.425918E-03

.927960E-03

.13146SE-02

.132 140E-02

.132870E-02

.133409E -02

.133745E -02

I TER

4.0000
8.0000
12.000
15. 000
18.'000
21.000
24.000
27. 000
30.000
33.000
36. 000
42.000
49. 000
60.000
77.000
96.000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
70.0000
70.0000
80. 0000
90.0000
100; 000
110.000
120.000
130.000
140.000
150.000
160.000
170.000
180.000
190.000

200. 000
210. 000

220.000

240. 000
250.000
260.000
270.000
280.000
290.000
300.000
310. 000
320.000
327. 000

ESTR 19 264

ARGlEP09

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0.00000

0. 00000

'0. 00000

,0.00000

0. 00000

0. 00000

.1478 1SE-03

.1367'78E-02
.26951BE-02

.367356E-02

.428453E-02



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

DateeV

Chkd. by J C'&- Date___________-

Client TVA

'Sheet 06 of_____

OFS No. NR Dept. No. NR

'Proj~ect. WBNP Unit 1

Subject ' ua'lif. 'of ,Worst Cases of ,Thermnally Rest'rained -Structures -PaaeI

11.3.3.1.7 Strain History at Node 52 (Elemnent 51)
(Segment Points 1 and 3)

PR9C - EVAL. FOR WORST CASES 1-27 & 293-9(C), DUG 48N1968, EL. 783'-8 1/2

ANSYS POST26 VARIABLE LISTING.

ESTR 1 53 ýESTR '51 215,
1' 'TEMP ARG1EEO1

70.0000 .267728E-04

70.0000 .425815E-04

80.0000 .134384E-03

90.0000 .915551E-04

100.000 .500470E-04

110.000 .981145E-05

120.000 - .290616E-04
130.000 - .664734E-04
140.000 *. 102316E-03

150.000 -.136471E-03

160.000 - .168807E-03

170.000 .197620E-03
ý180.000 ý.224180E-03
190.000 - .246386E-03
200.000 - .26433?'E-03
210."000 -. 278052E-03
220.000 -. 279644E-03
230.000 -. 27639SE-03
240.000 - .235811E-03
250.000 - .162585E-03

260.000 - .855664E-04

270.000 .163016E-03

280.000 .535449E-03

'290.000 ..911271E-03
.300.000 .131389E-02

,310.000 .13171SE-02

320.000 -.131927E-02

327.'000 .. 132016E-02

ESTR 51 216
'ARGiEP0l

0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0. 00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0. 00000
0.,00000
.363571E-05

*-,596767E-03

.114362E-02

ESTR .51 227

- .112554E-04

- .367403E-04

.115371E-03

.418191E-04
-.323051E-04

.107034E -03
S. 182402E-03

- .258448E-03

- .335213E-03
-.412741E-03

- .491081E-03
- .570767E-03
-.651928E-03
-733258E-03
.816933E-03

- .903602E-03
- .992931E-03
- .108357E-02

- .11776SE-02
- .127492E-02

- .131454E-02

-. 131707E-02
.131969E-02

.-. 132128E-02
-131317E-02

.-.- 128070E-02

.126688E -02'
,-.126028E-02.

ESTR 51 228

ARGlEP03

0. 00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0.00000

0.00000

0. 00000

0.00000

.0.00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

- .121523E-03
-.581510E-03

.10574SE-02

- .148000E-02

-.187076E-02

- .208,435E-02
-.217793E-02

- .218345E-02

I TER

4.0000
8.0000
12.000
15.000
18. 000
21. 000
24.000
27. 000'
30.000
33.000
36. 000
42,000

60.000
77.000
96. 000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00
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Client- TVA

P~roj~ect .WBNP Unit 1

.Subjec~t -pualif. of.Worst Cases of Thermally Restrained-Structures - Package I

11.3.3.1.7 Strain History at Node 52 (Element 51) (Cont'd)

(Segment Points 7 and 9)

ESTR 51 251

ARGlEE07
.1674 13E-04

-.4a8893E-05

.157506E-03

.836698E-04

.940314E-05
-.652472E-04

-140306E-03

- .215799E-03
-.291757E-03

-.368212E-03

-.445197E-03

-.523147E-03

-.600962E-03

- .679963E-03
-.757153E-03

-.832767E-03

-.909643E-03

-.987778E-03

.106649E-02

-,.114594E-02
.123881E-02

.131557E-02

-131802E-02

.131959E-02

.127984E-02

.127573E-02

.126529E-02

:-125886E-02

ESTR 51 252

ARGIEP07

0.00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0.00000

0.00000

0. 00000
-.308690E-03

-.754734E-03

-.114907E-02

.143396E-02

.157322E-02

.165 584E-02

-.166117E-02

ESTR 51 263

ARGlEEO9

.212869E-04

.744329E-04

..1765 19E-03

.133406E-03

.917553E-04

.515980E-04

.130347E-04
-238247E-04

-.588604E-04

-.919412E-04

.122924E-03

-150000E-03

.1732 15E-03

.193090E-03

-.204557E-03

- .207217E-03
.196356E -03

- .180599E-03

.124651IE-03

-.335981E-04

.111 688E -03

.4373 38E-03

.839830E-03

.124389E-02

.131646E-02

.131998E-02

.1322 14E-02

.132303E -02

I TER

4.0000
8.0000
12.000
,15.000
18.000
21.000
24.000
27.000
30.000
33.000
36. 000
42.000

49.000
60.000
77. 000
96.000
116.00
136.00
156.00
.176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
70.0000
70.0000
80.0000

100.000
110.000
120.000

130. 000
140. 000

150.000
160.000
.170.000

180.000
190.000
200. 000
210. 000
220. 000
230.000 -

*240.000
250.000
260.000
270.000
280. 000
290.000

.300.000
3 10.000

*320.000
.327. 000

ESTR 51 264
ARGlEP09

0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
.471 194E-03

.11 1004E-02

.150179E-02

.166446E -02
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-Client TVA

-Project WBNP Unit 1

Sheet'? of 2-30
OFS No. NR Dept. No.. NR

- Subject pOualif. .of 'Worst..Cases of Thermally Restrained Structure - Package I

11.3.3.1.8 Strain History at Node 22 (Element 52)
(Segment Points 1 and 3)

PR9C - EVAL. FOR WORST CASES 1-27 & 293-9(C), DWG 48N968, EL. 7831-8 1/2"

ANSYS POST26 VARIABLE LISTING

ESTR 52 215

ARG 1EEO I

.353583E-04

.522916E-04

.133095hE-03

.971078E-04

.61 1874E-04

.261440E-0 4

- .798079E-05

-.411417E-04

-.732897E-04

.104372E-03

.134330E-03

.161926E-03

.187694E -03

-.209692E-03

-.228455E-03

-.245303E-03

-.257951E-03

-.268116E-03

-2654 33E-03
-.25130t4E-03

-235837E -03

-.237168E-03

.147972E-03

.313331E-05

:115221E-03

.198531E-03

.299342E-03,

ESTR 52 216

ARGl1EP0 1

0.00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0.00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000,

'0.00000.

ESTR 52 227 ESTR 52 228

* ARG1EEO3 ARGlEP03
.129496E-04 0.00000

-.454511E-04 0.00000

.108460F-03 0.00000

.329252E-04 0.00000

-.430830E-04 0.00000
-.119596E-03 0.00000

.196633E-03 0.00000

-.274215E-03 0.00000

- .352365E-03 0.00000
-.431105E-03 0.00000

-.510461E-03 0.00000

-.590807E-03 0.00000

- .672715E-03 0.00000

- .754435E-03 0.00000

-.838722E-03 0.00000
-.925817E-03 0.00000

-. 101295E-02 0.00000

- .110056E-02 0.00000

-.118335E-02 0.00000
- .126214E-02 0.00000
-.130587E-02 -.412738E-04

- .127185E-02 - .165822E-03

- .124962E-02 -.215093E-03

- .124502E-02 - .230078E-03

.119310E-02- -ý.240426E-03

- .112775E-02 - .240426E-03

ý-108744E-02 -.. 240426E-03

.-106628E-02. ý- 240426E;-03

.

I TER

4.0000
8. 0000
12.000
15.000
18. 000
21. 000
24.000
27. 000
30.000
33.000
36.000
42.000
49.000

60.000
T7.000

96.000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
70.0000
70.0000
80. 0000
90.0000
100.000
110.000
120.000
130. 000
140. 000
150. 000
160.000
170.000
180. 000
190.000
200.000
210. 000
220. 000
230. 000
240.000
250. 000
260. 000
270.000
280. 000
290. 000
300. 000
310.000
320. 000
327. 000



-EBASCO SERVICES INCORPORATED
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.Chkd. by_ -3 0 0 Date______ OF'S No. NR Dept.

Client -TVA-

*Project. .WBNP. Unit 1

Subject QOuali~f. of-'Worst-Cases of Thermally Restrained -Structureg Package I

11.3.3.1.8 Strain History at Node 22 (Element 52) (Cont'd)

(Segment Points 7 and 9)

ESTR 52 251
ARC lEE07
-.201437E-64
-.563791E-05
.161038E-03
.851330E-04
.8935 67E -05
-674924E -04
-.144159E-03
-.221071E-03
-.298238E-03
-375 669E -03
-.453373E-03
-.531621E-03
-.609477E-03
-.688394E-03
-.76487IE-03
-.838681E-03
-.910991E-03

.-.983761E-03

I TER

4.0000
8.0000
12. 000

.15.000
18.000
21.000
24.000
27. 000
30. 000
33.000
36. 000
42. 000
49.000
60.000
T7. 000
96.000
116.00
136.00

156.00

196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 52 252
ARC lEP07
0. 00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0.00000

ESTR 1 53
1 TEMP
70.0000
70.0000
80.0000
90.0000
100.000
110. 000
120. 000
130.000
140. 000
150. 000
160.000
.170.000
180.000
190.000
200. 000
2 10.000
220. 000

.230. 000

240. 000
,.250. 000

260.000
270.000
280.000
290. 000
300. 000
310. 000
320.000
327. 000

ESTR 52 263
ARGI1EE09
.281641E-04
.921048E-04
.186561E-03

.1 13206E-03

.782473E-04

.444932E-04
.120022E -04

- .191631E-04

-.489352E-04
-.772411E-04
-.102739E-03
.124456E-03
.14365 1E-03

.154605E -03
-. 158167E-03

S. 155996E-03

- .151321E-03

S. 130734E-03

;.961 134E-04
- .510573E-04
.237444E-04
.154725E-03
.330542E-03
.450143E-03
.538106E-03
.604462E-03
.640214E-03

No. NR

-.104865E-02
..110695E-02
-.116237E-02
-.1 17676E-02
-.1 16201E-02
.114769E-02
.109860E-02
.102860E-02
-.986B49E-03
-.965833E-03

0 .00000
0.00000
0. 00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0.00000

ESTR 52 264
ARGIEP09
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0. 00000

0.00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000

........... ....
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OFS No. NR Dept. -No.. NR

.) -,Client. TVA

ý- Project WBNP Unit 1

"Subject -ýoualif.*,of Worst Cases of lThermally Restrained- Structures .-.Package-I

11.3.3.1.9 Displacement History of Node 51

FR9C -EVAL. FOR WORST CASES 1-27 & 293-9CC), DUG 48N968, EL. 7831-8 1/2

ANSYS POST26 VARIABLE LISTING,

ESTR 1 53 DIsP 51 Ux DISP 51 UY
1 TEMP 51 UX 51 UY
70.0000 -'.205782E-02 '.513653E-02
'70.0000 - .419198E-02 .113306E-01
80.0000 .689674E-02 .28.8424E-02
90.0000 .433593E-02 .98T720E-02
100.000 .167650E-02 .171305E-01
110.000 -.108071E-02 .246417E-01
120.000 - .394257E-02 .324291E-01
130.000 - .691665E-02 .405127E-01
140.000 -.100113E-01 .489147E-01
150.000 - .132355E-01 .576594E-01
160.000 -. 165996E-01 .667737E-01
170.000 ..202389E-.01 .766311E-01
180.000 - .241026E-01 .871138E-01
190.000 - .282166E-01 .9830S7E-01
200.000 -:.327135E-01 ý.110669

210. 000
220.000
230. 000
240. 000
250. 000

ICý6.00

270.000
280. 000
290.000

-300. 000
-. 310.000
S3 20. 000

..327.000

- .37'7141E-01
- .442365E-01

-511398E-01
- .629417E-01
- .788481E-01
- .972529E-01
-. 135539
- .187848
-.239528
- .307284
-.37'7618
- .430055
.461480

.124409
.141794
.160179
.189661
.228478
.273655S
.371122
.504 164
.635453
.807290
.983632
-1. 11346
1..19036

oISP 51 UZ
51 UZ
:152621E-01
.4.68734.E-01
.454990E-01
.45829BE-01
.461762E-01
-.465407E -01
.469235E-01
.473 24 9E-01

* 4T7449E -01
.481837E-01
.486413E-01
.491644E-01
.496258E-01
.502043E-01
.506013E,-01

.507433E-01

.50911 lE-01

.510464E-01

.513081E-01

.515409E-01

.506501E-01

.495398E-01
.497467E-01
.472668E-01
.424716E-01
.387890E-01
.357558E-01
..338849E -01

OPER 28 SORT
SRSS
.162343E-01
.48.4053E-01
.461090E-01
.470822E-01
.492799E-01
.526728E-01

.571752E-01

.626799E-01

.690829E-01

.762981.E-01

.842630E-01

.93268BE-01

.103114

.113935

.126009

.139552

.157017

.175722

.206314

.247135

92
.5403 17
.680741
.864838
1.05434
1.12416
1 =.2T713

~/J Pho/

I TER

4.0000
8.0000
12.000
15.000
18. 000
21 .000
24.000
27. 000
30. 000
33.000
36. 000
42.000
49. 000
60.000
77. 000

96.000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00



EBASCO SERVICES INCORPORATED

BRANCH/PROJECt ID: WCG-1-969

By 4AA-

Chkd. by J. 00 OFS No. NR ' Dept. No. NR

t IVA

.Project WBNP Unit 1

Subject Qualif. of Worst Cases of Thermally Restrained Structures-- Package I

11.3.3.1.10 Strain History at Node 2 (Element 28)

(Segment Points 1 and 3)

PR9C - EVAL. FOR WORST CASES 1-27 & 2&3-9(C), DWG 48N968, EL. 783'-8 1/2

ANSYS POST26 VARIABLE LISTING

ESTR 28 215 ESTR 28 216

ARG1EEOI
.126358E-04
.282074E-04

.842797E-04

.71 1777E-04

.582223E-04

.454067E-b4

.327331E-04

.202034E-04

.781967E-05

- .441581E-05

- .165007E-04

- .280059E-04

- .389695E-04

- .487900E-04

- .576493E-04

- .663898E;-04

- .747512E-04

- .829416E-04
- .900031E-04

- .962415E-04

- .101878E-03

- .105902E-03

-. 112825E-03

-. 123040E-03

-. 132936E-03'
- . 143865E-03-

- .15517SE-03
.176050E-03

ARG1EP0l
0.00000
0. 00000
0. 00000
0.00000
0. 00000

0. 00000
0.00000
0.00000
0. 00000
0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0'.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0. 00000
0.00000

.0.00000

ESTR 28 227

ARGlEE03

.231501E-04
.262407E -04

.166335E -04

.197638E-04

.230422E-04

.264621E-04

.300249E-04

.337320E-04

.3758.49E-04

.415852E-04

.457346E-04

.505317E-04

.559947E-04

.627303E-04

.707554E-04
.790809E-04
.87'7232E-04
.965189E-04
.106098E-03
.11618.8E-03
.126503E-03
.136529E-03
.142326E-03
.144571E-03
..146379E-'03
.146863E-03

.147988E-03
.153595E-03

ITER

4.0000
8.0000
12.000

15.000
18.000

21.000
24.000
27. 000
30.000
33.000
36.000
42.000
49.000
60.000
77.000
96.000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 -TEMP

70.0000
70.0000
80. 0000
90.0000
100.000

110.000
120.000
130.000
140.000

150. 000
160.000
170.000
180.000
190.000

'200.000
210. 000
220. 000
230. 000
240.000
250.000
260.000
270.000
280. 000
290. 000
300.000
3 10.000

*320.000
327.000

ESTR 28 228

ARGlEP03

0. 00000

0.00000

0.00000

0.00000

0.00000

0.00000
0. 00000
0.00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000
0,. 00000
0. 00000
0. 00000
0. 00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
,0. 00000
0. 00000
0. 00000
0*.00000
0. 00000

Date k6edql
Date ?:/Idtl

. -..- Clien
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TVA

'Project . WBNP Unit 1.

Subject Qualif. of Worst Cases of Thermally Restrained Structures - Package I

11.3.3.1.10 Strain History at Node 2 (Element 28) (Cont'd)

(Segment Points 7 and 9)

ESTR 28 251

ARG1lEE 0?
.106445E -04

-.489001E-06

.408649E-05

.288165E-05
.194347E-05

.1268 17E-05

.860009E-06

.723384.E-06

.862830E-06

.128306E-05

.198900E -05

..376870E-05

.742664E-05

.126276E-04

.21-925BE-04

.337828E-04

.462950F -04

.589481E-04

.728097E-04.

.875194E-04

.102399E -03

.116896E-03

.124.434E-03

.125952E-03

.125872E-03

.123422E-03

.121724E-03

.125619E-03

ESTR 28 252

ARGlEP07

0. 00000

0.00000
0. 00000

0.00000
0. 00000

0. 00000
0.00000

0.00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0.00000

0.00000

0.00000

0. 00000

0.00000

.0. 00000

0. 00000

0. 00000
0.0000
0.00000
0. 00000
0.00000
0. 00000
0-.00000

ESTR 28 263

ARGlEE09

- .211588E-04
.147770E-05
.717326E-04
.'542956E-04
.371235E-04

.202128E-04

.356822E-05

- .128052E-04.

-.289024E-04

- .447179E-04

-.602464E-04

-747689E -04
- .875375E-04
- .988927E-04

- .106479E-03
-111688E-03

- .116179E-03

-;. 120512E-03

- .123292E-03

-.1249.IOE-03

.125982E -03

- .125535E-03

- .130717E-03

- . 141659E-03
- .153443E-03

- .167306E-03

- .181439E-03

,-204025E -03

. ) Clie~n

I TER

4.0000
8. 0000
12.000
15.'000
18.000
21.000
24.000

27. 000
30. 000
33.000
.36.000

49.000
60.000
77. 000
96.000
116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.600

ESTR 1 53
1 TEMP
70.0000
70.0000
;80.0000

--90.0000

100. 000
110.000
120.000

130.000
140.000

150.000
160.000
170.000
180.000
190.000
200. 000
210.000
220.000

230.000
240.000
250.000
260.000
270.000
280. 000
290.000
300.000
310.000
320. 000
327.000

ESTR 28 264

ARGlEP09

0. 00000
0.00000
0. 00000
0. 00000
0. 00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0. 00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000

0. 00000

0. 00000

0. 00000

0.00000

0. 00000

0.00000

0. 00000

0.00000

0.00000

0.00000

t TVA
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11.3.3. 1. 11 Strain History at Node 5 (Element 4)

(Segment Points 1 and 3)

PR9C - EVAL. FOR WORST CASES 1-27 & .2&3-9(C), DWG 48R968, EL. 783'-8 1/2

ANSYS POST26 VARIABLE LISTING

ESTR 1 53
I1 TEMP
70.0000
70.0000
80.0000
90.0000
100.000
110. 000
120.000
130. 000
140. 000

150. 000
160.000
170.000
180.000
190.000
200.000
ý210.000

220. 000

230.000
240.000
250.000
260.000
270.000
280.000
290.000
.300. 000
310. 000

-.320.000

* 327.000

ESTR -4 95

ARG1EEO1
-:. 153250E-04

.190337E-04

.810100E-04

.655804E-04

.501399E-04

.346912E-04

.192349E-04

.377136E-05

-.116987E-04
-.271746E-04

-426557E -04

- .583013E-04

- .743689E-04

-.906978E-04
- . 108182E-03

- .126415E-03

- .144501E-03

-.16254 1E-03
- .179638E-03
- .195920E-03

-. 211388E-03
- .221750E-03
---227826E-03
- .232711E-03
!-.235794E-03

- .237794E-03

-,.242681E-03

- .280946E-03

ESTR 4 96

ARGlEP01

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00000

0.00000
0. 00000
0.00000

0. 00000
0.00000
0. 00000

0. 00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000

:0.00000
0.00000
0.00000
0.00000

ESTR 4 107

'ARG1EE03

.253475E-04

.175954E-04

- .522927E-04

-.450494E-04

- .378224E-04

- .306093E-04

- .234106E-04

- .162269E-04

- .905907E-05

- .190769E-05

.522646E-05

.122903E-04

.191327E-04

,.259360E-04

.321893E-04

.380102E-04

.437083E-04

.494048E-04

.548064E5-04

.5994155E-04

.645806E-04

.675039E-04
..701418E-04

.732635E-04

.778664E-04

-810392F-04

ITER

4.0000

8. 0000
12. 000
15.000
18. 000

21. 000
24.000
27.000
30.000
33.000
36.000
42.000
49.000

60.000
77. 000
96.000
116.00

136.00
156.00
176.00
196.00
216.00
236.00
256.00

,276.00
.296.00

316.00
336.00

ESTR 4 108

ARGlEP03

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0. 00000
0. 00000
0.00000
0.00000
0. 00000
0. 00000

0. 00000
0. 00000
0.00000
0.00000
0. 00000
0. 00000

*0.00000
-- 0. 00000
0. 00000
-0. 00000
*0.00000
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11.3.3.1.11 Strain History at Node 5 (Element 4) (Cont'd)

(Segment Points 7 and 9)

ESTR 4 131
ARGI EE07

- 411777E -05
-. 112882E-04
- .735072E-04

- .687810E-04

* .64029BE-04

-.592565E-04

- .544609E-04

-.496428E-04.

- .448021E-04
- .399387E-04

- .350524E-04

- .3004.62E-04

-.247229E-04

- .192481E-04

S. 129641E-04

- .613761E-05

.675396E-06

.746666E-05

.140167E-04

.203696E-04

.266231E-04

.313399E-04

.339865E-04

.356888E-04

.369629E -04

.376049E-04

.-392181E-04

.52306.4E-04

ESTR 4 132 ESTR 4 143

ARGIEP07 ARGIEE09

0.00000 -.447902E-04

0.00000 - .984989E-05

0.00000 .597955E-04

0.00000 -.418488E-04

0.00000 .239325E-04

0.00000 .604400E-05

0.00000 - .118155E-04

0.00000 -.296445E-04

0.00000 - .474417E-04

0.00000 - .652056E-04

0.00000 - .829345E-04

0.00000 - .100638E-03

0.00000 -..118224E-03

0.00000 - .135882E-03

0.00000 - .153336E-03

0.00000 -A.70563E-03

0.00000 -. 187534E-03

0.00000 - .204479E-03

0.00000 -.220428E-03

0.00000 -.235491E-03

0.00000 -.249345E-03

0.00000 -.257914E-03

0.00000 - .263982E-03

0.00000 - .270296E-03

0.00000 - .274333E-03

0.00000 - .278056E-03

0.00000 -..284502E-03

0.00000 - .323647E-03

~,-1r2g-Yo T

ITER

4.0000
8. 0000
12.000

15.000
18.000
21.000
24.000
27. 000
30.000
33.000
36.000
42.000
49.000
60.000
77.000
96.000
116.00
136.00
156.00
176.'00

196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
70.0000
70.0000
80.0000
90.0000
100.000
110.000
120.000
130.000
140. 000
150.000

160.000
170.000
180.000
190.000
200.000

210.000

220. 000

230. 000
240. 000

.250. 000
260.000
270.000
280.000
290.000
300. 000
310.000
320. 000
327. 000

A L, 4-- Dne-l-mrva Tseg or inermallyn6stra ne
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11.3 .3.1.12 Displacement History of Node 2

PR9C - EVAL. FOR WORST CASES 1-27 & 2&3-9(C), DWG 48M968, EL. 783'-8 1/2

ANSYS POST26 VARIABLE LISTING

01SF 2 UX
2 UX

- .320371E-03
.141122E-04

- . 145581E-03

- .165966E-02

- .317372E-02
- .468777E-02
- .620179E-02
- .771578E-02
- .922971E-02
- .107436E-01
- .122574E-01

- .137721E-01

- .152885E-01

- .168069E-01

-. 183306E-01
- .198570E-01

- .213812E-01
*- .229051E-01

- .244184E-01
- .259226E-01

- .274157E-01
* .288510E-01
- .302474E-01
- .316378E-01
- .330055E-01
- .343650E-01

- .357559E-01
*- .367912E-01

01SF 2 UY
2 UY
.173329E-04
.676097E-04
.481808E-03
.808955E-03
.113711E -02
.146624E-02
.179636E-02
.2127S0E-02
.245966E-02
.27'9286E-02
.312712E-02
.346558E-02
.381021E-02
.416170E-02
.452622E-02
.489764E-02
.527155E-02
.;564618E -02
..602 622E -02
.64.1002E-02
.679529E-02
.718134E-02
.754114E-02
.787733E-02
.820941E-02
,.853263E-02
.885797E-02

01SF 2 UZ
2 UZ

- .106532E-02

- .984201E-03
- .573448E-03

-.691055E-03
- .805138E-03
- .915577E-03
- .102229E-02

- .112519E-02

- .122419E-02

- .13192CE-02

-. 141013E-02
-.148651E-02
-. 152872E-02
- .155679E-02

- .150677E-02

- .139829E-02
- .128022E-02

*- .116180E-02
- .1030258-02

- .888985E-03
- .752212E-03
- .620929E-03
- .563860E-03

- .574351E-03
- .623740E-03

- .700607E-03

-.774253E-03
- .818897E-03

OPER 28 SORT
SRSS
.111259E-02
.986622E-03
.763004E -03
.197140E-02
.346609E -02
.499633E-02
.653714E-02
.808242E-02
.962996E-02
.l141788E-01
- 1272848-01
.142790E-01
.158301E-01
.173843E-01
.189411E-01
-.204998E-01
.220587E-01
.236193E-01
.251721E-01
.267182E-01
.282553E-01
.297378E-01
.311784E -01
.326088E-01
.340169E-01
.354154E-01
.368449E-01
ý.3790598-01

1 TER

4.0000
8.0000
12.000
15.000
18. 000
21.000
24.000
27. 000
30.000
33.000
36. 000
42.000
49.000
60.000
77.000

116.00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
276.00
296.00
316.00
336.00

ESTR 1 53
1 TEMP
70.0000
'70. 0000
80. 0000
90.0000
100.000
110. 000
120. 000
130.000
140.000
150.000
160.000
170.000
180.000
190.000
200. 000
2 10.000
220. 000
-23M0.0
240. 000
250. 000
260.000
270. 000
280.000
290. 000
300.000

.. 310.000
320.000
327.000
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~11.3.3.1.13 Displacement History of Node 5

PR9C - EVAL. FOR WORST CASES 1-27 & 293-9(C), DUG 48N968, EL. 7831-8 1/2

ANSYS POST26 VARIABLE LISTING

ESTR 1 53
1 TEMP
70.0000'
70.0000
80.0000
90.0000
100. 000
110. 000
120.000
130. 000
140 .000
150.000
160.000
170.000
180.000
190. 000
'200. 000
210. 000
220.000
230.000
240. 000
250. 000
260. 000
270.000
280.000
290.000
300. 000
-310. 000
3-20.000
327.000

DISP 5 UX 01SF 5 UY 01SP 5 UZ OPER 28 SORT

5 UX
- :318847E-03

.385520E-05

.237514E-02

.329823E-02

.422135E-02

.514449E-02

.6067662-02

.6990882-02
..7914172- 02

.883752E-02

.976097E-02
.106836E -01
.116044E-01
.125232E-01

*. 134366E-01

.143472E-01

.152603E-01.1

.161739E -01

.1709942-01

.180351E-01

.189834E-01

.199968E-01

.210535E-01

.221166E-01

.232053E-01

.243031E-01,

.253655E-01

.261473E-01

5 UY
2:1124612-05-

.1732822-04

.198222E-03

.542256E-03

.886307E-03

.123038E-02
.157446E-02
.191856E-02

.226269E-02

.260682E-02

.295 098E -02

.329513E-02

.363926E -02

.398337E-02
,.432735E-02.

.467119E-02

.501502E-02

.535885E-02

.570290E-02

.604718E-02

.639164E-02

.673670E-02

.708173E-02

.742651E-02

.77'7145E -02

.8116362-02

.8460972E-02

.870177E-02

5 Uz
,- 541007E-03

- .532645E-03

- .390766E-03

-. 436933E-03
- .482309E-03
-.-526984E-03

-.- 570942E-03
- .614169E-03
- .656646E-03
- .698358E-03
- .739285E-03
- .776591E-03
- .803799E-03
- .8273852-03
.-.825681E-03

- .8057'74E-03
- .783746E-03
- .762051E-03
- .739105E-03

- .7147202-03

- .683626E-03

- .649580E-03

- .648060E-03

- .6727762-03

- .690642E-03

.. 722221E-03
-.7.50931E-03

- .767220E-03

SRSS
.627975E-03

.532941E-03

.241522E-02

.337095E-02

.434027E-02

.531576E-02

.629455E-02

.727534E-02

.825742E-02

.924040E-02

.102241E-01

.112071E-01

.121882E-01

.131675E-01

.141404E-01

.151099E-01
.160823E-01
.170556E-01

.180404E-01

.1903542-01

.200422E-0 1

.211110E-01

.222221E-01

.233399E-01

.244818E-01
..256327E-01
..267.500E-01
..275679E-01

I TER

,4.0000
8. 0000
12.000
15.000
18.000
21.000
24.000
27. 000
30.000
33.000
36. 000
42.000
49. 000
60.000
77.000
96.000
116. 00
136.00
156.00
176.00
196.00
216.00
236.00
256.00
ý276.00
296.00
316-.00
336.00
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11.3.3.2 Analysis Results for "PR9CM" (Analysis for the Modified Structure)

The ANSYS output for the analysis lrPR9CM" is stored in file "PR9CMR'. The analysis

results of the final load step (Load Step 16) are provided in this Section.

The deformed structure is plot~ted in Figure 11. 3.3.2. 1. Note that the displacements in

this plot are magnified.

Since the worst case 2&3-9(C) is already qualified and the differences between the results

of PR9C and PR9CM for the. worst case 2&3-9(C) are insignificant, only the results

related to the worst case 1-27 are presented.

The reaction -forces and the nodal. displacements are.provided in Sections 11. 3.3.2. 1 and

11.3.3.2.2. The maximum displacement for the axially restrained member occurs at

Node 52.

The stresses and strains for elements 19, 51, 52 and 20 are listed in Section. 11.3.3.2.3.

,'Theses'elements~tare~locatedarround node 52-where maximum displacements occurs. For

explanation of labels, -see Section 11. 3.3. 1. The stress and strain results indicate no yield

occurs in elements located arround node 52. Since there is no yield occurs in elements

arround node 52, strain and displacement history are not presented.
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Figure 11.3.3.2.1 Deformed Shape of the Model for Analysis PR9CM
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11.3.3.2.1 Reaction Forces

PR9CM - EVAL. FOR WORST CASES 1-27 & 293-9(c), DWG 48N968, EL. 783'-8 1/

SPOSTi REACTION FORCE LISTING

LOAD STEP 28 ITERATION= 20' SECTION= 1
TIME= 0.0000 LOAD CASE= 1

THE FOLLOWING X,Y,Z FORCES ARE IN NODAL COORDINATES

Structures - Packacie I

5.7494642 1.0539391

1.7586797 .29376733

.56925887

.17777728

.85151312

.69183167 -.-17641853E-01

.16273704

0.0000000 0.0000000

0.0000000 .. 000
-.25503964 0.0000000
-.47898371 . . 0.0000000

-.82053205 0.0000000

0.0000000 0.0000000

- .2883S107 0.0000000
-5.4361256 -1.1703425

MX

.32640895E-01

-1. 016905 1
-1.2579102

.11610257E-01

15.165983

7.0455i24

0. 0000000

*0.0000000

*0.0000000

3.4942703

0.0000000
0.0000000

TOAL - 990519 .92094354 1.9210084 23.475202

MY

-1.2435130
-. 35193110

.96430288E -02

0.0000000 -11.928565
0.0000000 -4.6363303
13.208701 4.8246538
.73947305 0.0000000
11.675166 11.513603
0.0000000 -3.0640068

3.1376952 3.2805424
0.0000000 0.0000000

27.175234 -.10102576E-01

FX

1.4087475

- .46901430
-4.7'788720

-7.5205966

.45629147

*0.0000000

*0.0000000

-0.'0000000

:0.0000000

.19417214
0.0000000
9. 7142126

10

11

12

101
,104
107
108
110
ill
112
132

...... ......

TOTAL -.99505919
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11.3.3.2.2 Displacements

PR9CM - EVAL. FORi WORST CASES 1-27 L 203-9(c), DWG 48N968, EL. 783'-8 1/

POSTi NODAL DISPLACEMENT LISTING

LOAD STEP 28 ITERATION= 20 SECT ION= 1

TIMEr 0.0000 LOAD CASE= 1

THE FOLLOWING X,Y,Z DISPLACEMENTS ARE IN NODAL COORDINATES

NODE

.2
3
4
5
6
7
8
9

12
13
14
15

-16

17

19
20
21
22
23
24
25
26
27
28
*29'

- .30000000E-01
*- 36020310E-01

-. .10419775 ý

.30000000E-01

.27004497E-01
-.40739911E-01
.31250000E-01

- .2005402 1
-.11001204
-.31250000E-01
- .48543034E-04

.31250000E -01
- .90863042E-01
-..27625622E-01
- .45954008E-02
--.59332081E-01
-.-72557262E-01
- .19774896E-01

*.31764313E-02
-.18487420

- .23863514
- .22332971
- .57650276E-01
- .61308748E-01
- .66938572E-01
- .20323043E-01
.-1428529BE-01

- .32192487E-01.
- .10521585

30 - .21567684
31--.2181071E-01

32 .2819
33 .67675907E-01
34 * .47696137E-01'
35 - .10052927
41 -.17662738
45 - .20623696
46 - .22465906
51 - .24716061
52 -. 2429937,4- -

UY
0. 0000000
.*;84409586E-02

.75870351E-01
0.0000000
.87009688E -02
.78061166E-01
.63759911E-04
.1 1974593E-03
.91069247E-01
.20513301E-03
-.31250000E -01
* 7208776BE -04
.50578620E-01
.52128710E-01
.10456144E-01
.49531904E-01
'.8554 1605E-01
.4.7626461E-01
ý.204199B1E-01
-.25447189E-01
.21449039
.30534081
-.41183048E -01
.59318518E-02
.66478708E-01
.52703656E-01
.17050612E-01

uz
0. 0000000

- .30678537E-02
- .25829178E-01
0. 0000000

S. 14793129E-02
- .18462022E-01

0.0000000
0. 0000000

- .22470889E-01
'0.0000000
0. 0000000
0.0000000

- .20727957E-01
- .11624549E-01
- .35908353E-02

*- . 16395609E-01
-.23250711E-01

-. 13188847E -0 1

.84767945E-02

.39257095E-01

.69006338BE-01
-.30747436E-01
- .40073752E-01

- .37'707629E-01
- .21838766E-01
.-.87978351E-02

-422I6820E-02- -. 17279044Er02
.78370355E-01 - .25918369E-01

.29523747
- 17777736E-01

.40562392

.10119472
""'50092156E- 01
.89053461E-01
-.67095434E-01

.63387266E -01

.14467193

.28172366

I .70106002E-01
.-..61572626E-02
.73644596E-03-

* -73290545E-02

`20731750E-01-
S- .12447371E-01
.42559136E-02
.18941640E-01
.29222743E-01
.50288548E-01I

.3143131.-- -. 60392389E-01

ROTX
- .54949215E-03
- .65597392E-03
-. 81870311E-04
- .25527219E-03
- .30992358E-03
-.45119357E-03
0. 0000000
0. 0000000
.33651750E-03
0.0000000

-. 12660400E-03
0. 0000000

- .56924994E-03
-.44269963E-03
- .14122412E-02

- .50382923E-03
-.29645844E-03

.'-30366186E-03
.61075016E-02
.24596468E-01
.51833426E-01
.15466540E-02

- .83803459E-03
- .63894768E-03
- .26171306E-02
.ý.22632530E-02,
- .60926603E703

ROTY
0.0000000

--21303923E-04

- .12497013E-03

0.0000000
- .46305603E-04
- .36010631E-03
- .23379059E-03

- .90766300E-04
.16671418E -02

ý-.67428044E-03

0. 0000000
- .15854152E-03

- .23541899E-03
- .27195468E-03
- .30997432E-04
-.25180181E-03
- .'1847'2032E-03

-.52080912E-03
- .48216550E-03

.19613538E-02

.91286523E-02
.19429273E -01
.17612469E -02

- .31689502E-03
- .71713990E-03
- .20280227E-02

- -.18746571E-02
- .21743604Eý03.

ROTZ
.45898515E-03
.17648799E-02
.70184635E-03
.17839587E-03
.10780986E-02

-.-1088163BE-02
- .14561915E-03

.14199793E-01
- .19951888E-01
- .54184213E-03
.1 1789629E-03

- .25312827E-03
.1 1362994E-02
.16874800E-02
.78674052E -05

- .64238292E-03
.19130075E -03

- .18998331E-02

- .19334039E-02

.13944192E-01
.94145740E-02

- .46286656E-02
S. 18965868E-01
.72158039E-02
.37342272E -02

- .40313646E-02
*.27280712E I02
.. 1246539.1E -02.

-. 18611565E-04 '- .13638785E-03 '--'.67237960E-03

..54501301E-01
-"'32793596E -03
*.60777424E-03
-..84876442E-03

.337596?-3E-03

.30740123E-02
.12199757E-01
.18354250E-01
.33331062E-01
.4.2368791E-01

.20414949E-01
- .22413071E-03
,-.14934895E-03

..:52119635E-03

.'16670884E -02

.94399345E-03

.43245435E-02

.67089406E-02

.12417654E-01
- 1583354SE-01

.-.26682337E-01

- .23108396E-01
'-.18966673E-01
-.-19952224E-01
.14136387E-01
.13062039E-01
.1 1549000E-01
.57315582E-02
.10430536E-02

.
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- .21964744
-.19695594
- .17315390
-.14419467
- .92482880E-01
- .74765159E-01
- .57010160E-01
'.'57591967E-01

-.66514610E-01

-.61978273E-01
- .51463509E-01
- .37023221E-01
-.11287263E -01

- .23425568E-02
.62645494E-02
-.94848465E-01

- .98344954E-01
-. 10143379
- .45237917E-01
-.11625540
- .49984273
0.0000000

- .36020310E-01
.0.0000000 ,
.27004497E-01
0. 0000000
0.0000000

-. 11001204

0. 0000000
0. 0000000
0. 0000000

~0. 0000000

.30070208

.26614908

.22267248

.16443217

.46T78163E-01
.18371839E-02

-44967263E-01
- .23984590E-01
.:29102761E-01
.50217249E-01
.81439260E-01
.81177079E-01
.70075991E -01
.42724982E-01
.32999053E-01
.24211144E-01

.56901087E-01

.63223976E-01

.69547121E-01

.1754.0867E-01

.76456990E-01
1.0288188
0.0000000
*.84409586E-02
0. 'o0000000
.87009688E -02
0. 0000000
0. 0000000
.91069247E-01
0.0000000
0. 0000000
0. 0000000

.69574136E-01

.47974711E-01

.25044172E-01

.14979031E-02
- .25429310E-01
..28191384E-01

-.33860143E-01
,-.37382543E-01.,

-3994:1976E-01'
- .39164706E-01
-.35854832E-01

- .32304122E-01
- .274.95642E-01

- .18672049E-01

- .15415299E-01

-. 12111160E-ý01
- .22763083E-01

- .24337035E-01

- .25381370E-01
.49459570E-01
.30896383E-01

- .35671093E-01
0. 0000000

.- .30678537E-02

--. 14793129E-02
0. 0000000
0.0000c,00
-.224708-89E-01

0. 0000000
0.0000000
0. 0000000
-0. 0000000

.53162630E-01

.40712562E-01

.27092068E-01

.13635284E-01

.70803696E -03
.1 1296169E-02
.18982079E -02

i..66455688E-03
-t.89822796E-03'
- .85256283E-03
- .16501863E-02

- .22381675E-02
- .25299729E-02

- .25963168E-02
- .25316934E-02
- .24222287E-02

-4745 1818E-03

- .36156324E-03
-23060620E-03

- .60932369E-03
.18719923E-04
-.54501530E-01

0.0000000*
- .65597392E-03
.0.0000000 .

- .30992358E-03
0. 0000000
0. 0000000
.336517S0E-03
0.0000000
0. 0000000
0.0000000

0..0000000

.19920204E-01
.15630111IE-01
.10912864E-01
.6259771 1E-02
.17321879E -02
.17740591E-02
.13245969E-02
-52328827E-03

.-.51366816E-03

- .65477723E-03
S- . 13078696E-02

-. 16953989E-02
.1924870BE-02

- .20365986E-02

- .20145060E-02
-.19611575E-02

- .29390107E-03
- .29515769E-03
- .23879955E-03
- .21744689E-03
- .13640630E-03

.204 14952E-01
0.:0000000

- .21303923E-04.

- .46305603E-04
0. 0000000
0. 0000000
.166714 18E-02

0.0000000
0. 0000000
0. 0000000

...0.0000000

-.54156609E-02
- .95254950E-02
- .12919478E-01

- .16396211E-01'
- .20823160E-01
- .20535491E-01
.21496054E-02
.59580036E-02
.6995 6878E -02
.58331908E-02
.59458390E -03

- .17685945E-02

- .33198714E-02
- .40619981E-02
- .38560810E-02
- .34118436E-02

.995 06305E -03

.87530156E-03
.77742493E-03
.12465317E-02
.6723671 1E-03

-. 62178987E-02,
0. 0000000
.17460609E -03

0. 0000000
- .16023451E-03

0. 0000000
0.0000000
.62073559E-03
0.0000000
0. 0000000
0. 0000000

"0.0000000

55
61
62
63
65
66
71

72,
~75
76
81
82
83
85
86
87
91
92
93
95
96
97

101
102
104

105
107
108
109
110
ill
112
132

I ý I Vr%

. 1\
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11.3.3.2.3 Stresses and Strains

Structures - Package I

42

EL= 19 NODES=

END I PT TEMP

1 327.00

2 327.00

3 327.00

4ý 327.00

5 327.00

6 327.00

7 327.00

8 327.00,

9 327.00

END J PT TEMP

1 327.00

2 327.00

3 327.00.

4 327.00

5 327.00

6 327.00

7 327.00

8 327.00

9 327.00

FORCES ON MEMBER AT

21 51 MAT=
S IGX

13.968
4.022 1
-5.9240

-5.5202
-5.1165
-4.7128

-4.309 1

5.6370
15'.583

SI GX
18.564
5.3862

-7.7912

-7.2791
-6.7670

-6.2548
-5.7427

7.46347

20.6 12
MODE 21

1 PRESSURES(Z,Y)= 0.0000

EP

.0005098

.000 1468
-.0002162

- .0002015

- .0001867

.0001720

- .0001573

.0002057

.0005687

EP

.0006775

.0001966

- .00028.44

- .0002657

- .0002470

- .0002283

-.0002096

.0002713

.0007523

.110649
51 -. 112841

EL= 51
END I *PT

2

3
4

5

6

7

8

9

END J PT

2

* 3

: 4

5

-6

7
8
9

FORCES ON

NODES=

TEMP
327.00

327.00
327.00
327.00
327.00
327.00
327.00
327.00
327.00

TEMP
,327.00
327.00

.327.00
*327.00
327.00
* 327.DO'
327.00
327.00
327.00

MEMBER AT

51 52 MAT=
SI GX

18. 462

5.3372
-7.7875
-7.26.41
-6. 7407
-6. 2173
-5.6939
.7.4308
.20.555

S IGX

. 22.983
6. 6817

-9.6194
-8.9912
-8.363 1

-- 7-Z.7349,
-7.1068

9. 1943
25.495

MODE 51

EPPI

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

.0.0000000''
EPPL

0. 0000000

0. 0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

ý.444987

.439391

1PRESSURES(Z.Y)= 0.0000

EP

.0006738

.000 1948

-.-0002842

- .0002651

- .0002460

- .0002269

- .0002078

.0007502
.EP

'.0008388'

* .0002439

-.0003281

- .0003052

.0002823

- .0002594

.0003356

.0009305

114684
52 -. 116852

EPPI
0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

-0.0000000

0.0000000

EPPL

0.0000000

*0.0000000

"0.*0.000000

0.0000000

0. 0000000

0. 0000000.

0. 0000000

.0.0000000

0.0000000

.437429

.43 1913

0.0000
EPCR

0.0000000

0.0000000

0.0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0:0000000

EPCR

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0.0000000

0.0000000

.163763
-. 154293

AVE. TEMP= 327.00
EPSU

0.0000000

0.0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

EPSIJ

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

-.962057
.973978

0.0000
EPCR

.0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

"0. 0000000
.EPCR

0.0000000

0:0000000

"0.0000000

-0. 0000000

0.0000000

0o-ooooooo
0. 0000000

0 .0000000

0. 0000000

.158453
-. 148931

5. 13534
-6.51430

.AVE. TEMP= 327.00
EPS'J

0.0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

..0.0000000

0.0000000

EPSIJ

0. 0000000

0.0000000

.0:0000000

:0.0000000
.. 0.0000000

-.10.,0000000

"0.0000000

0.-0000000

0.0000000

- .996065

1.00805
6. 65749

- 7.99017

11.8020
-15.6363

15.5738
- 19.31,29
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11.3.3.2.3 Stresses 'arnd Strains (Cont'd)

EL= 52
END I PT

2

3
4

5

6

7

8

9

NODES=
T EMP

327. 00
327.00
327.00
327.00
327.00
327.00
327.00
327.00
327.00

END J PT TEMP

1 327.00

2 327.00

3 327.00

4 327.00

5 327.00

6 327.00

7 327.00
.8 327.00

9 327.00

FORCES ON MEMBER Al

52 22 MAT=
SI GX

22.853
6.6189

-9.6 148
-8 .9722
-8.3295
-7.6868
-7.0442

9. 1896
25.423

SIGX
27. 298
7. 9435

-11.411
-10.667
-9. 9236
-9.1798
-8. 4359
10.919
30.274

rMODE 52

22 -

IPRESSURES(Z,Y)= 0.0000

EP EPPI

.0008340 0.0000000

.0002416 0.0000000

-.0003509 0.0000000

-.0003275 0.0000000

-.0003040 0.0000000

-.0002805- 0.0000000

-.0002571 0.0000000

.00.03354 0.0000000

.0009279 0.0000000

EP .EPPL
.0009963 0.0000000

.0002899 0.0000000

.0004165 0.0000000

-.0003893 0.0000000

-.0003622 0.0000000

-.0003350 0.0000000

-.0003079 0.0000000

-.0003985 0.0000000

.001 1049 0.0000000

.119094
121234

.429807

.424375

0.0000
EPCR

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

.0. 0000000

EPCR

0. 0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

0. 0000000

.153188
-. 1436 11

AVE. TEMPm 327 0

EPSW

0. 0000000

0. 0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

EPSW

0. 0000000

0. 0000000

0.0000000

0. 0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

-1. 04404
1.05610

8.1747:-
-9.46 152

22 55 MAT=

SI GX

27. 235

7. 9132

-11.409

-10.659

-9. 9085

-9.1584

-8. 4083
10. 914
30.235
. S1GX

27. 791
8. 0790

-11.633
-10.870

- 10. 108
-9. 345 1
-8. 5825
11 .129
30.841

MODE 22

55

1 -PRESSURES(Z,Y)= 0.0000

EP
..0009940

.0002888

-.0004164

-.0003890

-.0003616

-.0003342

- .0000e~

.00039E

.001101
EP

.001014
.000294

- .000424

-. 0003W

- .00036E

-. 00034 1
-. 000313
.00040e

.001125
.126111

-. 126373

EPPI
0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

0 0.0000000

13 . 0.0000000

;5 0.0000000

EPPI

13 0.0000000

ý9 0.,0000000

.6 ".0.0000000

i7 -0.0000000

19 -0.0000000

1.I 000

;2 .0.0000000

12 0.0000000

16 0.0000000

-.422357

.421672 -

0.0000 1AVE. TEMP= 327 ý0

EPCR
0.0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0.0000000

0. 0000000

*0.0000000

..0.0000000

EPCR

0.0000000

0.0000000oo

*0.0000000

0. 0000000

0. 0000000

-0.0000000

0. 0000000

0.0000000

0. 0000000

145348 -1.16197

.144135 1.16350

EPSW
0. 0000000

0. 0000000

0.0000000

0.0000000

0. 0000000

0. 0000000

0. 0000000

0.0000000

0.0000000

0.0000000

0.0000000

0. 0000000

,0.0000000

-0:0000000

0. 0000000

0. 0000000

0. 0000000

19. 2630
-22.9663

*EL= '20

END I PT

2

3
4

5

6

7

8.

9

END J PT

2

3

4

5

6

7
8

9

FORCES ON

NODES=

TEMP
327.00
327.00
327.00
327.00
327.00
327.00

327.00
327.00
327.00

TEMP
'327.00
327.00
*327.00
327.00
327.00
327.00
327.00
327.00
327.00

MEMBER AT 9.5412C
-9.69987

22. 9273
-23.3899
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11.3.4 Member Qualification

11.3.4.1 Member Qualification for Worst Case 1-27

The member for worst case 1-27 is first evaluted using the results of the analysis "PR9C"

for the original structure. The ,member is not qualified and requires modification. The

member is then evaluated using the results of the analysis "PR9CM" for the modified

structure.
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11.3.4.2 Member Q ualification for Worst Case 2&3-9(C)

The members of the worst case 2&3-9(C) are evaluated using the results of the analysis

"PR9C" for the original structure (Section 11.3.3.1).

Since the location of worst .case 2&3-9(C) is far away from the region which

modification is made for worst case 1-27, the members of worst case 2&3-9(C) are not

re-ealuaed u-,the. results ýfrom: the.lanalysis TR9,CM"., for the modified structure.
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11.3.5 Connection and. Anchorage Qualification for Worst Case 1-27

11.3.5.1 Connection Qualification for Worst Case 1-27

Weld -connections at nodes 8 and 10 of ANSYS model are evaluated using the results of

the analysis "PR9CM" for the modified structure (Section 11.3.3.2).
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11.3.5.2 Anchorage Qualification for Worst Case 1-27

Concrete anchorages at node 8 and 10 of ANSYS model are evaluated using the the

results of the analysis "PR9CM" for the modified structure (Section 11.3.3.2).
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Table 11.3.5.2.1 IBASEPLATE UI Input and Output for Anchorage at Nodes 8

1 3 B8PR9C-NOOE 8; EMS PLATE; 48N968.

2 OUT ,,,-1,100/
3 CON .... 3000,1.7,1.7/
4 PLA 10,10,,8,8,.5,29/
5 APR 6,2,l,5.75,2.09,.366,.21/
6 BPR ,l1,2.46E5,l.OE6,4750,4318/
7 SOL 3,3,1,1.5,1.5/
8 BOL 8,3,1,6.5,1.5/
9 SOL 3,8,1,1.5,6.5/

10 BOL 8,8,1,6.5,6.5/
11 END /
12 AFT 5,4,,3.75,2.25/
13 JST 5,4,7,2.09,0/

14 1ST 5,4,10,5.75,90/
15 ENDI
16 END/
17 POI 5,4,,.5,3.5/
18 'LOA ,1,479,-178,0,-739,0,1017/

__19 END/

20 END OF JOB
21

* B8PR9C-NCOE 8; EMS PLATE; 48N968.

I J
.LINE LINE NODE X-SHEAR Y-SHEAR SRSS -Z-TENSION

3 3 23 125. -49. 134. 60.

8 3 73 130. -41. 136. 51.

3 8 28 113. -52. 125. 14.

__8 8 78 ill. -37. 117. 0.
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T fle 11.3.5.2.2 BASEPLATE 11 Input and Output for Anchorage at Nodes 10

1 3 BIOPR9C-NOOE 10; SURF MOUNT PLATE; 48N968.

2 OU T *,,-1,100/
3 coN .... 3000,1.7,1.7/
4 PLA 11,11,,9,10,.75,29/
5 APR 7,2,1,6.63,2.09,.366,.21/
6 BPR , 1,.4E6, l.fE6,1550,1400/
7 901 3,9,1,1.5,8.5/
8 BOL 9,9,1,7.5,8.5/

9 IWE 1,1,4/
10 JWE 1,1,11/
11 IWE 11,1,4/
12 END /

13 ATT 4,4,,2.29,3.37/

16 JST 4,4,6,2.09,0/

15 1ST 6,4,11,6.63,90/
16 END/

17 ENDI

18 POI 4.,4,,1.58,3.5/
19 LOA ,l1,-821,-852,0,11675,-11514,1258/

20 END /

21 END OF JOB

BO0L T LO0AD S

LINE LINE NODE X-SHEAR -Y-SHEAR SRSS Z-TENSION
--------------------------------------------------------------------

3 9 31 -64. -28. 70. 636.
9 9 97 -65. 10. 66. 1148.
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CONAN OUJTPUJT REPORT
FOR C10PR9C-NODE 10; CONAN FOR EMB. PLATE; 48N968.
LOAD CASE NO. 1

MAX ALLOW ALLOWABLE APPLIED
BOLT TEN LOAD LOAD LOAD

ALLOW/APPLIED

LOAD

2.44

1.19

1.00

PULLOUT

AREA

26.55

20.72

26.55
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Table 11.3.5.2.3 CONAN Input and Output for Anchorage at Nodes 10

C1OPR9C-NODE 10; CONAN FOR EMB. PLATE; 48N968.
BPROP

BOA TA

7l.5,8.5,1,0.636, U
1 .5.,8.5,1,1.148, U

2. 25,9.5,1, ,u
E PD ATA
12.25,3.5, -11.38,3.5 11.38,12.5,1.5
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11.3.6 Connection and Anchorage Qualification for Worst Case 2&3-9(C)

11.3.6.1 Connection Qualification for Worst Case 2&3-9(C)

Weld connections at nodes 1, 4, 2 and 5 of ANSYS Model are evaluated using the results

of the analysis "PR9C " for the original structure (Section 11. 3.3. 1).

Since the weld connecitons at. nodes 1, 4, 2 and 5 are far away from the region which

modification is -made for worst case 1-27;- these connections are not re-evaluated using

the results from the analysis "IPR9CMI for the modified structure.
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11.3.6.2 Anchorage'Qualification for Worst Case 2&3-9(C)

Concrete anchorages at nodes 1 and 4 of ANSYS model are-evaluated using the results

of the anslysis "PR9C" for the original structure (Section 11.3.3.1).

Since nodes 1 and 4 are far away from the region which modification is made for worst

case 1-27, the anchorage at nodes.1 and 4 are not re-evaluated using the results from the

analysis "PR9CM" for the modified structure.
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Table 11.3.6.2.1 BASEPLATE 11 Input and Output for Anchorage at Nodes 1 and 4

1 3 BlPR9C-NOOES 11,4 ; SURF MOUNT PLATE; 48N968.

2 OUT .,,-1,100/

3 CON .... 3000,1.7,1.7/ 9

4 PLA 11,12,,11,11,1.0,29/

5 APR 7,2,1,7.0,2.09,.366,.21/
6 BPR ,l1,.4E6,1.0E6,3000,

330 0/

7 901 3,3,1,2,2/

8 901 10,3,1,9,2/.

9 801 3,10,1,2,9/

10 901 10,10,1,9,9/
11 END /
12 ATT 5,3,,3.41,2.00/
13 JST 5,3,7,2.09,0/

14 1ST 7,3,10,7.0,90/

15 .1ST 7,10,5,2.09,180/

16 END

17 ENDI
18 P0! 5,3,1-1.55,3.5/

19 LOA , 1, ,1650,255,4348,4147,13514,246/

20 LOA ,,2,-470,-221,0,3721,6112,266/

21 END /

22 END OF JOB
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Table 11.3.6.2.2 CONAN Input and Output for Anchorage at Nodes 4

CI.PR9C-NODE 4; CONAN FOR bIB. PLATE; 48N968.

BPROP
1, SO,0. 75 ..
BOAT A
0,0,1,,U
5.375,0,1,.309,U
0,7, 1,,
5.37'5,7,1,.566,U

CONAN OUTPUT REPORT
FOR C4PR9C-NOOE 4; COWAN

LOAD CASE NO. 1

MAX ALLOW
BOLT TEN LOAD

3.00
3.00
3.00
3.00

FOR EMB. PLATE; 4811968.

ALLOWABLE
LOAD

3.00
2.51
3.00
2.51

APPLI ED ALLOW/APPLIED
LOAD LOAD

3.00
.31

3.00
.57

1.00
8.13
1.00
4.44.

PULLOUT
AREA

49.08
38.23
49.08
38 .23

Sheet-) 3 of 213 0
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11.3.7 Modification

A modification is required for the worst case 1-27 (member with Axially. Restraint) per

Section 11.3.4.1. The existing 4esign of the member is not accepted because the

ductility ratio of the member is greater than allowable (3). A slotted hole connection will

be implemented at node 8 to release the axial load due the accident thermal condition per

DCN M-16250-A. A second analysis "PR9CM" (See Section 11.3.2.2 for Input listing)

is performed using the Response Spectrum Set B+C. The results of this analysis is

,shown, in,.Section. 11. 3.3.2. Member, ~connections and Anchorage are reevaluated and

qualified as shown in Sections 11.3.4 and 11.3.5.

In addition, two new STRUDL runs are performed in Calculation WCG-2-50, Vol. 6,

Ri, (Evaluation of Pressurizer Enclosure Platform @ EL. 783'-8 1/2") to investigate the

effect of this modification. ,The impact of the modification is assessed mainly by

comparing results of the analyses that are performed before and after the slotted hole

connections incorporated into the computer model. Comparisons are performed for the

following:

-Natural. frequencies of the platform
*Member stress interaction ratios

*Maximum torsional moments on the members

*Forces and moments used in steel to steel connection checks

*Forces and moments used in surface mounted plate checks

.-The results-of the comparison indicate that.-the differences. :due: to the modification.-is

negligible. For details, see WCG-2-50'Ri.

.The'design of the slotted connection is presented as follows:
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11.4 Qualification of Worst Case 1-11

,11.4.1 Mathematical Model (AXil)

The ANSYS model AX11 is shown in Figure 11.4.1.1. This *model contains two

members (C8xl 1.5) with Axial Restraint. These two members are modeled with ANSYS
STIF24 elements (3-D thin-wall plastic beam elements) and the interconnecting members

are modeled with ST~IF4 beam elements. STIF21 mass elements are used to simulate the,

weight of conduits at nodes 303 and 309 which are located under nodes 3 and 9 and

connected to nodes 3 and 9 with rigid links. Temperature dependent material properties,
as described in Section 11.2, are used.

Boundgar Condition

All support nodes (nodes 1, 4, 7 and 10) are modeled as pinned connections. A (1/32")

displacement is. specified at nodes 4. and 10 in the +X direction and at nodes 1 and 7 in
the -X direction at the third load step when temperature is 150'F. This is equivalent to

specify. Gap elements to allow ' the 1/32" free- movement. -A-study run is .performed by
using gap elements (STIF4O) at nodes 4 and 10 with gaps equal to 1/16" (1/32" * 2).
The final results of the analysis using gap elements are identical to the results of the
analysis using imposed displacements. The input file and the results (reactions and
displacements at final load step) are provided in Attachment C.

Loadiny- Condition

'Equivalent densities. are calculated .for~each-,member to consider the.dead loads -(including
self-weight and grating) and the sustained lived loads. The., 1 -1/2 " grating weight. is

considered 12. psf and sustained live loads, 10 psf, based on W-B-DC-20-21, Section09 3.1. 1. The grating and sustained live loads for members between nodes 1 and 4, and

.............. .................
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nodes 7 and 10 are calculated as follows:

For the member between nodes 1 and 4:

Grating load per inch, W:

(67/2 +4912)*12/144 = 4.833333#1
Equivalent density: W/A =~ W/3.38 = 1.429980 lbslin**3

A =Sectional area of C8X11.5 = 3.38 IN**2

Sustained live load per inch, W:

(67/2 +49/2) *10/144 = 4.027777#1
Equivalent density: W/A = W/3.38 = 1. 191650 lbs/in**3

Total density = 0.283 + 1.43 + 1.192 = 2.905 lbs/in**3

For the member between nodes 7 and 10:

-Grating- load:--per --inch, W:

(28/2+49/2)*12/144 = 3.208333#1
Equivalent density: W/A = W/3.38 =0.949211 lbs/in**3

A = Sectional area of C8X11.5 = 3.38 IN**2

.'Sustained -live. load per, inch, W:

(28/2+49/2)*10/144 = 2.673611#1

Equivalent, density: WIA = W/3.38 = ..0.791009 lbs/in**3

Total~density .=. 0.283 +.+0.9491+ 0.791,=. 2.023 #s/in**3

Sheet_/4r'1. of 2-3 0
NR Dept. No. NR

ýd Structures - Package I
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Walkdown information documented in Calculation WCG-1-830 is used to calculate

attachment loads. There is no handrail attached to this portion of platform. A'conduit

is located at x=58.5" from node 1 under the channel. The effective conduit span is

7'-7.25" supported by the channel. From WYB-DC-40-3 1. 10 Table 3.3- 1:

Conduit weight = 2.72 #'for 1 1/2" steel conduit.

Total weight = 2.72*7.604 =.20.68 #s = 0.0207 kips

-For the, channel between nodes 7 and 10, one (1) 2 " and two .(2) 1.5" conduits, located

at x=56" from node 7, are attached to the bottom of the channel. The conduit

contributory span is 23.75". From WB-DC-40-31.10 Table 3.3-1:

Conduit weight = 2.72 #/' for 1 1/2" steel conduit.

Conduit weight = 3.65 #/' for 2" steel conduit.

Total weight = (2.72 + 2*3.65) * (23.75/12) = 19.83 #s =0.0198 kips

The conduits -are simulated with ANSYS STIF21 mass elements (elements 303 and 309,,.

located at 5" below nodes 3 and 9) in the ANSYS model.

A pipe support is welded to the channel between node 1 and 4. The pipe reaction forces

are obtained from QIR CEB-WBN-89-103 R1. The forces and moments are tabulated

in the following table and applied at nodes 3 and 23.

ANSY SNode [ FX IFY [_FZ IMX IMY I'MZ
.307-.003

-.06-5.749-.003
.4. 4 + 4 4 41---.--

(Units: Kips, Inches)

.307

-5.749 -.06
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SSE loads are considered using the equivalent static approach byý applying the peak G of

the ARS (4 % and 7 % damping) with MMF = 1.5 for member (per WB-DC-20-2 1) and

MMF = 1.2 for. conduit supports (per WCG- 1-684). -The peak G-loads are.:obtained -from

QIR-CEB-WBN-89-361 (Ref. 9.7) and presented in the following table:

Direction NS EW Vertical

Peak G .1-.40 1.65 0.38

In the ANSYS model, 0.38G is used in the global Z (vertical) direction. 1.65G is

conservatively used as the accelerations in both X and Y direction. Since the YZ-SSE

(combination of SSE in Y and Z directions) is more critical than the XZ-SSE
- (combination of SSE in-X and Z direction), the YZ-SSE is used to combine with other

applicable loadings (DL, SLL and Thermal loads). However, the XZ-SSE is also applied

as first load step (superseded by the second load step) in the analysis and is for reference

-only. The thermal- loadis applied by specifying. incremental temperature steps from 700

up to, the accident. temperature 2100 with an increment of 100 per load step.

The ANSYS input file is presented in Section 11.4.2.
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11.4.2 ANSYS Input

~~ ~ANSYS INPUT DATA LISTING CFILEIB) ''

1 /PREP7
2 /TITLE, AX11 - EVAL. FOR AXIAL CASE 1-11, DWG. 4801210-16, EL. 7131-0O"
3 /CON
4 /CON BRANCH/PROJECT ID = WCG-1-969
5 /CON
6 I CON PREPARED BY SAL 8/9/91,
7 ICON CHECKED BY 1. OU 8/12/91
8 ICoN
9 /CON INPUT =AX11

10 ICON OUTPUT = AX11R
11 /CON FILE12 = AX11F
12 /CON PLOT = AX11P
13 /CON
14 C4*' ANSYS ANALYSIS OPTIONS AND REFERENCES
15 KAN,0
16 KAY,6,1
17 KNL,l
18 TREF,70
19 Cw" ELEMENT TYPE AND MATERIAL PROPERTIES
20 ETA,14,p,f,l,
21 ET,2t24,,,,,,1
22 ET,3,21 *3D MASS ELEMENT
23 Ct m

24 EX,1,29000
25 RP4,1
26 ALPX,1,6.5E-6
27 RP4,1

*28 DENS,1rO.283E-3
29 DENS,2,2.905E-3 * INCLUDE DL.SLL
30 DENS,3,2.002E-3 * INCLUDE DL+SLL
31 OENS,4,O * RIGID LINK
32 Cý
33 MPTEMP,1,70,100,200,300,400
34 RP4,1
35 MPDATA,EX,1.,1,29.0E3,28.9E3,28.3E3,27.9E3,27.4E3
36 RP4_,1
37 'MPOATA',ALPX,1;1',6-.50E-6,6.50E-6,6.50E-6,6.67E-6,6.'86E-6-.*.ALPX=6*.29 MU FOR -10OF
38 RP4,,l
39 Cw" NONLINEAR MATERIAL'CONSTANT
40 *CREAT,MNL
41 NL,ARG1,13,1O
42 NLARG1,19,70,10O,200,300,4O0
43 NL,ARG1,Z5,36,36.O,36.O,36.0,36.0
44 NL,ARG1,31,150,150,150,150,150
45 *EN

46 -USE,MNL,2
47 -USE,MNL,3
48 C*** MEMBER CROSS SECTIONAL PROPERTIES
49 R,1,3.38,1.32,32.6,8.00,2.26, *CSX11.5
50 RMORE,,O.131
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11.4.2 ANSYS Input (Cont'd)

Cw' NONLINEAR CROSS SECTIONAL PROPERTIES
C*** CHANNEL CSX11.5
CF=2.260
TCF=O.39O
M=8.00
TCW-0.22O
XBR=(O.571 ).O.07695
C...
XO=(TCW/2)-(XBR)
CC=-CF- (TCW/2)
DD=C(D-TCF)I2.
QC=CCI2
QD=oD/2
CCZCC+XO

*STAT
Cvm

R,2,CC,DD,O,QC,DD,TCF
RMORE,XO,DD,TCF,XO,OD,TCW
RMORE,XO,0,TCW,XO,-OD,TCW
RWORE,XO,-DD,TCWl,QC,-DD,TCF
RNORE,CC, -DD,TCF

R4-( .0198*1.2)/i .5
R,3,R3,R3,R3
R,4,R4,R4,R4
R ,5100, 1000, 1000
C...

*STIF24 REAL PROP. -CSX11.5

CONDUIT
CONDUIT
RIGID LINK

C** NODES AND COORDINATES
X1r=22 SX2=-59 SY1=23 SY2-49

N,101,-1,0
N,2,X1,O
N,20,X1 ,0,5
N, 102,X1 ,0
N .3,xZ, 0
N, 103 ,X2, 0
N,303,X2,0,-5
N, 4,93,0
N, 104,94,0
N,5,Xl,Yl
N, 105,Xl ,r1
N,6,X2,Yl
N, 106,XZ,Yl
N,7,0,Y2
N, 107, .1, r2
N,8,X1 ,Y2
N,80,X1,Y2,5
N,108 ,X , Y2
N,9,X2,Y2



* ERAS CO'SERVICES'INCORPORA=E

BRANCH/PROJECT ID: WCG-1-969

By _ 4 t Date_____

Chkd. by ~)O) Date ~/4o/OFS No.-

,Client TVA

_Pr~oje~ct WBNPUnit I

'Subject .Oualif:.'-.of-Worst Cases of Thermally Restraing

Sheet /147 of. Z3 0
NR____ Dept..No. MR

d-Strctures--ackag I

11.4.2 ANSYS Input (Cont'd)

N,309,X2,Y2,-5
N, 10, 93, T2
N, 110, 94, Y2
F! LL, 1,2,2, 11, 1
FILL,2,3,3,21,1
FILL,3,4,3,31,1
FILL,7,8,2,71,1
F!LL,8,9,3,81 ,1
FILL,9,10,3,91,1

C*m ELEMENT CONNECTIVITIES
Ctm

KAT,2 STYPE,2 SREAL,2
EN,1, 1,11l,20 SEN,11, 1
EN,2,2,21,20 SEN,21,2'
EN,3,3,31,20 LEN,31,3'
MAT ,3

EN,7,7,71,80 SEN,71,7
EN,8,8,81,80 SEN, 81,8
EN,9,9,91,80 SEN,91,9

MAT,4 STYPE,1 SREAL',5
EN,303,3,303
EN,309, 9,309

MAT,4 STYPE,3
REAL,3 SEN,503,303
REAL,4 SEN,509,309
C*"
MAT,1 STYPE,1 SREAL,1
E, 102,5

1,12,20
1,22,20
1,32,20

1, 72,8so
1,82,80
1,92,80

SEN, 12, 12,2, 20
SRP2,l1,1.
S.RPZ,1,1,1

SEN, 72, 72,8,80
SRP2, 1,1,1
SRP2,1,1,1

SEN,23,23,3,20
SEN ,33 ,33 ,4,20

SE ,B3 ,83 ,9, 80
SEN ,93,93,10,80

* RIGID LINK

E,5, 108
E, 103,6
E,6,109 -

E, 105,106
C*,.
C*" COUPLED DOFS FOR MEl
CP, 1 ,UX, 102,2
CPLGEN, 1,UY,UZ

CPSGEN,2,1,1,3

CPLGEN,9,ROTX
CPSGEN,2,4, 1,3
CPSGEN,2,6,1,3

CPLGEN, 16,ROTY

CPSGEN ,2, 1, 14, 17
C*" BOUNDARY CONDITIONS
*CREAT,BND

DDE LE ,ALL ,ALL

D,1 ,UY, ,, , ,UZ
D,4tUY, ..... UZ,ROTX
D,7,UY,, ....,UZ
0, 10, UY,#, ,,,UZ, ROTX
C"'*
DDX=ARG1

MBER JOINT RELEASE

*SETS

'SETS
*SETS

*SET
*SETS

*SETS

*SET

*SETS

2-3 NODE2
4-6. NODE3
7-9
10 NODE5
11-13 NODE6
14-16
17 NODES
18-21 NODE9

135
136
137
138
139
14D
141
142
143
141"
145
146
147
148
149

-150
151
152
153
154
155
156
157
158
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159
160
161
162
163
164.
165
166
167
168
169
170
171

173
174.
175
176
177
178
179
160

181
182
183
184
185
18.6
187
188
189
190
191
192
193
194
195
196
197
198

.199,
200
201
202
203

204
205
'206
207
208
209
210
211

D, 1,UX -ODX
D,4,UX,DDX
D,7,UX,-DDX
D,10,UX,DDX
*END

'USE,BND,0
C~' ANALYSIS OPTIONS
ITER,-20,20
TREF ,70
POSTR, ,2,5
C"* PLOTS - GEOMETRY W/B.C.
/SHOW
/VIEW,,0,0, 1

EPLO
/SHRINK,0.3
/PUL4,9OOE, -1
/PNUI4,ELEM, 1
EPLO
IPNIM(,ELEN
IP3C,ALL, 1
EPLO

/VIEW,,1,1,1
EPLO
CW** LOADING CASES
Cm"
C` PIPE FPL
F,3,FX,-.OO3,.,23,20
F,3,FZ,-.307,,23,20
F,3,MX,5.749, .23,20
F,3,MZ,.06,.,23,20
Cwm

-CREAT ,MAC
TUNIF,ARGI
LWRITE
*END
Ct m*
C*** FOR AX11 AT ELE. 7131-011,
C*'*,PEAK ACCEL.(G): NS=1.4, EW=1.65, VT=O.38
C** FACTOR: MMF=1.S
W4MF=1.'5. SGX=MMF*1.65ý SGY=MMF*1.65 !SG2=.4MF*O.38

C** OL+SSE XZ-PLANE
ACEL, -GX,0, G2+l
-USE,NAC,70

Cwm
C** DL+SSE YZ-PLANE
ACEL,,-'GY,GZ+1
-USE,MAC,70
Cm*
*USE,BNO, (1/32)
*USE,MAC, 150
RP7,,10

TVA -.- Client
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11.4.2 ANSYS Input (Cont'd)

AFWRITE*, , I
F INI SH
/INPUT,27
FINISH
/ POST 1
/S HOW
NLINE,200
CREAT,PRF

SET ,ARG1
PRR FOR
PRD ISP
PLDISP
PLDISP,1
*END
-JSE,PRF, 1
'USE, PRF .2
'USE,PRF,9
IVIEW,,1,1,1
PLD ISP
PLDISP,1

FINISH

C"'*
/POST2_6
/SHO.W
NIIIVAR, 50
TYAR, 1

ESTR,Z,1,53,TEMP *TEMPERATURE

-CREATE,STRN

C"' STORE.STRAINS FOR CHANNEL
ESTR,3,ARG1,Z15,EE01
ESTR,4,ARG1 ,216,EPO1
ESTR,5,ARG1 ,ZZ7,EEO3
ESTR,6,ARG1 ,228,EPO3
ESTR,7,ARG1 ,251 ,EEO7
ESTR,B,ARG1 ,252,EPO7
ESTR,9,ARG1 ,263,EEO9
.ESTR, 10,ARG1 ,264,EPO9
PRVAR,Z,3,4,5,6
'PRVAR,2,7,B,9, 10
*END
C*"
'CREAT ,DSP
DISP,21 ,ARG1 ,UX,UX
DISP,22,ARG1 ,IY,UY
DISP,23,ARG1 ,UZ,UZ
PRM,24,21 ,21 ,,UXUX
PRM,25,22,22, ,UYUY
PRW ,26, 23, 23, ,UZUZ
ADD ,27, 24,25,26,SS
SORT,28,27, ,..SRSS
PRVAR,2,21 .22,23,28
*END
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265 -USE,STRM,2
266 -USE,DSP,21
267 -USE,STRN,21
268 -USE,DSP,22
269 -USE,STRN,22
270 -USE,DSP,23
271 *MS,STRN,23
272 -MS,DSP,3'

273 MSE, STRN, 8
274 flISE,OSP,81
275 USE,STRN,81

..276 -USE,DSP,82
277 -USE,STRN,82
278 *USE,DSP,83
279 -USE,STRR,83
280 USE,DSP,9
291 FINISH

40-



PT:

TEMP:
SIGX:

EP:
EPPL:

Segment Point Number, see Figure 11.2.2 for the definition of segment

point for cross-section of Channels.

Temperature

Axial Stress
..Axial Elastic. Strain
.Axial Plastic Strain

'-The stress-and- strain, results: from- output file "AMI1R", indicate., that no-yielding-occurs

.in the structure at the final load step (temperature = 210'F).
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11.4.3 Analysis Results.

The ANSYS output for the analysisý "AX 11" is stored in file "AMIiR". The analysis

results of the final load step (Load Step 9) are provided in this Section.

The deformed structure is plotted in Figure 11.4.3. 1. Note that the displacements in this

plot are magnified. This member is subjected to weak axis bending mainly due to

thermal effect.

The reaction forces and the nodal displacements are provided in Sections 11.4.3.1 and

11.'4.3.2 respectively. The maximum displacement for the member between nodes 1 and

4 occurs at Node 23.. The maximum displacement for the member between nodes 7 and

* 10 occurs at Node 83.

The stresses and strains for elements arround node 23 (elements 21, 22, 23 and 3) and

node 83 (elements 81, 82, 83 and 3) are presented in Section 11.4.3.3. The following

explanations are provided for the labels shown in the stress and strain output.
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11.4.3.1 Reaction Forces

AX11 EVAL. FOR AXIAL CASE 1-11, DWIG. 48N1210-16, EL. 713'-0"

S POSTI REACTION FORCE LISTING ...

LOAD STEP 9 ITERATION= 20 SECTION= 1
TIME= 0.0000 LOAD CASE= 1

ITHE'FOLLOWING XY,Z-FORCES ARE IN'NODAL COORDINATES

NODE FX FY FZ MX

1 15.055942
4 -15.049941
ý7 16.973767

10 -16.973768

TOTAL .60000012E-02

-1.2M4128
-1.2947006
-.90209277
-7B326339

-4.1848695

1.0694251
1.096m25
.55390628
.54928815

3-2686445

Sheet_,/Sý3 of '"20.d
NR Dept. No. NR

~d -Structures- -Package, I

-10.275460

.18450515

-10.090955 0.0000000

lIZ

0.0000000
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11.4.3.2 Displacements

AX11 - EVAL. FOR AXIAL CASE 1-11, DWG. 48N1210-16, EL. 7131-0"

***POSTI NODAL DISPLACEMENT LISTING

LOAD STEP 9 ITERATION= 20 SECTION= 1
TIME= 0.0000

16.0328 AUG 9,1991 CP=

LOAD CASE= 1

THE FOLLOWINGr X,YZ DISPLACEMENTS ARE IN NODAL COORDINATES

UX UT
* .31250000E-O1 .0.0000000
.17965737E-01 .36942408

.10044532E-01 .49917512

.31250000E-01 0.0000000
- .21740197E-01 .39116307
.13448034E-01 .52037226

- .312500005-01 0.0000000
-. 18179799E-01 .41571,132
.94734879E-02 .54430923
.31250000E-01 0.0000000
-.27054074E-01 .13541346
- .22669099E-01 .261 00336
- .11500944E-01 .47201014
- .45240438E-02 .52779203
*.27196559E-02- .53102884
.16291243E-01 .43455239
.21907891E-01 .32253946
, 26835822E-01 .17273634

- .27156325E-01 .15223731
- .22848490E-01 .29393062
- .11707885E-01 .52949603
- .47355336E-02 .59074728

.24396829E-02 .59547164
.15564572E-01 .45228872
.21183465E-01 ._32406927
_26355555E-01_ .16922754,
'-17965737E-:01. -'.36942408

.10044532E-01 -. 49917512
ý-.217401975-01 ".39116307*

.13448034E-01 .52037226'
,- .18179799E-01 : .41571132

.94734879E702 .5"430923

.28619924E-01 .1.8129076
- 309 ' .'10348164E-;01-".44727096:

Uz
0. 0000000
.22212226
.39290142
0. 0000000
.98133023E-01
.18392250
0. 0000000

- .41611145E-01
- .51894768E-01
0.0000000
.76578161E-01
.15165582
.30121536
.36577292
.41398440
.30992814
.21"49911
.11030760
.15762926E-01
-29803172E-01
-.51926561E-01
-572"4262E-01
-57220546E -01

-.4363"411E-01
'-.31806895E-01

,'%17057967E-01_
* .22212226

.98133023E..-:1.
-18392250.

- .518947685-01
.56363581.
'.55755912E5-01

ROTX ROTY
.33684571 - .91102546E-02
.31028067 - .817976705-02
.26562040 - .26966772E-02
0.0000000 .30777397E-02

- .53783054E-02 .8141526SE-03
-.90699911E-02 -. 25478704E-03
- .97184105E-02 .12664750E-02
- .20798344E-01 .81657336E-03
- .19389452E-01 -.2562B351E-03
0.0000000 -. 10297768E-02
.32641765 - .91253891E-02
.31751752 - .87965475E-02
.30421276 - .70674131E-02
.30152770 - .57037829E-02
..30256153 -.42422576E-02
.19670309 -. 110112675-02
.12998070 .39206043E-03
.64649522E-01 .176348895-02

-. 14148452E-01 .114965645-02
- .178633525-01 .998667455-03
*-.22775326E-01 .56389512E-03
-.23244484E-01 .29329253E-03
-.221204365-01 .16378651E-04
-.16223982E-01 -.487425555-03
-.118624325-01 -.69624240E-03'
- .642331215-02, -.877737035-03
..53899115E02',- .815289885-03
'.908160015-02' - .256704485-03'

-!.537830545-!02, -.2-3215341E-02
-.537763375-02. - .233005845-02
.536465445-02 - .8536-3

7-.90563397E-02 -. 256283515-03
_26562042 -, -. 269667715-02

-ý19389433E-01 'ý- .256283515-:03

ROTZ
.198059245-01
.14353553E-01

- .79105298E-02
-. 209314545-01

.20584943E-04
- .56076173E-05

.210100045 -01

.14883195E-01
- .84133419E-02
-.201915375-01
.190662535-01
.17192614E-01
.966694105-02
.41168662E-02

ý-.-181060905-02

-. 13075533E-01
- .17377166E-01
- .201977635-01
.202771125-01
.18171853E-01
.95799491E-02
.35961864E-02

- .25698872E-02
- .131226265-01
- .168702565-01
- .1.93239995-01-
-.2323.4312E-03
'21722434E-:03
.362115645-02ý
.33439645E- 02

-.218825075-03
.23366310E-03

- .791052985-02
- .84133419E-02-

27.461

NODE

2
3
4
5
6
7
8
9
10
11
12
21
22
23
31
32-
33
71
72
81
82
83
91
'92
,93

* 102
*103
105
106

109
303
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11.4.3.3 Stresses and Strains

3 2

1,

ELm 21 NODESc 2
END I PT TEMP

1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
6 210.00
7 210.00
8 210.00
9 210.00

END J PT TEMP
1 210.00
2 210.00
3 210.00
4e 210.00
5 210.00
6 210.Cl
7 210.00
8 210.00
9 210.00

FORCES ON MEMBER AT

1 22 MAT-

17.516
.52299

- 16.470
- 14.729
- 12.988
-11.247
-9.50b5
7.4878

SIGX
20.105
1.0334

- 18.039
- 16.033
-14.022
- 12.023
-10.018
9.0543
28.126

NODE 21
22-

EL= 22 NODES= 22 23 MAT=

END .1 PT TEMP - SIGX
1 210.00 20.137

2 210.00 1.0459

3 210.00 -18.046
46 210.00 -16.042

5 210.00 -14.038
6 210.00 -12.035

-7 210.00 -10. 031
8 210.00 9.0605

9 210.00 2.5

END J1 PT TEMP SIOX
1 '210.00 20.548
2 210.00 .97396

3 210.00 -18.600
4 210.00 -16.440

5 210.00 -14.279
6-210.00 "-12.119
7 210.00 -9.9591
8 21n.00 9.6148

9 210.00 29.189

FORCES ON MEMBER AT NODE 22
23-

2 PRESSURES(Z,Y)= 0.0000
EP

.0006391
.0000191

-. 0006011
- .000ý376
- .0004740
- .0004105

.0003469

.0002733
'.0008935

EP
.0007338
.00003T77

- .0006583
- .0005852
-. 0005120
- .0004388
-.0003656
.00033D4
.0010265

15.027-Z
15 .0276

EPPL
0 .0000000
0 .0000000
0.0000000
0.0000000
0 .0000000
0. 0000000
0.0000000
0.0D000000

EPPL

0.0000000
0 .00D0000

0.0000000

0.0000000
0.0000000
0. 0000000

* .422714
.252196

2 PRESSURES(Z,Y)z 0.0000

EP
.0007349
.0000382
000O6586

- .0005855

-.0005123
-.0004392
-.0003661
.0003307
.0010274
EP

.0007499
.1000355

- .0006788
- .0006000
-.0005211
- .000423
- .0003635
.0003509
.0010653

15.0287
15.0281

EPPL
0.0000000
0.0000000
0. 0000000
0.0000000
0.000D0000
0. 0000000
0. 0000000
0 .0000000
-0.0000000

EPPL
ý.0.0000000
0.0000000O

-0.00D00000

'0.0000000
0. 0000000
*0. 0000000
0.0000000
0.0000000
0. 0000D000

0.0000
EPCA

0.0000000
0.00i00000
0.0000000
0.00000c0
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

EPCR
0.0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.O0onooo
0.0000000

.586218
- .384760

0.000~
EPCR

0.0000000
0.0000000
0 .0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
*.0.0000000

EPCR

0..G0000000
:0.0000000
0o.0000000
0.0000000
-0.000O0000
0.0000000
0.0000000
0.0000000

-.163645 .388542
- .704427E-02 - .187230

AVE. TEMP- 210.00
EPSW

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.000000c

EPSW

0.0000000
0. 0000000
0.0000000
0.0000000C
0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000

.482175
- .21 1306

29.6158
-34.1066

0 AVE. TEMP-- 210.00
EPSW

0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000

EPSW
ý0. 0000000
0.0000000
0.0000000
0,.0000000

-0.0000000
0. 0000000
.0.0000000

p 0.00D00000

.719963E-02 34.0796

.263472 -36.7425

.

25.5164
-28.6379

28.6670
-29.3913
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11.4.3.3 Strese and Strains (Cont'd)

EL= 23 NWOES= 23 3 MAT= 2
END I PT

2
3
4
5
6
7

END J1 PT

2
3
4
5
6
7
a
9

FORCES ON

TEMP
210.00
210.00
210.00
210.00
210 .00

-210.00

210.00
210.00
210.00D
'TEMP

210.00O
210.00O
210.00O
210.00
210.00
210.00
210.00
210.00
210.00

MEMBER AT

Sfax
21 .310
1.2677

- 18.774
- 16.643
-14.513
-12.382
-10.251
9.7912
29.833

Si OX

PRESSURES(Z,Y)= 0.0000

.000777

.0000463
* .0006852
* .0006074

.0005297
.Q0004519

-. 0003741
.0003573
.0010888
.EP

20.643
1.15W8.

-11&.325 -.

-16.279-.
-14.233-
-12.187
-10.141
9.3432 .
28.B27 .

NODE 23 15.0240
3 -15.0230

0007534
0000423
)D06688
0005941
)005 195
)0D4448
)003701
1003410
1010521

EPPL
0. 0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000

EPPL

0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

.0.0000
EPCR

0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

EPCR

0.0000000
0.0000000
0.0O000000
0 .0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

.342663E-02 - .567&04E-01 4.849"4
- .177704 .254994 -4.58293

AVE. TEMP= 210.00
EPSW

0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0. 0000000

EPSW

0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

36.2436
-34.8017

EUs 3 NODESs
'END I PT TM

1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
6 210.00
'7. 210.00
8 210.00
9 200

END J "PT -TEMP

1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
'6 '210.00
7 210.00
8 210.00
9 210.00

3 31 MAT= 2 PRESSURESCZ,Y): 0.0000
SIGX

22.699
1.9566

-18.786

-16.828
-14.870
- 12. 912

.- 10.954
.9.78M4

SI OX
18a.672

'1.0963
- 16.479
-14.882
-13.285
I-11:688
-10.091
7.4847
25.0D60

FORCES ONf MEMBER AT NODE 3 15.0476
31 '-15.0464

EP
.0008284
.0000714
.0006856

- .0006142
- .0005427
-. 0004713
-.0003998
-0003572
.00 11143.

EP
-0006815,
'.0000400.

.EPPL
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

-0.0000000
;.'0.'0000000

IEPPL

.'ý0.0000000
1.0.0000000'ý

'-.0006014 '',0-.0000000'

-. 0005431 0.0000000
- .0004849 '0.0000000
- :0004266 ",0.0000000

-.0003683 -0.0000000
.0002732 0.0000000
.0009146 0.0000000

.474734
-.644287

0.0000 AVE. TEMPm 210.00
EPCR EPSW

0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000

-0.0000000 0.0000000
.0.0000000 -0.0000000
0'. 0000000 -'- 0.0000000
EPCR Epsw

0.0000000 0.'0000000
'0.0000000 -0.0000000 -

"'0. 0000000
0.0000000
'0.0000000

0.0000000
0.0000000
0. 0000000

- .635374
.a08791

-~0.0000000
0. 0000000
0.0000000

''0.0000000
0.0000000
0. 0000000

9.68766
-9.45"49

33.3027
-27. 1650

31.1464
-26.3906

30.0942
-29.2564

'0ualif.`.:of-.'Worst" Cases of'-:Thermallv Restrained', Structures *!--.,---Packaoe I
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11.4.3.3 Stresses and Strains (Cont'd)

ELe 81 MWDESz
ENDI PT TEMP

1 210.00
2 210.00
3 210.00

S210.00
5 210.00
6 210.00
7 210.00
8 ,210.00
9 210.00

END J PT TEMP
1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
6 210.00
7 210.00
8 210.00
9 210.00

FORCES ON MEMBER AT

EL= '82 "NMOES= *
END I PT TEMP

1 210.00
2 210.00
3 .210.00
4 210.00
5 210.00
6 210.00
7 210.00
8. .210-. 00.
9 -210.00

END J1 PT TEMP
1 210.00
2, 210.00
3 ý210.00
4 210.00
5 :210.00.
6 210.00
7 210.00
8 210.00
9 210.00

:F0RCES-0N"MEMBERAT I

81 82 MATz
SI Ux

20.9917
Z.6979

-15.601
-14.908
-14.214
-13.521
-.-12.827

5.4725
23.772

SIGX
22.926
3.2464

* 16.433
-15.669
-14.905
-14.141
-13.377
6.3027
25.983

NODE 81 1

82 -1

12-83 .MAT=
SIGX

22. 921
3.2438

-16.433
-15.669
-14. 904
-14.139
-13.375
6.3021
25.979

SIGX
22. 565
3.1035

- 16 .358
-15.577
-14.796
-14.015
-13.234
6.2275
25.689

NODE 8 2 *
83 -1

3 PRESSURES(Z,Y)= 0.0000
EP

.0007663

.0000985

.0005694
- .0005441
- .0065188
- .0004934
0004681
.0001997
.0008676
EP

.0008367

.0001185
- .0005998
-.0005719
-.0005440
-.0005 161
.0004882
.0002300
.0009483

6.9465
6.9475

EPPL
0.0000000
0. 0000000
0. 0000000
0 .0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0. 0000000

EPPL
0.0000000
0. 0000000
0.D0000000
0.00D00000
0.0000000
0.0000000*
0. 0000000
0.0000000
0. 0000000

-.301981
.146192

3,m-PRESSURES(Z,Y)= 0.0000
EP

.00083i

.000111

.000594
-. 00057'
-. 00054:
-.00051~

*- .000481

*.000231

0f0094~
EP

- .000823

.000113

.000549

-. 0005 11
- .00040~

.000222
.000937

6.9481
6.9482

EPPL
65 0.0000000
84 0.0000000
~8 0.0000000
18 0.0000000
39 0.0000000
60 0.0000000
51 0.0000000
300. 0.0000000
81 0.0000000

EPPL
16 ' 0.0000000

3 ',0.'0000000
r0 .0.0000000
15 -0.0000000
10- -.0.0000000

5 0.0000000
0 0.0000000
13 0.0000000
10 0.0000000
-..4296B2E-01
-.112794

0.001
EPCR

0.000000(

0.0000001
0. 0000001
0.000000(
0.0000000
0.0000000
0.0000000

0 .0000000

EPCR
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

.176-434
- .825526E-01

.'0.000

EPCR
0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
* 0.0000000
'.0. 0000000
0.0000000

EPCR
0. 0000000

* 0.0000000
-.0.0000000

0'.-0000000
0.0000000
0. 0000000
0. 0000000
.0. 0000000

00 AVE. TEMP= 210.00
EPSIJ

0 0.0000000
0 0.0000000

0 0.0000000
0 0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

EPSW
0.0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

.122813 11.7983

.341433E-02 -12.9961

0 AVE. TEMP= 210.00
EPSW

0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

ý0.0000000

EPSW
0.0000000

~0.0000000
ý0.0000000

0.0000000
* 0.0000000

0. 0000000
0. 0000000

71563E-01:-- -'803695E-01
16759E;-01 .206665

13. 0047
-13.2840

27.4776
-29.5504

29. 5462
-29.2233



EBASCO SERVICES INCONPORI=E

BRANCH/PROJECT ID:'WCG-1-969

By-Date~ 14, 1 AI
Chkd. by 9C)! Date_______ OFS No.

Sheet ISof_____

NR- Dept. No.. NR

Client TVA

,Project lWBNP Unit I

Subject Qualif. of worst Cases of Thermally Restrained Structures -- Package I

11.4.3.3 Stresses and Strains (Cont'd)

EL= 83 NWES-- 53 9 MAT= 3 PRESSURESCZ,Y)c 0.00N
END I PT

3
4

5
6
7
8

9
END J PT

1
2
3

6
7
8
9

FORCES ON

TEMP
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
TEIP

210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00

MEMBER AT

SIGx
22.534
3.08B89

- 16.356
-15.572
-14.788
-14. 003

- 13 .219
6.2258
25.671

SIGX
19.907
2.2645

-15.378
* 14.632
-13.W8
- 13. 139
-12.393
5.2498
22.W93

UWE 83
9

EP
.0008224
.0001127
-.0005969
- .0005683
- .0005397

-.0005111
-. 0004825
.0002272
.0009369

EP
.0007265
.0000826

- .0005612
- .0005340
- .0005068
,.0004795

- .0004523
.0001916
.0008355

16. 9472
- 16.9463

EPPL
0.0000001
0.0000001
0.0000001
0. 0000001
0.0000001
0.000000(
0.0000001
0.0000001
0.0OOOOOOC

EPPL
0.D0000001
0.0000000
0. 000000C
0.00D00001
0. 000000N
0.0000000
0.0000000
0.0000000
0. 0000000

.214776
- .370355

30 0.0000
EPCR

0 0.0000000
0 0.0000000

0 0.0000000
0 0.0000000

0 0.0000000
o.0M00ao
0.0000000
-0.00D00000

I 0.0000000
EPCR

I 0.0000000
O .0000000

I 0.0000D000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000

-.225714E-01 - .20'1
.116802 .4111

AVE. TEMP= 210.00
EPSW

0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
EPSW

0.0000000
0. 0000000
0.000D0000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
140 13.3388
137 -12.6942

ELz
'END I

UWESU
-TEMP

210.00
210.00
210.0DO

4 210.00
5 210.00
6 210.00O
7 210.00
8 210.00
9 -210.00

END J PT TEMP
1 210.00
2 210.00
3 '210.00
4 210.00
5:S-. 210.00
6 210.00
7 210.00
8 210.00
9 210.00

,FORCES ON MEMBER AT

9 91 HAT=
sI SG

19. 853
2.2357
-15.382

- 14.631
-13.880
-13.129
-12.378

5.2395
22.857

SIGX
16. 049
1.1282

- 13. 792
- 13. 161
-12.530
-11.899

-11.268
3.6529
18.573

,NOE 9 1
91 -1

3 PRESSURES(Z,Y)=. 0.0000

EP
.0007246
.0000816
-.0005614

-.0005340
- .0005066
- .0004792
ý-.0004518

.0001912
,0008342.

EP
.0005857
.0000412

-'0005034

,.0004803
- .0004573
- .0004343
-.0004112
.0001333
.0006779

6.9703
6.9687

EPPI.
0.0000000
0.00=0000

0.0000000
0.D000000
.0.0000000
.0.0000000
0.0000000

*EPPL
*0O.0000000
:'O.ooooooo
.0.0000000

.0.0000000
0.0000000
.0. 0000000
.0.0000000
0. 0000000

.. 405132
- .547835

0.0000
-EPCR

0. 0000000

O.000000
0.0000000

0.0000000
0.0000000
0. 0000000

.ý0.0000000
0. 0000000

.EPCR

*0.0000000

.0. 0000000
-0. 0000000
10X0000000
*0.0000000
0. 0000000
0. 0000000
0. 0000000

-. 196161
.283171

AVE. TEMPz 210.00
EPSW

0. 0000000

0. 0000000
0. 0000000

0. 0000000
0.0000000
.0. 0000000
-0.0000000
*0.0000000
'-~0.0000000

EPSIJ
0.0000000
0'.0000000

0. 0000000
0.0000000
-0.0000000'
0.0000000

*0.0000000
0.0000000
0. 0000000

-.3810D48
.498036

12.7728
-10.7357

29.1978
-26.4916

26 .4542
- 22. 4041
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11.4.4 Member Qualification

As presented in Section 11. 4.3, -the maximum displacement: for the member between

nodes 1 and 4 occurs at Node 23. The maximum displacement for the member between

nodes 7 and 10 occurs at Node 83. The stress and strain results of the analysis indicate
that no yielding occurs in -both members at the final temperature step

(temperature =2 10'F). Therefore, the ductility ratio at both nodes 23 and 83 are less

than 1I Note ýthat, the ductility, ratio. is,'defined as the ratio of the final displacement to
the yield displacement.

Per DG-Cl.6. 12, Appendix D, the members of worst case 1-11 are qualified.
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11.4.5 Connection 'and Anchorage Qualification

The connections at support nodes 1, 4., 7 and 10 are evaluated. The connection

information is-obtained from Drawing 48NI210-16 and the walkdown package (Caic.

WCG-1-830). The evaluation of connections is documented in sheets 161 through 166.

Based on the analysis results presented in Section 11.4.3, the anchorage, to which the

-supporting,: channels., are, welded,,,is not, affected due, to thermal effect (The only force

transferred to the anchorage due to thermal effect is compression force). Therefore, no

further evaluation is required for the anchorage.
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11.5 Qualification of Worst Case 2&3-8(G)

11.5.1 Mathematical Model (PR8G)

The ANSYS model PR8G is shown in Figure 11.5. 1. 1. This model contains members

for a member (Angle 3x3x114) with Proximity Restraint, two supporting members

(structural tubing TS 4x4x1/4). and other interconnecting members. -ANSYS STIF24

elements (3-D thin-wall plastic beam elements) are used to simulate the proximity
mebrandh -'spotn -members-.. -.The- interconnecting, members are modeled with

STIF4 beam elements. Temperature dependent material properties, as described -in

Section 11.2, are used.

Boundar Condition

ANSYS STTF14 spring elements and STIF40 combination elements are used to simulate

the -shear.:stiffness of concrete- anchors . and the rotational stiffness of the baseplate. and

concrete~anchorage, at support, nodes, 1 and 9. Nodes 10 1 and -109. are the. support nodes

..... for, the- spring--elements. 1600- kip/in'(400*4), obtained from. CSG-9 1-0003. is used as the

shear stiffness for each spring to represent the 1" Wedge Bolts. The rotational stiffness

is calculated from the output of BASEPLATIE II runs. A total of two (2) baseplate

models were generated as shown in Figures 11.5.1.2 and 11.5.1.3. The input files for

* .,.the. baseplate' runs, to calculate rotational stiffness are provided in-Tables 11.5.1.1-and

11.5.1.2.

Adisplacement ýof 1/32" is specified atMode 101 in +Y directioandatne10 n-Y

*-- direction.- 'This- approach has the'Asame: effect of, using, a, Gap, Element 'at. support-,to ,allow

fre mveen beorlod.starts- ,to, tasfer. ':A- 'study, rn.is-performed by, specifying-.a

gap of 1/32" for the 'combination 'elements (STIF4O) at both- nodes 1, and 9. The -final

results of the analysis using gap elements are identical to the results of the analysis using

i .mposed displacements. .The. input file. and the -results -(reactions. and displacements at
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final load step) are provided in Attachment D.

Loading Condition

As shown in Sheets 178 and 179, equivalent densities are calculated for the proximity
member and the supporting members to consider the dead loads (including self-weight

and grating) and the sustained live loads (10 psf per WB-DC-20-21). There is no
."attachment on the..members per walkdown, information shown. in Attachment E. The SSE
loads are -applied using the equivalent static approach. The peak G's of the ARS,
obtained from QIR-CEB-WJBN-89-361 (Ref. 9.7) as shown in the following table, are

applied with MMF = 1.5.

In the ANSYS model, .1.4G is used. in, the global Z (vertical) direction and. 3.5G is
ý,ýconser~vatively,.,used--as the, accelerations. in both ,X and .Y direction. Since the YZ-SSE
(combination of SSE in Y and Z directions) is more critical than the XZ-SSE
(combination of SSE in X and Z direction), the YZ-SSE is used to combine with other
applicable loadings (DL, SLL and Thermal loads). The thermal load is applied by

.:specifying, incremental -temperature, steps from 700 *up to.-the. accident. temperature -327.0
.with an dincrement-of 100 ,-per load step.

The. ANSYS input file is presented in Section 11.5.2.

.M_

Oualif. of Worst Cases of Thermallv Restrained Structures Package I
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Table 11.5. 1.1 BA:SEPLATE HI Input for Rot. Stiff. for. Node 1 of ANSYS Model

.3 BS1PRBG-NME 1; SURF. NOWNT. PLATE; 4&U967-1
OUT ,.110
CON .... ,3000,1.7,1.7/
PLA 15,15,,14,16,.75,29/
APR 4,4,1,4,4,.25,.2-5/
BPR ,l¶,.4E6,1.OE6/
SOL 4,5,1,3.25,4.75/
BOL 12,5,1,10.75,4.75/
SOL 4,12,1,3.25,12/
BOL 12,12,1,10.75,12/
END /
TUB 8,11,1,7,.11.5/
END /
POI 8,11/
LOA ,1,0,0,0,100000O,100000,0/
END /
END OF JOB
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Table 11.5.1.2 BASEPLATE II Input for Rot. Stiff. for Node 9 of ANSYS Model

3 BS9PRBG-RODE 9; SURF. 9WNT. PLATE; 48W967-1

coW .... 3000,1.7,1.7/'
PLA 15,16,,14.,16,.75,29/
APR 4,4,1,4.,4,.25,.25/
SPR , 1,. 4E6, 1.aOE6,52oa,670a/
501. 4,5,1,3.25,4.75/
80L. 12,5,1,10.75,4.75/
8OL. 4,12,1,3.25,12/
SOL 12,12,1,10.75,12/
END /
TUB 8,13,1,7,12.88/
END' /
POI 8,13/
LOA ,,1,0,0,0,100000,100000,0/
END/
END OF JOB

.90-
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11.5.2 ANSYS Input

~~ ~ANSYS INPUT DATA LISTING (FILE18) "'"

/PREP7
/TITLE, 'PR8G - EVAL.- FOR'PROXIMITY -CASE 8(G), DWG 48N967-1, EL.' 774'-0--, LOOP, 4
/CON
/CON BRANCH/PROJECT ID : CG- 1-969

/CON ýPREPARED BY :SAL 8/15/91
/CON CHECKED BY J1. OU 8/15/91

/CON INPUT: PRBG
/CON 'OUTPUT: PR8GA
/CON FILE12: PR8GF
/CON PLOT: PR8GP
/CON
C*" ANSYS ANALYSIS OPTIONS AND REFERENCES
KAN1,0
KAY ,6, 1
KNlL, 1
TREF,70
C-' ELEMENT TYPE AND MATERIAL PROPERTIES
El, 1 24,, , * ,

El ,Z,4, gvgg1
ET,3,14,,l
ET,4,40 ...2 DO
C*" MATERIAL PROPERTIES
EX, 1,29000
RP3, 1
ALPX, 1,6.5E-6
RP3, 1
C*"
DENS,1,0.92E-3
DENS ,2, 0. 70E-3
DENS,3, (0.283E-3+2.95E-3)
DENS, 4, 0.283E-3
C"'*

MPTENP,1 ,70,100,200,300,400
RP4, 1
MPOATA,EX, 1,1 ,29.0E3,28.9E3,Z8.3E3,Z7.9E3,27.4E3
RP4,, 1
MPOATA,ALPX, 1, 1 6.50E-6,6.50E-6,6.50E-6,6.67E-6,6.86E-6 *ALPX=6.29 MU FOR 10OF
RP4,,1
-C"' NONLINEAR.MATERIAL.CONSTANT
*CREAT ,MNL
NL,ARG1,13,10
NL,ARG1,19,70, 100,200,300,400
NL,ARG1 ,25,36,36.O,36.0,36.0,36.0

NL,ARG1 ,31 .150,150,150, 150,150
'END
-USE,XNL, 1
*USE,MNL,2
'USE ,MNL ,3

W-)
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11.5.2 ANSYS Input (Cont'd)

C*'t MEMBER CROSS SECTIONAL
R, 1,3. 54,8.0,8.0,4 .0 ,4.O0

R,2, 1. 44 1. 24 ,1.24,33
RMORE, ,O.03
C"'*

Kl=(400*4) SAL 7/~

C"'* GAP=(1/32)
GAP=O * SAl
FSL=(20 .8'4)

R,B,Kl ... GAP,FSL

GAP=O
R,5 , Kl,.GAP ,FSL

C*"'

BF=4

0=4
TW-sO.ZS
C"'*

PROPERTIES
" TS4X4X.2-5

" L3x3x.25

31/91

L 7/24/91

MODE 1

MODE 9

" WIDTH

" DEPTH
"WALL THICKNESS

AA(BF-TIJ)/2
88B(D-TIJ)/2
QA=A/Z
08=88/2
*STAT
R,3,AA,BB,O,QA,BB,TW
RMORE,O,BB,TW,-QA,DB,TW
RHORE,-A,88,TW4-AA,QS,TW
RNORE,-A, 0, TW, -A, -B, TW
RMORE. -AA, -S,TI, -QA, -BB,TWs
RNORE,O,-BB,TW,QA, -BB,TW
RNORE,A, -BB,TW,A, -OB,TIJ
RMORE ,A, 0, TW,MA, B,TW
RMORE,AA,BB,TW
C*"
*CREATE ,ANGL
D=ARG2
AFmARG3
TAW-ARG4
XBR=ARG5
YBR=ARG6
C"'*

D=DEPTH
AF=FLANGE
TAWTH I CXNESS
XBAR=CENTROID
YBAR=-CENTROID

XX=AF- (TAW/2)

YY=O-(TAW/Z)

XO=XBR -(TAW/Z)

YO=YBR-(TAW/Z)

XX=Xx-XO
YY=YY-YO
MX=XX/2
MY=YY/2

*IF,ARG7,LE,1,:RAN

X=-XX SXO=-XO X=X
:RAN

*ST1F24 REAL PROP. - TS

'ANGLE L DX AF XTAW

FROM AISC

* 4 '3 -*2 '1

* 5 CG(XBARiYBAR)

ARG7=0 OR DEFAULT CASE

FOR ANGLE SHOWN LEFT
WHERE
FLANGE IS ON.RIGHT OF

* 6 WEB

*7

aw C'SIGN FOR FLANGE ON 'LEFT OF WEB

Restrained-Structures- Packagel

NR
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11.5.2 ANSYS Input (Cont'd)

R,ARG1 ,XX,Y0,O,MX,Y0,TAU
RI4ORE,0,YO,TAU,-XO,YO,TAW
RM0RE,-XO,0,TAW,-XO, -MY,TAW

*END
-USE,ANGL,4,3,3,0.25,0.8'.2,0.842,1 *L3X3Xl/4 LEFT FLANGE
Ck* MODAL COOMD INATES
N, 10 *,62

N,101,0,64 SN0D"300
N,2,6.5,61 SFILL,1,2,1,NDD+11,1
N, 102 ,6.5 ,61

N,202,6.5,61
N,3,43,56 SFILL,2,3,8,NOD+21,1
N, 103 ,43 ,56
N,4,50,55 SFILL,3,4,1,MOD+31,1
N,5,22,38
N ,6,6.5 ,37
N,106,6.5,37
N,7,6.5,18
N, 8,25 ,12

M, 108, 25 ,12
N,Z08,25, 12
N,9,0,0 SF!LL,2,6,5,N0DD.i
M,109,0,-2 SFILL,6,7,5 ,NDD+
N, 10, 6.5 SFILL,9, 10, 1,NOD+91,1 SFILL,7,10,5,N0DD
N, 11,26.5 $FILL, 10, 11,4,NOO+101, 1
N,1 ,31 SF ILL, 11, 12, 1,NMDD4-111, 1
N, 99,6.5 ,61, 100
N, 100 ,6.5 10, 100
C*" ELE1NENT CONNECTIVITIES

NAT.1 STYPE,l SREAL,3 TS4X4X.25
EN,1,1,311,99 $,311,311,2,99
EM,Z,2,321,99 S,321,321,322,99 SRP7,1,1,1 SEN,328,32~
EX,3,3,331,99 3,331,331,4,99
NAT,2 2
EN,12,9,391,100 S,391,391,10,100
EN,13,10,401,100 ,S,401,401,402, 100 -SRP3,1, 1,1 SEN,404,404
EN,14,11,411,100 S,411,411,12,100
co"
NAT,4 STYPE,2 ýSREAL,2 *L3X3X.25

EN,4,2,5
EN ,5,3,5
EN,6,6,5
coo.
KAT,3 STYPE,1 SREAL,4 *L3X3X.25

EN,7,2,365,100 S,365,365.,366, 100 1 'RP4, 1,1 1 .-SEH,369,36S
EN,8,6,375,100 1,3.75,375,376,100 SRP4,1,1,1 SEN,379,379
EN,9,7,405,100 S,405,405,406,100 SRP4,1,1,1 SEN,409,409
Coo.
MAT,4 STYPE,Z. SREAL,2 *L3X(3X.25

5, 1

0105,1

8,3,99

~, 11, i10

~,6, 100
~,7,100
~,10,100
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11.5.2 ANSYS Input (Cont'd)

151 -EX, 10,7, 8
152 EN,11,11,8
153 Cw"*
154 C"* SPRING (STIF4O)

* 155 TYPE,4 SREAL,8 'SPRING Y
156 EN,15,1,101
157 REAL,5
158 EN, 16,109,9
159 Cw"
.160 *C"' BOUNDARY CONDITIONS
161 C'"
162 D,1I,UX ... 9,8 ,UZ,ROTX 'SAL 7/12/91
163 D,4,UY ... 12,8 *SAL 7/15/91
164 D,101,ALL
165 D,109,ALL
166 C"'
167 C"' SPECIFY ROTATIONAL SPRINGS
168 PSPRING,1,ROT,12ZBZ,,2 *ROTY
169 PSPRING,1,ROT,23598 ...Z *.ROTZ

170 PSPRING,9,ROT,7475,,2 wROTY
171 PSPR ING, 9, ROT, 19965,.,,2 *ROTZ
172 Cw"
173 C"'! ANALYSIS OPTIONS
174 1 TER, -20,20
175 TREF,70
176 POSTR,,1,5
177 C"'* PLOT GEOMETRY AND BOUNDARY CONDITIONS
178 /SHOW
179 /PNLI, NODE, 1
180 EPLO
181 /SHR!N#,O.3
182 /PNU, NODE, -1
183 /PNLu,ELEN, 1
184 EPLO
185 /PBC,ALL,1
186 /PNLD4,ELEN,-1
187 EPLO
188 C"' LOADING CASES
189 C*" TEM4PERATURE LOADS "

190 'CREAT,MAC
191 TUNIF,ARG1
192 LWRITE
193 'END
194 C"'*
195 C"'* PEAK ACCEL.(G): N5=3.5. Et.13.25 VT=1.4
196 C"'* FACTOR: PIF=1.5
197 MMF-1.5 SGX=MKP3.5 SGY=MNF'3.5 SGZ#PIF'1.4
198 C"-

199 C-' DL+SSE XZ-PLAXE
200 C"- ACEL,-GX,O,GZ+1
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11.5.2 ANSYS Input (Cont'd)

201.
202
203
204
205
206
207
208
209
210

212
213
.214
215
216
217
218
219
220
221
222
223
224
W2

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

C-' -USE,1MAC,70

C*" 'DL+SSE YZ-PLANE
ACEL,,-GY,GZ~1 SAL 7/15/91
*USE MAC,70
D,101,UY,(1/32) *SAL 7/24/91

0, 109, UY, -1/32)
*USE,MAC,80
RP25,,10
'USE,MAC,327
C*"

FINISH
/INPUT,27
F INI SH
/POST1
/SHOW
NLINE .200
'VREAT ,PLD
SET ,ARG1
PRRFOR
PRDI SP
PLDISP
PLDISP,1
*END
*USE, PLD, 1
'USE,PLD,27
FIN ISH
C"'
/P05T26
LINE, 200
NUMVAR 5 0
TYAR, 1
ESTR,2, 1,53,TE1MP
-CREATE, STRN
ESTR,3,ARG1 ,215,EEO1
ESTR,4,ARG1 ,216,EP01
ESTR,5,ARG1 ,239,EEO5
ESTR,6,ARG1 ,2AO,EP05
ESTR,7,ARG1 ,263,EEO9

ESTR,8,ARG1 ,264,EP09
ESTR,9,ARG1,287,EE13
ESTR, 10,ARG1 ,288,EP13
PRVAR,2,3,4,5,6
PRYAR ,2, 7, 8,9,10
*END
C"*
'CREAT ,DSP
DISP,21,ARG1 ,UX,UX
0!SP,22iARG1,UT,UY
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11.5.2 ANSYS Input (Cont'd)

DISP,23,ARG1 ,UZUZ
PROD,24,21 ,ZI,,UXUX
PROD,25,22,22, ,UYUY
PROD,26,23,23, ,UZUZ
ADD,Z7,24,Z5,2-6,SS
SORT,28,27,, ,SRSS
PRVAR,2,21 ,ZZ,23,2B
*END

-USE,STRN,311
'USE,DSP,2
'USE,STRN,391
'USE, DSP, 10
C'.'

'USE,DSP, 1
'USE DSP .9
C'.'
'USE,STRN,7
-USE,DSP,365
'USE,STRN,365
-tJSE,OSP,366
*USE,STRN,366
'USE ,DSP ,367
'USE, STRN ,367
'USE ,DSP ,368
'USE, STRN ,368
-USE,DSP,369
'USE *STRN ,369
'USE,DSP,6
-USE,STRN,8
'USE ,DSP ,375
C'.'
-CREAT ,RFOR
RFORC,31,ARG1,FX,RFX
RFORC,3Z,ARG1 ,FY,RFY
RFORC,33,ARGI ,FZ,RFZ
RFORC,31,,ARG1 ,MX,RNX
RFORC,35,ARG1 ,MY,RKY
RFORC,36,ARG1 ,JZ,RMZ
PRVAR,31 ,32,33,34,35,36
*ENO
'USE ,RFOR, 1
-USE,RFOR,101
-USE,RFOR,413
'USE,RFOR,9
-USE.RFOR,109
'USE,RFOR,415
Ce"
-CREAT,ST40
ESTR,41 ,AG1 ,3,STRI
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ESTR,42,ARG1 ,4,STR2
ESTR,43,ARG1 ,5,Ul
ESTR,44,ARG1 ,6,UJ
ESTR,45 ,ARG1 ,7,SLIDE
ESTR,46,ARG1 ,8,STAT
ESTR;47,ARG1 ,9,OSTA
ESTR,48,ARG1 ,1O,KcaN
PRVAR,2,41 ,42,43,44
PRVAT,2, 45 ,46,47. 48
*END
-USE,ST4O, 15
-USE,,ST40,16
FIN ISH
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11.5.3 Analysis Results

The ANSYS output-for the analysis ."PR8G" is stored in'file "PR8GR". The analysis

results of the final load step (Load Step 27) are provided- in this Section.

The deformed structure is plotted -in Figure 11.5.3. 1. Note that the displacements in this

plot are magnified.

The reaction forces and the nodal displacements are provided in Sections .11.5.3. 1 and

11.5.3.2 respectively.

The stresses and strains for elements at the center portion of the proximity member

(elements 368, 369, 8, 375, 376, 377, 378_and 9), elements at the connections of the

proximity member and the supporting members (elements 7, 409, 311 and 391) are

presented in Section 11.5.3.3. The following explanations- are provided for the labels

shown in the stress and strain output.

TEMP:

SIGX:
EP:

EPPL:_

-Segment-Point Number, see- Figure 11.2.4 and Figure 11.2.3 for the

definition of segment points for cross-section of Angles and Structural

Tubings respectively.

Temperature

Axial Stress

Axial Elastic Strain

.Axial Plastic Strain

The. stress, and strain- results- from-.output: file".PR8GR": indicate that no. yielding -occurs

.in .the ,structure at the final .load,, step (temperature = -3270F). .
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Figure 11.5.3.1 Deformed Shape of the Model PR8G (Worst Case 2&3-8(G))

54

12.

-EYAL. F"t PfOZZUITY CASE SM. OW6 41119117-1. EL. 774 -4 .LOOP 4

AKSYS 4.3A

if 28 42

PLOT 90. 1

POSTI DISPL.

STEPv27

1TERv2S

NKX a.14497

D1ST-SI.)

TV -WI
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11.5.3.1 Reaction Forces

PRBG -EVAL. FOR PROXIMIT CASE 8M,) DUG 48W967-1, EL. 7741-0", LOOP 4

POST1 REACTION FORCE LISTING a

LOAD STEP 27 ITERATION= 20 SECTION= 1

TIMEz 0.0000 LOAD CASE= 1

THE FOLLOWING XDT,Z FORCES ARE IN NWAL COORDINATES

NODE FX FY FZ mx

1 .39634196 1.0985287 -9.2391064

4 -1.4231010
9 - .39634196 .70198716 4.0701865

12 2.5637629
101 0.0000000 -13.576338 0.0000000 0.0000000

109 '0.0000000 9.3864149 0.0000000 0.0000000

412 0.0000000

413 0.0000000

414 0.0000000

415 0. 0000000

TOTAL .5957723E-09 -3.0492608 1.8005159 -5.16a9198

MY

0.0000000
0.0000000
-18.173587
0.0000000

-7.6299577
0.0000000

-25.803545

NZ

0.0000000
0.0000000
0.0000000

-35.983550
0.0000000
8.5199924

-27.463557
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11.5.3.2 Displacemfents

PRBG-' EVAL. FOR .PROXIMITY CASE 8(G), DWG 48M967- 1, EL. 774' -0-, LOOP 4

SPOST1 MODAL DISPLACEMENT LISTING "

LOAD STEP 27 ITERATI ONz 20 SECTION= 1
TIME= 0.0000 LOAD CASE= 1

TH:FOLLOWI NG-X 0-Y,Z: -D ISPLACEMENTS ARE I N NODAL COORDINRATES

- Pa~kane I

MODE UX
0.0000000
.129080861-01
.74055557E-01
.844237731-01
.25123251E-01

- .33016237E-02
-.-14880760E-01
.27394063E-01
0.0000000
.11480626E-01
.46909213E-01
.54828151E-01
0.0000000
0. 0000000
.64810458E-02
'.20646289E-01
.28083961E-01
.35244084E-01
.42152762E-01
.48839218E-01
.553357801-01
.616773691-01
.67903961E-01
.79257584E-01
.154482381-01'
-.149501671-01
.120276021-01
.74202639E-02,

198714101E- 02
*- .85428536E-02
- .132443981-01

_-ý.168402571-01
-.187326281-01
- .18295885E-01
.57403588E-02

UT
.39735211E-01
.48526651E-01
. 15404434E-01
0.0000000
-.1884.3432E-02
.14584376E-01

- .12577200E-01

.87897620E-02
- .37116509E-01
-.38852437E-01
- .99846820E-02
0.0000000
.31250000E-01

- .31250000E-01
.44305174E-01
.51718618E-01
-.52711397E-01
.51680230E-01
.48820990E-01
.'.35018SE-01
.38504974E-01
.31543169E-01
'.23743262E-01
.78269974E-02

.31597790E-01
*.259361671-01ý
.26265392E-01

*. 10076225E-01
.55608949E-02
.10376654E-02.

- .349376521-0Y2
- .80327760E-02

Uz
0. 0000000

- .111639921-01
- .993249851-01
-. 11772844
-.53884352E-01

-. 13689831E-01
-.39494171E-02
- .35361194E-01
0.0000000
-.71859161E-02
- .32497120E-01
- .383851011-01
0.0000000
0.0000000

- .5226506SE-02
-.'19303362E-01
- .281054731-01
-. 37444992E-01
- .472D9073E-01
- .57297412-E-01
- .676222101-01
- .781081781-01

* .88925301-01
- .10852473
- .13626651E-01
- .156825061-01
-.168800581-01

169SWj.49E-01
1i5854246E-01

-. 10947024E-01
-.88722851E-02

- .66553873E-02
- .48695603E-02

2
3

6
7
8
9

10
11
12

101
109

321
'322
323
324
325
326
327
328
331
365
366
367
368
:369,
.375
376
*377
378.
379
391

ROTX
0. 0000000
.36137257E-03
.48770534E-03
.487708121-03
.298655231-03

- .3972926E-03
.16766035E-03

- .502371811-03
0.0000000

- .189426121-03
- .30593186E-03
- .30579107E-03
0.0000000
0.0000000

*. 18479263E-03
.I38848481E-03
.41134.889E-03
.430379101-03
.44599391 E-03
.45861539E-03
.468668691-03
.476581481-03
.482783351-03
.48775575E-03

'.39741692E-03
.306098631-03
.13408415E-03
-.715637871-04-

.575374451-ý03
- .67182795E-03
.-:.66537303E-03'
.-.53574851E-03
- .26393645E-03
- .94937338E-04

ROTY ROTZ
.147969281-02 .15248559E-02
.186137421-02 .131094381-02
.25527004E-02 - .18518054E-02
.25552903E-02 - .19936275E-02
.25305078E-02 - .93839907E-03
.26325591E-02 -. 146851351-02
.185145101-02 .13475793E-02
.17421180E-02 .13634989E-02
.10207301E-02 -. 42674643E-03
.11666963E-02 .16937171E-03
.130541601-02 .214260741-02
.130592921-02 .225126651-02

0.0000000 0.0000000
0.0000000 0.0000000
.16941518E-02 .17165543E-02
.203721411-02 .74979192E-03
.21812414E-02 .22919839E-03
.22964827E-02 - .24575007E-03

-. .23859625E-02 - .66996523E-03
.24527039E-02 - .10383571E-02
.24997285E-02 - .13458333-02
.253005681-02 - .15872992E-02
.25467079E-02 - .17576569E-02
.255496651-02 -. 195762381-02
.310270661-02 '-.422493561-03

*.395898561-02 -.-:338059531-03
.43826839E-02 - .938426481-03
.43283124E-02 -.-. 13469647E-02

-. 37556682E-02 -- 15332264E-02
-.339564181-02 .- .146442991-02
I.38022357E-02 - .12886460E-02

.-.38485915E-02..-' .929318881-03
.35351892E-02' -*.375932781-;03
.2866647SE-02 .380554401-03
-.110852"4E-02 -'.33551520E-03

Sheet_/qc'0 fo2_Z$o
AR Dept. No. NR

- .384693181-01 -..34743046E-02

Structures - Package I
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11.5.3.2 Displacements (Cont'd)

.18570879E-01

.25658979E -01

.32744463E-01

.39827616E-01
-. 1063139SE-01

* .5370934BE-02
.1638491 1E-03
..526367008-02
.92-5041538-02
.50868817E-01

- .36779838E-01
-. 32301187E-01
-.25979460E-01
-. 1836282SE-01,
-. 169"4178E-01
- .21314482E-01
.-. 25689379E-01
-;.30070219E-01

- .34"57897E-01
-.50535082E-02

-. 11978972E-01
* .16963066E-01
- .22077421E-01
-. '27269923E-01
- .51555064E-02

-.64280665E-02
- .74725787E-02
- .80530705E-02
- .79947316E-02
- .35"40848E-01

- .21241367E-03
- .23556191E-03
- .25886611E-03
-.28232333E-03
.31905819E-03
.36174752E-03
..31339070E-03

.18292050E-04
- .30582626E-03

0.0000000
0. 0000000
0.0000000

* 122260Z5E-0Z
.12622611E-02
.12878392E-02
.13015025E-02
.24671 846E-02
.27714307E-02
.277425688-02
.249207a8E -02
.19471157E-02
.13058650E -02
0. 0000000
0. 0000000

0.0000000
0.0000000

.841321088-03
-.13709242E-02
.17618811E-02
.2017BB20E-02
.17345572E-02
.18735 131E-02
.177458458-02
S144913288-02

.909599858-03

.22242103E-02
0.0000000
0. 0000000
0.0000000
0.0000000
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11.5.3.3 Stresses and Strains

1'
432.i
5 L.........'~

-T

PR8G - EVAL. FOR PROXIMITY CASE 8(G). DUG 48N967-1, EL. 774'-0", LOOP 4

***ELEMENT STRESSES **** TIME z 0.00000 LOAD STEP= Z7 ITERATION: 20 CUIM. ITER.= 81

NODES: 368 369 MAT:
TEMP SIGX

327.00 -5.9924
327.00 -'8.*2365
327.00 -10.481
327.00 -11.972
327.00 -10.962
327.00 -94"35
327.00 -7.9246
TEMP SIGX

327.00 -9.2488
327.00 -9.7400
327.00 -10.231
327.00 -10.557
327.00 -9.7264
327.00 -8.4758
327.00 -7.2251

MEMBER AT NODE 368 1
369-

EL= 368
END I PT

2
3
4
5
6
7

END J PT

2
3
4
5
6
7

FORCES ON

EL= 369
END I PT

2
3
4
5
6
7

END J PT

2
3

.4
.5
6
.7

FORCES ON

6 MAT:
SIGX

*9.2508
-9.7406
-10.230
-10.556
-9.7256
-8.4760

.SIGX
-12.688
-11.223
-9.7588
-8.7858
-8.3549
-7.7066
-7.0583
X3E 369

6-

3 PRESSURES(Z,Y)- 0.0C

33.6061
13.50&5

EP
-.0002187
-.0003006

- .0003825
- .0004369
-. 0004001

.0003447
-.0002892

EP
-.0003375
-.0003555

.0003734
- .0003853
-.0003550
- .0003093
- .0002637

.502022
- .461356

EPPL
0.00000(
0.00000(
0.00000c
0.O00000
0.00000(
0.00000C
0.00000C

EPPL
0.00000(
0.00000c
0.00000c
0 .000003
0.00000(
0.00000
0.00000(

3 PRESSURESCZ,Y)= 0.01
EP

- .0003376
-. 0003555
- .0003734
- .0003853

.'0003549
-.0003093
- .0002637

EP
.0004631

- .0004096
- .0003562
..0003206
-.0003049
-..0002813
.-.0002576

13.5086
13.4109

EPPL
0.000001
0.000003
0.00000I
0. 000001
0. 000003
0. 000003
0. 000001

EPPL

0. 000003
0. '000003
0.000001
0. 000003
0.000001

S0'.000003
'.459281

- .418595

300 0.00
EPCR

300 0OOO
30 0-.O0OO0C
00 0.000000
00 0.000000
00 0.000000
00 0.000000
30 0.000000

EPCR
30 0.000000
30 0.000000
00 0.000000
30 0.000000
30 0.000000
00 0.000000
30 0.000000
-. 143542

.184345

000 0.00
EPCR

00 0.000000
00 0.000000
00 0.000000
00 0.000000
30 0.000000
00 0.000000
00 0.000000

EPCR
30 0.0O00000
00 .0.00000C
30 0.00000C
00, .0.00000(
00 0.00000C
30 '0.000O00
300 '.00

-.186900
.227652

100 AVE. TEMPx 327.00
EPSW

30 0.0000000
10 0.0000000
30 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
30 0.0000000

EPSW
10 0.0000000
10 0.0000000
30 0.0000000
10 0.0000000
30 0.0000000
30 0.0000000
10 0.0000000
- .245830E-01 1 .22088

.658175E-01 -. 565105

300 AVE. TEMP= 327.00
EPSW

30 0.0000000
30 0.0000000
30 0.0000000
30 0.0000000
30 0.0000000
30 0.0000000
30 ý0.0000000

EPSW
30 0.0000000
30 -0.0000000
30 0.0000000
30 0,0000000
30 0.0000000
30 .0.0000000

30- 0.'0000000
-;68003BE-01 .564340
.109259 .264764

NODES: 369
TEMP

327.00
327.00
327.00
327.00
327.00
327.00
327.00-
TEMP

327.00
327.00
327.00
327.00
327.00
327.00
'327. 00

MEMSERt AT N

.941094

.985662

-. 98603
2.74178
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11.5.3.3 Stresses and Strains (Cont'd)

E L" 8 *NODESz
END I PT TEMP

1 327.00
2 327.006
3 327.00
4 327.0
5 327.00
6 *327.00
7 327.00

END J PT TEMP
1 '327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00

FORCES ON MEB8ER AT

6 375 MAT=
SI OX

-9.1538
-9.8823
- 10. 611
-11.095
-9.7735
-7.7B46
-5.7957

SIGX
-11.753
-10.933
-10.113
-9.5676
-8.6870
-7.3616
-6.0363

MODE 6
.375-

3 .PRESSURES(Z,Y)= 0.0000
EP

-. 0003341
- .0003607
- .00 03873
- .0004049
- .0003567
- .0002941
-.0002115

EP
- .0004289
- .0003990
- .0003691

.0003492
- .0003170
-. 0002687
- .0002203

13.3471
13.2698

EPPL
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

EPPL
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

0.00
EPCR

0.0600000
0. 000000
0.000000
0. 000000
0.000000
0.000000
0. 000000

EPCR
0. 000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

.378896 -.210537
-.346670 .242787

00 AVE. TEMP= 327.00
EPSW

0 0.0000000
0 0.0000000
~0 0.0000000
0 0.0000000
0 0.0000000
,0 0.0000000
'0 0.0000000-

EPSW
0 0.0000000
rO 0.0000000
'0 0.0000000
0 0.0000000
10 0.0000000
10 0.0000000
~0 0.0000000

.923629E-01 .881651
- .596861E-01 - .163888

ELm 375 .MODES: 375. 376 M4AT=
END!I PT ' TEMP SIGX

1 327.00 -11.749
2 327.00 -10.932
3 327.00 -10.114
4 327.00 -9.5712
5 327.00 -8.6888
6 327.00 -7.3609
7 327.00 -6.0330

END J PT TEMP SIGX
1 327.00 -14."47
2 327.00 -11.964
3 327.00 -9.4818
4 327.00 --7.8323
5 327.00 -7.5246
6 327.00 .-7.0616
7 327.00 -6.5986

FORCES OWNMEMBER AT.NODE 375 1
376 -1

3, PRESSURES(ZY)u 0.0000
EP

- .00042388
- .0003990
-.0003691

- .0003493
- .0003171

.0002686
-. 0002202

EP
- .0005272

--.0003461
-. 0002858
- .0002746

.0002577
-. 0002408

3.2698
3.1926

..343911
-.3 11721

EPPL
0.0000000
0.0000000
0.0,000000
0.0000000
0.0000000
0. 0000000
0. 0000000

EPPI.
0. 0000000
0. 0000000
0. 0000000
0 0000000
0. 0000000
0.0000000
0. 0000000

EPCR
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

EPCR
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

.0.0000000

EPSW
0.0000000
0.0000000
0. 0000000

0. 0000000
0. 0000000
0. 0000000
0. 0000000

EPSW
:'0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

-. 243050 '.568193E-01
.275316 - .2417BBE-01

-1.63554
2.78436

0.0000 AVE. TEMP= 327.00

.165583

.655162
-2.7B427
3.8M25



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

Chkd. by J9 Date__________l OFS No.

Sheet_/ C 4of .73

NR - Dept. No. NR

Client TVA

,Proj ect WBNP Unit 1

-Subject Cualif. of ,Worst -Cases of Thermally -Restrained -Structures'- Packa~e` I1

11.5.3.3 Stresses and Strains (Cont'd)

EL;_ 376 -NODES- 376
END I PT TEMP

1 327.00
2 327.00'
3 327.00
4 327.00
5 327.00
6 327.00
17 '327.00

END J1 PT TEMP
1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.,00

FORCES ON MEMBER AT NI

377 MAT=
SI GX

-14.".5
-11.964
-9.4829
-7.8343
-7.5256
-7.0611
-6.5966

S1GX
-17.2.22
-12.972
-8.7230
-5.8994
-6.2923
-6.8835
-7.4747
ODE 376 1

377 -1

3- PRESSUJRES(ZY:
EP

- .0005272
- .0004366
* .0003461
- .0002859
- .0002747
- .0002577
ý-.0002408

EP
.0006285

-.-0004734

- . 000318a4
-.0002153
- .0002296
-.0002512
- .0002728

3. 1927
13.1154

EPPL
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0. 000000

EPPL
0. 000000
0.000000
0.000000
0.000000
0.000000
0. 000000
0.000000

.308092
- .275931

'00 '0.000
EPCR

10 0.0000000
10 0.0000000
0 0.0000000
10 0.0000000
0 0.0000000
10 .~0.0000000
10 0.0000000

EPCR
10 0.0000000
10 0.0000000
0 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
-.273192
.30547B

10 AVE. TEMP= 327.00
EPSW

I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000

EPSW
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000
I 0.0000000

.209023E-01 - .654213

.117088E-01 1.57044

EL= 377 NODES= 377 378 MAT
END I PT TEMP SIGX

1 327.00 -17.223
2 327.00 -12.973,
3 327.00 -8.7226
4 327.00 -5.8984
5 327.00 -6.2919
6 327.00 -6.a840
7 327.00 -7.4760

END J PT TEMP SIGX
1 327.00 -20.059
2 327.00 -13.951
3 327.00 -7.8435
4 327.00 -3.7a47
5 *327.00 -4.9985
6 327.00 -6.8252
7 327.00 -8.6518

FORCES ON MEMBER AT NODE 377
378.

3 PRESSURES(Z,Y)= 0.0000
EP

-. 0006286
-. 0004735
- .0003183
- .0002153
-.0002296
-.0002512
- .0002728

EP
-.0007321
- .0005092
-.0002863
-.0001381
-.0001824
- .0002491
-..0003158

EPPL
0 .0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

EPPL
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

0.0000
EPCR

0.0000000

0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

0. 0000000

0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

AVE. TEMP=m 327.00
EPSW

0 .0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
EPSW

0. 0000000
0.0000000
0.0000000
0. 0000000
0'.0000000
0. 0000000
0.0000000

-.300677 -. 149678E-01 -1.-57098
.332986 .. 475572E-01 2.57428

-3.82255
4.74726

13.1156
- 13. 0383

.271517
-.23937B

74.74715
5.55607
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BRANCH/PROJECT ID: WCG-1-969

BY D ateI l-

Chk. ~Date______ OFS No.

Sheet_/ 9 &SofZ-3

NR - Dept. No. NR

Project WBNP Unit 1

Subject - ualif. of Worst-Cases of Thermally Restrained Structures - Package I

11.5.3.3 Stresse and Strains (Cont'd)

-ELz 378 MOOESz 378
END I PT TEN4P

1 327.00
2 327M00
3 327.00
4 327.00
5 327.00
.6 327.00
*7 327.*00

END J PT TEMP
1 327.00
2 327.00

3 327.00
4 327.00
5 327.00
6 327.00
7 327.00

FORCES ON MEMBER AT MC

379 KATz
SI GX

'20.064
*13. 952
'7.8407
3. 7796
*4. 9963
*6.8274
'8.6585

SIOX
'22.939
*14 .895
-6.8513
'1.5061
*3.6531
-6.8W4
'10.115
ME 378

3 PRESSURES(Z,Y:
EP

-.0007323
-.0005092
.0002862
-.0001379

- .0001823
-.0002492
-.0003160

EP
- .0008372
.0005436
.0002500
-.0000550
.0001333
-.00025 12
-.0003692

13.0386
12.9613

)a 0.00
EPPL

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0. 000000

EPPL
0. 000000
0. 000000

0.000000
0.000000
0. 000000
0. 000000
0. 000000

.234266
- .202140

00 0.0000
EPCR

0 0.0000000
10 0.0000000
10 .0.0000000
'0 0.0000000
'0 0.10000000
10 0.0000000
10 0.0000000

EPCR
0 0.0000000
10 0.0000000
0 0 0.C0000-000
0 0.0000000
10 0.0000000
10 0.0000000
'0 0.0000000
-.325240 -.5
.357581

AVE. TEMP= 327.00
EPSW

0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

EPSW
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

03804E-01
12"62E-01

-2.57690
3.65803

ELz 9 NWOES= 7 l 405 MAT=. 3 PRE
END I PT TEMP SIOX

1 327.00 -17.168 -.0
2 327.00 -12.099 .
3 327.00 -7.0300 -.0
4 327.00 -3.6618 - .0
5 327.00 -5.0464 -. 0
6 327.00 -7.1300 -. 0
7 327.00 -9.2136 - .0

END J PT TEMP SIGX
1. 327.00- 12.908 -. 0
2 327.00 -10.329 -. 0
3 3Z7.00 -7.7507 -. 0
4 327.00 .-6.0371 -.

5 :327.00 -6.6560 -.,0
6 327.00 -7.5874 - .0
7 327.00 -8.5187 - -.0

FORCES ON MEMBER AT MME 7 12.1127
405 -12.0395

SSURES(Z,Y)n .0.0000
EP
'006266
004416
002566
001336
001842
1002602
003363
EP
004711
003770
002829
002203
1002429
002769
003109

EPPL
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

EPPL
0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

0. 0000
EPCR

0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000

EPCR
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

-'.'563493 ..4092-72
* .593929 - .37B551

AVE. TE4P= 327.00
EPSW

0.0000000'
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

EPSW
0. 0000000
0. 0000000
0. 0000000
0.0000000
-0.*0000000
0.* 0000000
0. 0000000

-'801966E-01 .- 2.32056 , -3.87408
-. 49348-01 1.13883 2.13795

-5.55496
6.24594



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

Date, 9i'fvo/Oif

Chkd. by2- ( Date______

Sheet. /96 of 23
OFS No. NR - Dept. No. NR

Proj ect WBN~P Unit 1

xum 'tlL.L* tJ. w v~ - l. *..aac t.J. *1.LUIQJ. V X= 2.m flL =C' .tJ.. ý t _t.. = mu-s.4c

11.5.3.3 Stresses and Strains (Cont'd)

'ELm 7 NWOESu
END!I PT TEMP.

1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00

END.J PT TEMP
1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00

FORCES OM PMEMER AT

2 365 -MAT=
SZOX

4.7572
-2.2015
-9.1602
-13.784
-14.371
-15.254
-16.137

STGX
2.4548

-3.6960
-9.8467
-13.934
-13.767
-13.515
- 13.264

MODE 2 1
365 -1

3 PRESSURES(Z,Y)= 0.0000

EP
-.0001736

- .0000803
- .0003343
- .0005031
- .0005245
-.0005567
- .0005890

EP

.0000896
- .0001349
- .0003594
- .0005085
- .0005024
- .0004933
- .0004841

3.9972
3.8996

EPPI
0. 0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

EPPL

0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0.0000000

.650539
- .609908

0.0000
EPCR

0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

EPCR
0. 0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0. 0000000

AVE. TEMP= 327.00
EPSIJ

0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

EPSIJ

0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0 .0000000

.469652E-01 .118505 1.97115
- .602864E-02 - .773061E-01 -2.07714

10.1769
-7.65597

.ELz 409 4NWES- 409
END I PT TEMP

1 327.00
2 327.00 -

3 327.00 -

4 327.00 -

5 327.00 -

6 327.00 -

- 7 327.00 -

END J1 PT TEMP

1 327.00
2 327.00 -

3 327.00 -

4 327.00 -

5 327.00 -

6 .327.00

7 327.00 -

'FORCES OWNMEMBER AT NOI

.10 MAT- 3 PR
SI CX

3.2195
3.1194
9.4583
13.670 .

12.398 .

10.482 -.

8.5664 .
SIGX

6.9271
1.3151 .
9.5573
15.034
13.615
11.479
9.3426-
OE 409 11.7472

10 '-11.6740

ESSIJRESCZ,Y)u- '0.0000
EP

0001175
0001138
0003452
0004989
0004525
0003826
0003126
EP

0002528
0000480
0003488
0005487
0004969
0004189
0003410

EPPL
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

EPPL
.0.0000000
0. 0000000
0. 0000000

* 0.0000000
" 0. 0000000
0. 0000000
0. 0000000

.743188

0.0000
EPCR

0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

EPCR

0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

S.245011
- .214377

AVE. TEMP. 327.00
EPSW

0. 0000000
0.0000000

*0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

EPSW
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000

- .666244E-01 2.67808
.97226-01 -3.36716

5.74040
-7.92425

.c , .1-% b.. 11 1 Ic .9 tj 4-j Wý



EBASCO SERVICES INCORPORATrED

BRANCH/PROJECT ID: WCG-1-969

.Chkd.,,by J L,21 Date ~ / v~/ OFS No.

* Sheet- / ý7 of Z30
NR - Dept. No. NR

-Client TVA

P-roject WBNP Unit 1

Subject Cualif. of Worst Cases of Thermally Restrained Structures - Package I

11.5.3.3 Stresses and Strains (Cont'd)

61

7 ~14-

Eta 311 N00ESZ 311
END I PT TEMP

1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00
8 327.00
9 327.00

10 327.00
11 327.00
12 327.00
13 327.00
14 327.00
15 327.00
16 327.00

ENDO.J PT TEMP
1 327.00
2 .327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00
8 327.00
9 327.00

10 327.00
11 327.00
12 .327.00
13 327.00
14. 327.00
15 327.00
16 327.00

FORCES'ON MEMBER AT NC

2 MATz
SI OX

4.3959
3.5589
2.7220
1.8851
1.0481
-.63618
-2.3205
-4.0048

-5.6891
4.8521

-4.0152
-3.1782
-2.3413
- .65698
1 .0273
2.7116
SIGX

12.973
7.14m0
1.9577
*3.5049
'8.997
'10.313
11.629
12.945
14.261
8.7687
3.2761
2.2165
7.7091
9.0251
10.341
11.657
DE 311 2

2 -2

1 ,PRESSURES(ZT)z 0.0000
EP

.0001604

.0001299

.0000993
.0000688
.0000383

-. 0000232
-.0000847
* .0001462
* .0002076
-. 0001771
- .0001465
-.0001160
- .0000054
- .0000240

.0000375

.0000m9
EP

.0004735
*.0002730
.0000725

- .0001279
- .0003284
- .0003764
-.0004244

-. 0004725
- .0005205
-.0003200
- .0001196
.0000809
.0002814

.0003774

.0004254
.42467
.41577

EPPL
0. 0000000
'0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000

0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000

EPPL
0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
-0.0000000
,0. 0000000,

-13.3031 1.06774
13.2"42 -1.03256

0.0000
EPCR

0.0000000
0.0000000
0.0000000
.0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

EPCR
0.0000000

0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0 .0000000

0.0000000

AVE. TEMP= 327.00
EPSW

0. 0000000
0 .0000000
0.0000000
0 .0000000
0.0000000
0. 0000000
0.0000000
0.0000000

0.0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000

EPSW
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000

-6.34308
6.34308

-15. 7902
12.3371

7.84635
-51.4932



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

Chkd. b Da t e ý12 OFS No.

Sheet_/ 9ý kof ý,3

NR Dept. No. NR

-,Project, WBNP Unit 1

.u.JJ=

11.5.3.3 Stresses and Strains (Cont'd)

ELz 391 NWDESm 391
END I PT -TEMP

1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00
8 327.00
9 327.00

10 327.00
11 327.00
12 327.00,
13 327.00
14 327.00 -

15 327.00
16 327.00

END J PT TEMP
1 327.00
2 327.00
3 327.00
4 327.00
5 327.00
6 327.00
7 327.00
8 327.00
9 327.00
10 327.00
11 327.00
12 327.00
13 327.00
14 327.00
15 327.00 -

16 327.00 -

FORCES ON -MEMBER AT NO

10 MAT.
STGX

~3.4490
*1.0966
1.2559
3.6083
5.9608
5.3859
4 .8111
4.2362
3.6613
1.3089
'1.0436
3.3960
'5.74a5
'5.1736
'4.5988
'4.0239

SI GX
10.463
4.8336
.79603
6.4257
12. 055
11.710
11.365
11. 021
10.676
5.0459
.58375
6.2134
¶11.843
11.498
11 .153

10.808
DE 391

10

2 PRESSURESCZ,Y)z
EP.

- .0001259
.0000400
.0000458
.0001317
.0002175
.0001966
.0001756
.0001546
.0001336
.0000478

- .0000381
- .0001239
-.0002098
-.0001888
.0001678
.0001469

EP
-.0003819

- .0001764
.0000291

-. 0002345
.0004400
.0004274
.0004148
.0004022
.0003896
.0001842

- .0000213
-.0002268
.0004322

- .0004196
.0004070

- .0003945
398057
398032

0.0000
EPPL

0. 0000000
0. 0000000
0.0000000

'0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0.0000000

EPPL
0.0000000
0.0000000
0.0000000
0 .0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000

ý9.43107
-9.47586

0.0000O
EPCR

0.0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0.0000000
0.0000000

EPCR
0.0000000
0.0000000
0. 0000000

- 0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000

.676431

.649990

AVE. TEMP= 327.00
EPSW

0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0. 0000000

EPSW
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000

.4.06414
-4.06414

-5.38930 '-22.0543
3.23387 52.7730

I r% . C mv, I I Z--4-;"-A D-ka e Ia.. Vý 4- '1 ; -r 1C.- w 4-



EBASCO SERVICES INCORPORATED

BRANCH/PROJECT ID: WCG-1-969

7y.....AA...... Date '9/WqL1 I Sheet I of____6

Chkd. b Date-/ 0OFS No. NR Dept. No. NR

ý-Client TVA

-Project WBNP.Uni.t 1

Subject Qualif. of Worst Cases of Thermally Restrained Structures -,Package I

11.5.4 Member Qua~lfcation

As presented in Section 11.5.3, the stress and strain results of the analysis indicate that

no yielding occurs in all elements at the final temperature step (temperature= 327 0F).

Therefore, the ductility ratio at any node of the proximity member or the supporting

members is less than 1. Note, that the ductility ratio is defined as the ratio of the final

.displacement to the yield displacement.

Per DG-C 1.6.12, Appendix D, the members of worst case 2&3-8(G) are qualified.
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11.5.5 Connection and Anchorage Qualification for Worst Case 2&3-8(G)

11.5.5.1 Connection Qualification for Worst Case 2&3-8(G)

The connections at nodes 2 and 10, as well as the connections at support nodes 1 and 9,

are evaluated. The evaluation of connections are documented in the next four sheets.
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11.5.5.2 Anchorage Qualification for Worst.Case 2&3-8(G)

For shear loading, the 1"0' Wedge Bolts are accepted by comparing the displacement at

the anchorage to the displacement allowable per Design Guide DG-C 1.6.12 Ri. The

displacement allowable is 0.2D (0.2 * bolt diameter) for ductile anchors (The Wedge

Bolt is ductile in shear per DG-C1.6.12 RI). As shown in Section 11.5.3.2, the

maximum Y-displacement at support occurs at node 1 (0.0397").

0.0397" < 0.2D = 0.2 * 1"1 = 0.2" O.K.

A Baseplate II analysis is performed using the results at node 1 obtain the tension in the

anchor bolts. Note that the reaction at node 1 envelop the reactions at node 9. The input

and output of the Baseplate HI analysis are presented in Table 11.5.5.2. 1. The maximum

tension is 4.689 kcips. The tension allowable is obtained from Table 5 of DS-C1 .7.1 for

the 1 " Wedge Bolts.

4.689 kips < Tension Allowable = 5.20 kips O.K.

...-No G-32 violation is identified for -the. anchorages. at. nodes, 1 and.9',pert Calc. W.CG-.1-790

RO, Section 11.6.
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Table 11.5.5.2.1 BASEPLA'Th II Input and Output for Anchorage at Nodes 1

orf i 4d - 5 1P ýSý f Z )

3 B1PR8G-NOOE 1; SURF.*MOUNT. PLATE; 48W967-1
OUT ,,,-1,100/
CON ....,3000,1.7,1.7/

APR 4,4,1,4,4,.25,.25/
BPR ,l1,.4E6,1.OE6/
SOL 4,5,1,3.25,4.75/
SOL 12,5,1,10.75,4.75/
SOL 4,12,1,3.25,12/
BOL 12,12,1,10.75,12/
END /
TUB 8,11,1,7,11.5/
END /
PO1 8,11/
LOA ,,1,13580,-1100,0,18170.,35980,9240/
END /
END OF JOB

* B1PR8G-NODE 1; SURF. MOUNT. PLATE; 48W967-1

BO0L T LO0AD S

LINE 'LINE 'NODE -X-SHEAR `Y-SHEAR SRSS - -TENSION
----------------------------------------------------------

2234.
2239.
4554.
'553.

842.
-1385.

795.
-1352.

2387.
2633.
4623.
4750.

818.
0.

.4689.
353.

( V-eý -, TnFLAk ý' a I pp- 0 6f ;
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11.6 Qualification of Worst Case 5-7

11.6.1 Mathematical Model (HLDO7)

The ANSYS model HDO7 is shown in Figure 11.6.1.1. This model considers the

continuous member (C~xl 1.5) with Header Restraints. The member is welded to

embedded plates at six (6)-locations. ANSYS STIF24 elements (3-D thin-wall plastic

beam elements) are used to simulate this member. Temperature dependent material

properties, -as, described in Section 11. 2, are used.

Boundary Condition

The modeling of boundary condition is based on information obtained from WCG-1-830*
(Walkdown) and WCG-1-964 (Evaluation of Embedded Plates for Platforms). Support

nodes 1 and 6 are modeled as pinned connection and support nodes 2 through 5 are

moment connection. ANSYS STIF14 elements (Spring elements) are specified at nodes
1 through 6 to simulate the shear stiffness of the concrete anchor bolts in X direction.

'The anchorage information is obtained from Drawings 48N1219-2 and 48NI219-3 (Plate

MK 8W). There are four (4) 5/8"0 Welded Studs at support nodes 1 and 6; Six (6) 5/8"
Weld Studs at support nodes 2 through 5. The shear stiffness of the anchor bolts are

obtained from Calculation CSG-91-0003. 600 k/in per Weld Stud is considered as the
shear stiffness for the STIF14 spring elements. Nodes 101 through 106 are defined at
the same locations of nodes 1 through 6 as the support nodes for the-spring elements.-

.Loading Condition

There is no attachment on the member. per caic. WCG- 1-830- (Walkdown. package). .-SSE
loads are applied using the equivalent static approach. Since the member (welded to
embedded plate) is against the concrete wall, the XZ-SSE (combination of SSE loads of

W2.1 I.
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X and Z (vert ical) directions) is considered as the SSE load in the model. Dead weight

(DL) of the member is combined with the XZ-SSE loads followed by. incremental

temperature steps from 70*F (Ambient Temperature) to 210"F (Accident Temperature).

The ANSYS input file is presented in Section 11.6.2.

. 1
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11.6.2 ANSYS ]Input

SANSYS I NPUT DATA L IST ING (F ILE 18)

1 /PREP7
2 /TITLEiHDO7 - EVAL.. FOR HEADER RESTRAINT CASE 5-7, 48N1210-16, EL. 7131-0O"
3 ICON
4 ICON BRANCH/PROJECT ID = WCG-1-969
5 /CON
6 ICON PREPARED BY SAL 8/26/91
7 ICON CHECKED BY J. OU 8/26/91
8 ICON
9 /CON INPUT = HDO7

10 /CON OUTPUT = HD07R
11 /CON FILE12 =HD07F
12 /CON PLOT = HD07P
13 /CON
14 C** ANSYS ANALYSIS OPTIONS AND REFERENCES TEMPERATURE
15 KAN,O
16 TREF,70
17 KAY, 6, 1
18 KNL,1
19 C* t *
20 C** ELEMENT TYPE AND MATERIAL PROPERTIES
21 ET,1,24 ...... 1
22 C-** ET,1,4 .....
23 ET,2,14,,l
24 EX,1,29000
25 ALPX,1,6.5E-6
26 DENS,1,1.531E-3 *CaX11.5

27 MPTEMP,1,70,100,200,300,400
28' MPDATA,EX,1,.1;29.OE3,28.9E3,28.3E3,27.9E3,27.4E3
29 MPDATA,ALPX,1,1,6.50E-6,6.50E-6,6.50E-6,6.67'E-66.a6E-6
30 NL,1,13,10
31 NL,1,19,70,100,200,300,400
32 NL,1,25,36,36.O,36.O,36.O,36.O
33 NL,1,31,150,150,150,150,150
34 C***
35 C** MEMBER CROSS SECTIONAL PROPERTIES
36 C-- R,1,3.38,1.32,32.6,8.00,2.26, *CBX11.5

37 C**
38 C*" CHANNEL REAL CONSTRANTS
39 C**
40 *CREAT,RCHA
41 CF=ARG1
42 TCF=ARG2
43 CO=ARG3
"4 TCW.=ARG4
45 XBR=ARG5
46 XO=(TCW/2)-(XBR)
47 CC=CF-(TCW/2)
48 DD=(CD-TCF)/2.
49 QC=CC/2
50 WD=DD/2
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11.6.2 ANSYS ]Input (Cont'd)

51 CC=CC+XO
52 QC=-QC+XO
53 *STAT
54 C***
55 R,ARG6,CC,DD,O,QC,DD,TCF
56 RPMORE,XO,DD,TCF,XO,QD,TCW
57 RMORE,XO,O,TCW,XO,-QD,TCW
58 RMORE,XO,-DD,TCW,QC,-DD,TCF
59 RMORE,CC,-DD,TCF
60 *END___

61 *USE,RCHA,2.26,O.39,8,O.22,
62 C**
63 R,2,(600*6)
64 R,3,(600*4)
.65 C***
66 C*** NODES AND COORDINATES
67 C*_______

68 N,1,0,0
69 N,2,93.50,0.00
70 N,3,190.00,0.00
71 N,4,289.50,0.00
72 N,5,409.00,0.00
73 N,6,477.50,0.00
74 N,501,0,0,100
75 NGEN,2,100,1,6,1
76 C**
77 FILL,1,2,5,11,1
78 FILL,2,3,5,21 ,1
79 -FILL,3,4,5,31,1
80 FILL,4,5,6,41,1
81 FILL,5,6,3,51,1
82 C***
83 C*** ELEMENT CONNECTIVITIES
84 MAT,1 STYPE,1
85 REAL,1
86 E,1,11,501 SE,11,12,5O1
87 E,2,21,501 SE,Z1,22,501
88 E,3,31,501 SE,31,32,501
89 E,4,41,501 SE,41,42,501
90 E,5,51,501 SE,51,52,501
91 C***
92 TYPE,2
93 REAL,3
94 E,101,1
95 REAL,2
96 E,102,2
97 RP4,1,1
98 REAL,3
99 E,106,6

100 Ctm*

0.571,1

*S

SRP4, 1,1
SRP4, 1 , 1
SRP4, 1,1
SRP5,1,1
SRP2, 1,1

* CSX11.5

PRING STIFFNESS FOR 6 ANCHOR BOLTS
PRING STIFFNESS FOR 4 ANCHOR BOLTS

SE,15 ,2, 501
SE, 25 ,3, 501
$E,35 ,4,501
SE, 46,5,501
SE ,53,6, 501
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101 C** BOUNDARY CONDITIONS
102 NSEL,,1O1,106
103 D,ALL,ALL
104 NALL
105 D, 1,UY ... 6,5 ,UZ
106 0, 2,UY ...,5,1 ,UZ,ROTX,ROTY,ROTZ
107 C***
108 C** PLOTS - GEOMETRY W/B.C.
109 /SHOW
110 /PNUM,NOOE,1
111 EPLO
112 /SHRINK,O.3
113 /PNUN, ELEM, 1
114 EPLO
115 /PBC,ALL,1
116 EPLO
117 C*** OPERATION OPTIONS
118 ITER,-20,20
119 POSTRf,,f,_5
120 C*t *
121 C.*** LOADING CASES
122 -*CREATEMTEM4
123 -TUNIFARG1.
124 LWRITE
125 *END
126 C***
127 C***
128 C*** SEISMIC 4% PEAK SSE ACC.(G): NS=1.4, EW=1.65, VT=O.38
129 C** FACTOR: N4F=1.5
130 P4MF=1.5 SGX4II4F*1.4 SGY=MNF*1.65 SGZ=MMF*0.38
131 C*** DL+SSE-XZ
132 ACEK~L_,Pý_,GZ41
133 C'**
134 *USE,MTEJ4,70
135 *USEHMTEM,140 -
136 RP8,,10
137 AFIJRITE,,1
138 FINISH

139 /INPUT,27
140 FINISH
141 /PQST1
142 *CREAT,M4AC
143 SET,ARG1
144 PRRFOR
145 PRDISP
146 PLOISP
147 PLDISP,1
148 *END
149 /PBC,TDIS,1
150 /USER

-151 /FOCUS,,234.75,,50
152 /DIST,,290
153 *USE,MAC,1
154 *USE,NAC,Z

156 FINISH
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11.6.3 Analysis Results

The ANSYS output for the analysis "HDO7" is stored in file "HDO7R". The analysis

results of the'final load step (Load Step 9) are provided in -this Section.

The deformed structure is plotted in Figure 11. 6.3. 1. Note that the displacements in this

plot are magnified. The maximum lateral displacement occurs at node 12.

The, reaction, forces'and the, nodal displacements are provided in Sections 11. 6.3. 1 and

11. 6.3.2 respectively. Due to thermal expansion, nodes 1, 2 and 3 move in -X direction

and nodes 4, 5, and 6 move in +X direction, as shown in the displacement output in

Section 11.6.3.2. The maximum X-displacement occurs at nodes 1 and secondly, node

6.

The stresses and strains for elements near nodes 1 and 6 (elements 1 through 4 and 26
through 29) are presented in Section 11.6.3.3. These elements also include the elements

(elements and 3) containing the node (21) with maximum lateral displacement. The

following explanations are provided for the labels shown in the stress and strain output.

PT: Segment Point Number, see Figure 11.2.2 for the definition of segment

point for cross-section of Channels. -

TEMP: Temperature

SIGX: Axial Stress

EP: Axial Elastic Strain

EPPL: Axial Plastic Strain

The stress and strain results from output file "HDO7R" indicate that no yielding occurs

in the structure at the final load -step (temperature = 2 100F).
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Figure 11.6.3.1 Deformed Shape of the Model HDO7 (Worst Case 5-7)
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11.6.3.1 Reaction Forces

HD07 -EVAL. FOR HEADER RESTRAINT CASE 5-7, 48NI210-16, EL. 713'-01,

POST1 REACTION FORCE LISTING

LOAD STEP 9 ITERATION= 20 SECTION= 1

TIME= 0.0000 LOAD CASE= 1

THE FOLLOWING X, Y;Z FORCES-ARE IN NODAL COORDINATES

Structures - Package I

FY FZ
.12179357 .29571828
* .12179227 .84606433
.37460977E-06 .78940432
.58948527E-05 .88201529
* .11646035 .80115569
.11645278 .23199001
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000
0.0000000 0.0000000

.42188475E-12 3.8463479

Mx

.34736335E-01
.13486441E-03
.48876782E-03
.75929137E-02

0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

MY

."4170549
-.45424018
-3.2479480
7 .54945 18

0.0000000
0. 0000000
0.0000000
0.0000000

0.0000000
0. 0000000

NZ

4.7244443
-.29826161
.62498699E-01

-1.5600647

0. 0000000
0. 0000000
0. 0000000
0. 0000000

0. 0000000
0. 0000000

TOTL .14766.42952880E-O1 4.2889691 2.9286167

NR Dept. No. NR

FX

64.507925
19.219873
3.8091038

-1.6655594
-21.147825
-59.578720

TOTAL 5.1447966
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11.6.3.2 Displacements

HDO7 - EVAL. FOR HEADER RESTRAINT CASE 5-7, 48N1210-16, EL. 7131-O"

*** POST1 NODAL DISPLACEMENT LISTING **

LOAD STEP 9 ITERATION= 20 SECTION= 1

TIME= 0.0000 LOAD CASE= 1

THE FOLLOWING X,Y,Z DISPLACEMENTS ARE IN-NODAL COORDINATES

ux
-!,.26878302E-01

- ' 53388536E-;02
- .10580844E-02

.46265539E-03

.5874395SE -02
.2482"467E-01

-.23533672E-01
- 20087205E-01
-.16559053E-01
-.12947782E-01
- 92132135E-02
*.46989313E-02

- .40295100E-02
- .33309001E-02
- .26028607E-02
-. 18451518E-02
- .88270498E-03
- .67606896E-03
,-.43850785E:-03
- .,16965880E-03

.13083974E-03

.11380272E-02
* 1845435DE-02
.25841024E-02
.33550670E-02
.41600540E-02
.50000902E-02
.10665680E-01
. 15412906E-01
.20129083E-01
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

UY

0.;0000000
0.0000000
0.0000000
0.0000000
0.0000000

.59264968E-01
.83888564E-01
.75340422E-01
.457791 76E-01
.14142235E-01
.66700824E-04
.21326499E-03
.29164230E-03
.213 1".67E- 03
.66638525E-04
.88636521E-04
.281 17286E-03
.38350054E-03
;28099894E-03
.885453a8E-04
.31985364E-03
.10794776E-02
.17186701E-02
.171 7821 2E-02
.10779937E -02
.31924587E-03
.79234112E-02

ý.20912577E-01
.22399674E-01
0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0.0000000

uz
0.0000000
0.0000000
0.0000000
0. 0000000
0.0000000
0.0000000

S. 11806493E-01
- .18844497E-01

- .20459943E-01

- .17036132E-01

- .97217665E-02
- .80321782E-02
S. 13572029E-01
S. 15538868E-01
S. 13569431E-01

- .80293986E-02
-.86110957E-02
- .14599325E-01

- .16732676E-01

-.14596411E-01
- .86080063E-02
-. 11231889E-01
- .20269"42E-01

- .25260874E-01
-25258006E-01

- .20262966E-01
-.11226741E-01

- .62412889E-02
- .87413826E-02
-.66415588E-02
0. 0000000
0. 0000000
.0.0000000
0.0000000
0.0000000
*0.0000000

ROTX
- .89255480E-02
0. 0000000
0.0000000
0. 0000000
-0.0000000

- .32258834E-02
- .13285244E-01

- .15303450E-01

.14899200E-01
- .12134384E-01

- .71416463E-02
- .58125024E-02
- .93610545E-02
- .10553442E-01

- .93591541E-02

- .58104096E-02
- .6198692BE-02
- .99897605E-02

.,.11264744E-01
-.99876404E-02
- .61963757E-02
- .78919a88E-02
- .13284562E-01

- .16020493E-01

- .16018515E-01
- .13280011E-01

- .78882124E-02

-.47661711E-02
- .69306935E-02
- .64196762E-02
0. 0000000
'0. 0000000
0.0000000

0.0000000
ý0. 0000000

ROTY
.41428604E-03
0.0000000
0. 00000 00
0. 0000000
0. 0000000

- .16568449E-03

.33704937E-03

.20953355E-03

.73725032E-04
- .29151681E-04
- .63631854E-04
.66271 141E-04
.532-35882E-04

- .76971238E-08
- .53240270E-04
- .66258082E-04

.7295 0329E-04
.58628838E- 04

.. 89311030E-08
- .58633971E-04
-.- 72935386E-04

.12028446E-03
.12112739E-03
.48616643E-04

- .48653961E-04

- .12112455E-03
- .12024832E-03

.7849482-3E-05
- .47713618E-04
- .12133839E-03

0. 0000000
0.0000000
0. 0000000
'0.0000000
0. 0000000
0.0000000

ROTZ
.47652727E-02
0. 0000000
0.0000000
0.0000000
0.0000000

- .21299932E-02
.27445492E-02
.44180761E-03

- .14004881E-02

- .21864754E-02
.16620084E-02
.10478213E-04
.1 1338026E-04
-.66126275E-08

- .11340534E-04

-.-10470179E-04
.12943577E-04
.13973576E-04

- .89317244E-08
- .13976983E-04

-.-12932744E-04
.40090835E -04
.53684003E-04
.24385817E-04

- .24478066E-04

- .53665838E-04
-.4002"-08E-04
.7744325BE-03
.57289301E-03

- .52851310E-03
0. 0000000
0. 0000000
0. 0000000
0._0000000
'0. 0000000
0.0000000

a

NODE

'2
3
4
5
6

11
12
13
14
15
21
22
23
24
25
31
32
33
.34
35
41
42
43
44
45
46
51
52
53

101
102
103
104
105
106
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11.6.3.3 Stresses and Strains
6 LY

7 8 9

ND07 - EVAL. FOR HEADER RESTRAINT CASE 5-7, 48N021O-16, EL. 713'-O'-

***ELEMENT STRESSES *** TIME = 0.00000 LOAD STEP= 9 ITERATION= 20 CUM. ITER.=

EL= 1
END I PT

2
.3
4
5
6
7
8
9

END J PT
1
2
3
4
5
6
7
8
9

FORCES ON

NODES= 1 11 MAT=
TEMP SIGX
210.00 -14.292
210.00 -17.598
210.00 -20.903
210.00 -20.903
210.00 -20.903
210.00 -20.903
210.00 -20.903
210.00 -17.598
210.00 -14.292
TEMP SIGX

210.00 -12.821
210.00 -17.403
210.00 -21.984
210.00 -21.738
210.00 -21.492
210.00 -21.246
210.00 -20.999
210.00 -16.418
210.00 -11.836

MEMBER AT NODE I
11 -

EL= 2 NODES= 11 12 MAT=
END IPT TEMP SIGX

1 210.00 -12.807
2 210.00 -17.398
3 210.00 -21.988
4 210.00 -21 .742
5 210.00 -21.496
6 210.00 -21.250
7 210.00 -21.005
8 210.00 -16.414
9 210.00 -11.824

END J PT TEMP SIGX
1 210.00 -13.293
2 210.00 -17.68
3 210.00 -22.080
4 210.00 -21 .714
5 210.00 -21.348
6 210.00 -20.981
7 210.00 -20.615
8 210.00 -16.222
9 210.00 -11.829

FORCES ON MEMBER AT NODE 11
12 -

1 PRESSURES(Z,Y)= 0.0000
.EP

- .0005057
- .0006227
-.0007397

- .0007397
-.0007397
-.0007397

- .0007397
- .0006227
-.0005057

EP
-.0004537
-.0006158
-.-0007779
- .0007692
-.0007605
- .0007518
-.0007431
-.0005810
- .0004188

64.5077
64.3399

- .123927
.121906

EPPL
0.0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
EPPL

0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0. 0000000

.331511
- .205902

1 PRESSURES(Z,Y)= 0.0000
EP

- .0004532
- .0006156
-.-0007781
-.0007694

- .0007607
-.0007520
- .0007433
- .0005808
-.0004184

EP
- .0004704
- .0006258
- .0007813
-.0007684
-.0007554

- .0007424
- .0007295
- .0005740
- .0004186

64.3401
64.1722

EPPL
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
0. 0000000
EPPL

.0.0000000

0. 0000000
-0. 0000000
.0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000

0.00C
EPCR

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

EPCR
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

100 AVE. TEMP= 210.00
EPSW

10 0.0000000
10 0.0000000
10 0.0000000
0 0.0000000
0 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000

EPSW
10 0.0000000
~0 0.0000000
~0 0.0000000
~0 0.0000000
~0 0.0000000
10 0.0000000
10 0.0000000
0 0.0000000
)0 0.0000000
.420218 -.444028E-11

- .260999 -4.18734

0.0000
EPCR

0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000
*0.0000000
0.0000000
0. 0000000

EPCR
0.0000000-
0.0000000.
0.0000000
0.0000000
0. 0000000
0. 0000000
0.0000000
0. 0000000
0. 0000000

AVE. TEMP= 210.00
EPSW

0. 0000000
0. 0000000
0. 0000000
0. 0000000
0.0000000
0.0000000
0.0000000
0. 0000000
0. 0000000

EPSW

0.0000000
0.'0000000
0. 0000000
0.0000000
0.0000000
0. 0000000
0. 0000000
0. 0000000

.179490E-01 .194094 .237244 4.18116

.200048E-01 -.685223E-01 - .780714E-01 -6.22738

4.96381
-6. 87926

6.89262
-6.59689

ON
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11.6.3.3 Stresses and Strains (Cont'd)

.EL= 3, NODES=
END I PT TEMP

1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
6 .210.00
7 210.00
8 210.00
9 210.00

END J PT TEMP
1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
6 210.00
7 210.00
8 210.00
9 210.00

FORCES ON MEMBER AT

12 13 MAT=
SI GX

-13.288
-17.685.
-22.081
-21.715
-21.349
-20.983
-20.617
-16.220
-11.824

SI CX
-15.632
-18.422
-21.213
-20.854
- 20 .495
-20.136
-19.778
- 16.988
-14.197

NODE 12 6.
13 -6

1-PRESSURES(Z,Y)=
EP

- .0004702 0
- .0006258 0.
.-.0007814 0.
-.0007684 0.
-.0007555 0,
-.0007425 0.
-.0007295 0.
-.0005740 0.
- .0004184 0.

EP
-.0005532 0.
-.0006519 0.
- .0007506 0.

-.0007379 0.
-.0007252 0.
- .0007125 0.
- .0006999 0.
-.0006011 0.
- .0005024 0.

4.1720
4.0042

.153895
-.155702

0.00
EPPL
.000000
.000000
.000000
.000000.
.000000.
.00000bi
.000000I
000000i
.000000I
EPPL
0000001
*0000001
.000000l

0000001
0000001
0000001
000000(
000000c
0000000

00 0.0000 AVE. TEMP= 210.00
EPCR EPSW

0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
O 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000

EPCR EPSW
0 0.0000000 0.0000000
3 0.0000000 0.0000000
3 0.0000000 0.0000000
0 0.0000000 0.0000000

0 0.0000000 0.0000000
0 0.0000000 0.0000000

0 0.0000000 0.0000000
0 0.0000000 0.0000000
I 0.0000000 0.0000000

.547295E-01 .479504E-01 6.22600

.708043E-01 .111175 -6.10075

EL= -4 NODES= 13
END I PT TEMP

1 210.00 -

2 210.00 -

3 210.00 -
ý4 210.00 -
5 210.00 -

6 210.00 -

7 210.00 -

8 210.00 -
9 210.00 -

END J PT TEMP
1 210.00 -

2 210.00
3 210.00
4 210.00
5 210.00
6 210.00 -

7 210.00
8 210.00
'9 210.00 -

FORCES ON MEMBER AT NcX

14 MAT
SI CX

15.642
18.425
'21.209
20.850
20.492
20. 133
19.775
16.991
14 .207
SIOX

19. 070
19.354
19.639
19 .415
19. 191
18.967
18.743
18. 459
18.175
)E 13 6

14 -6:

1 PRESSURES(Z,Y)=
E P

-.0005535
- .0006520
-.0007505
- .0007378
-.0007251
-.0007124
- .0006997
-. 0006012
-.0005027

E P
-.0006748

- .0006849
-.0006949
-. 0006870.
-. 0006791
-. 0006712
- .0006632
-. 0006532-
- .0006431

.0039
5.8360

.240140
-. 241526

0.0
EPPL

0. 00000
0. 00000
0. 00000
0. 00000'
0.00000i
0. 000001
0. 000001
0. 000001
0.000003

EPPL
0.00000c
0.000001
0.000001
0.000000

0.000000
0.000000
0.000000
0.000000

uuu 0.0000 AVE. TEMP= 210.00
EPCR EPSW

00 0.0000000 0.0000000
00 0.0000000 0.0000000
00 0.0000000 0.0000000
00 0.0000000 0.0000000
00 0.0000000 0.0000000
00 0.0000000 0.0000000
00 0.0000000 0.0000000
30 0.0000000 0.0000000
30 0.0000000 0.0000000

EPCR EPSW
00 0.0000000 0.0000000
00 0.0000000 0.0000000
00 0.0000000 0.0000000
30 0.0000000, 0.0000000
30 0.0000000 0.0000000
10 0.0000000 0.0000000
10 0.0000000 0.0000000
0 0.0000000 0.0000000
10 0.0000000. 0.0000000
-.843182E-01 -.136517 6.09955
.209820 .295601 -3.8077M

6. 60192
-4.18964

4.17999
-.427007
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11.6.3.3 Stresses and Strains (Cont'd)

5 51 MAT=
SIGX

-20.940
-18.754
-16.568
-16.736
-16.905
-17.073
-17.241
-19.428
-21.614

. SIGX
-18.972
- 18.4 13
- 17. 853
- 17. 759
-17.664
- 17. 569
- 17.474
- 18. 033
- 18. 592

NODE 5 6
51 -6

I PRESSURES(Z,Y
EP

-.0007410
- .0006636
- .0005863
- .0005922
- .0005982
-.. 0006041,
- .0006101
.0006875
-.0007648

EP
-.0006713
-.00065 15
-.0006318
-.0006284
-.0006250
-.0006217
-.0006183
-.0006381
-.0006579

EL= 26
END I PT

2
3
4
5
6
7
8

.9
END J1 PT

2
3
4
5
6
7
8
9

FORCES ON

NODES=
TEMP

210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00

TEMP
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00

MEMBER AT

:0.01

EPPL
0., 000001
0. 000001
0.000001
0.000001
0. 000001
0. 000001
0.00000l
0. 000001
0.000001

EPPL
0. 000001
0.00000C
0.O00000
0.00000c
0.00000c
0.00000(
0.00000(
0.00000(
0.000000

000 0.01
EPCR

00 0.000001
00 0.000001
00 0.000001
20 0.000001
00 0.000001
00 0.000001
00 0.00000(
00 0.000001
20 0.00000(

EPCR
20 0.000000
20 0.000000
00 0.000000
00 0.000000
00 0.000000
00 0.000000
20 0.000000
20 0.000000
20 0.000000
.330573
-.192595

200 -AVE. TEMP= 210.00
EPSW

00 0.0000000
20 0.0000000
00 0.0000000
20 0.0000000
20 0.0000000
00 0.0000000
20 0.0000000
20 0.0000000
20 0.0000000

EPSW
20 0.0000000
20 0.0000000
20 0.0000000
20 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
10 0.0000000
.426373 -2.86551

-.251474 -1.61412

EL=
END I

NODES=
TEMP

210.00
210.00
210.00
210.00
210.00

6 210.00
7 210.00
8 210.00
9 210.00

END J PT TEMP
1 210.00
2 210.00
3 210.00
4 210.00
5 210.00
6 210.00
7 210.00
.8 210.00
9 210.00

-FORCES ON MEMBER AT

51 52 MAT:
SIGX

-18.969
- 18.413
-17.858
-17. 761
-17.665
-17.569
-17.473
- 18. 029
-18.584

S IGX
- 16. 409
-17.679
-18.949
- 18. 737.

.- 18. 524
-18.312
-18. 099
-16.829
-15.558

NODE 51
52 -5

IPRESSURE
EP

-.00067'
-.00065
-.00063'
-.00062~
-.000625

-.00062'
-.00061~
-.00063E
-. 00065~

EP
-.00058(

* -. 000625
-.000670
ý-000663
-. 000655

* -. 000648
-.000640
-'.000595

-.000550
40.1321
9. 9476

ES(Z,Y)= 0.0000 0.0000 AVE. TEMP= 210.00
EPPL EPCR EPSW

12 0.0000000 0.0000000 0.0000000
16 0.0000000 0.0000000 0.0000000
19 0.0000000 0.0000000 0.0000000
85 0.0000000 0.0000000 0.0000000
~1 0.0000000 0.0000000 0.0000000

17 0.0000000 0.0000000 0.0000000
83 0.0000000 0.0000000 0.0000000
80 0.0000000 0.0000000 0.0000000
76 0.0000000 0.0000000 0.0000000

EPPL EPCR EPSW
26 0.0000000 0.0000000 0.0000000
~6 0.0000000 0.0000000 0.0000000
15 0.0000000 0.0000000 0.0000000
0 0.0000000 0.0000000 0.0000000
5 .0.0000000 0.0000000 0.0000000
10 0.00000.0000000 0.0000000
14 0.0000000 0.0000000 .0.0000000

5s ' . 0.0000000 0.0000000o 0.0000000
15 '0.0000000 0.0000000 0.0000000
-. 160568 ...184761 ..241351 1.63305
..159630 . -.468074E-01 -.664829E-01 -3.61585

0.3167
0. 1322

-. 142852
.142"S4

-3. 28261
.839759

- .834136
-1. 90756

Structures - P cka'eye--I
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11.6.3.3 Stresses and Strains (Cont'd)

52 53 MAT=
SIGX

-16.406
- 17.678
-18.951
-18.738
- 18. 525
- 18.312
-18.100
- 16. 827
-15.555

SI GX
-14.242
-16.878
- 19 .513
-19.333
- 19. 152
-18.972
-18.791
- 16. 156
- 13 .520

NODE 52 5
53 -5

1 PRESSUJRES(Z,Y)= 0.00
EP

-.0005805
- .0006256
-.0006706
-. 0006631

- .0006~555

- .0006480
-.0006405
.-0005954
-.0005504

EP
- .0005040
- .0005972
-.0006905
-.0006841

- .0006777
-.0006713
- .0006649
-.0005717
- .0004784

ELz 28
END I PT

1
2
3
4
5
6
.7

9
END J PT

1
2
3
4
5
6
7
8
9

FORCES ON

NODES=
TEMP

210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00

TEMP
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00

MEMBER AT

EPPI
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000'
0.0000004
0.0000004
0.0 000001
0. 0000001

EPPL
0. 0000001
0. 0000001
0.0000001
0. 0000001
0. 0000001
0.O000000
0. 0000001
0. 0000000
0. 0000000

00 0.0000 AVE. TEMP= 210.00
EPCR EPSW

0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
o 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000

0 0.0000000 0.0000000
EPCR EPSW

0 0.0000000 0.0000000
0 0.0000000 0.0000000

0 0.0000000 0.0000000
0 0.0000000 0.0000000

0 0.0000000 0.0000000
0 0.0000000 0.0000000
0 0.0000000 0.0000000

0.0000000 0.0000000
0.0000000 0.0000000

.368976E-01 .510854E-01 3.61809

.101025 .1237" -3.06900

EL= 29 NODES=
END I PT TEMP

1 210.00
2 '210.00
3 210.00
4 210.00
5 210.00
6 210.00
7 210.00
8 210.00
9 210.00

END J PT TEMP
1 210.00
2 210.00-
3 210.00
4 210.00
5 210.00
6 210.00
7. 210.00
8 210.00
9 210.00

FORCES ON MEMBER AT

53 6
SI'

-14.24
-16.87
-19.51
-19.33
-19.15
-18.97
-18.79
-16.15
-13.52

SIG
-13.20
-16.25
-19.30
-19.30.
-19.30
-.19.30
-19.30
-16.25:
-13.201

NODE

MAT= 1 PRESSURES(Z,Y)= 0. 0000
EP EPPL

8- .0005042 0.0000000 0.
'9 -.0005973 0.0000000 0.
1 - .0006904 0.0000000 0.

1- .0006840 0.0000000 0.
0 - .0006776 0.0000000 0.
'0 -.0006713 0.0000000 0.
0 -.0006649 0.0000000 0.
8 -.0005718 0.0000000 0.
6 -.0004786 0.0000000 0.1

XEP EPPL
0 -.0001+671 0 .0000000 .0.1
3 -.0005751 0.0000000 0.i
6 -.0006832 0.0000 .
6 -.0006832 0.0000000 0.1
6 -.0006832 0.0000000 0.1
6 .- .0006832 0.0000000 .0.1

6-.0006832 _0.0000000 0.1
3 -.0005751 0.0000000 0.1
0 - .0004671 .0.0000000 0.1
53 59.7633- - .371698E-01 -.110195
6 -59.5788 .367480E-01 .248090

0.0
EPCR
00000
00000
00000
00000
00000
00000
00000
00000
00000
EPCR
300000
300000
300000
300000
300000
300000
300000
300000
300000

000 AVE. TEMP= 210.00
EPSW

400 0.0000000
'00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000

EPSW
00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000
00 0.0000000
00 1 0.0000000
30 0.0000000
30 0.0000000
00 0.0000000
- .139681 3.06781
.314475 - .771304E-12

9. 9477
9. 7632

-. 119982
.119052 1. 91056

-3.95729

3.95161
-4.58453
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11.6.4 Member Qualiication

As presented in Section .11. 6.3, the maximum lateral. displacement. for. the- member. occurs

at Node -12 and -the stress and strain -results of the analysis indicate that no yielding

occurs in all elements at the final temperature step (temperature =210'F). Therefore,

the ductility ratio at nodes .12 is less than 1. Note that the ductility ratio is defined as

the ratio of the final displacement to the yield displacement.

Per DG-C1.6. 12, Appendix D, the member of worst case 5-7 is qualified.
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11.6.5 Connection and Anchorage Qualification for Worst Case 5-7

11.6.5.1 Connection Qualification for Worst Case 5-7

The weld connections at support-nodes 1 through 6 are evaluated. The reaction forces

documented in Section 11.6.3.1 are considered in the evaluation. The connection

.information .,is obtained, from Drawing 48NI210-16 and WCG-1-830 Ri (walkdown

package).
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11.6.5.2 Anchorage Qualification for Worst Case 5-7

For shear loading, the 5/8"0 Welded'Studs are accepted by comparing the displacement

at the anchorage to the displacement allowable per Design Guide DG-C 1.6.12 Ri. The

displacement allowable is 0.2D. (0.2 * bolt diameter) for ductile anchors. As shown in

Section 11.6.3.2, the maximum X-displacement occurs at node 1 (0.027").

0.027" < 0.2D = 0.2 * 5/8" = 0.125" O.K.

A BASEPLATE HI model is constructed to evaluate the tension on the Weld Studs. As

shown in Figure 11.6.5.2.1, the same model used in Calc. WCG-1-964 (Evaluation of

Embedded Plates for Platforms) is used. The reaction forces at node 2, where the

maximut moment occurs, are considered. The input and Output of the Baseplate II runs

are presented in Table 11. 6.5.2. 1. The results of analysis indicate that the tension in the

bolts are, nearly zero since, the moment is only 4 inch-kip. The Tension allowable is

7.429 Kip per DS-C1. 7.l1.

Therefore, the anchorage for worst case 5-7 are qualified.
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Figure 11.6.5.2.1 BASEPLATE III Model for Anchorage at Node 2
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Table 11.6.5.2.1 BASEPLATE HI Input and Output for Anchorage at Nodes 2

3 B2H007 - NODE 2, EL. 713' DWG 48N1210-16
OUT ,,,-1,f3/
CON,,,..,3000/
PLA 13,18, ,12.,18.,75,29/
BPR ; 1,365.603,1000E0/
BOL 3,4,1,2.0,3..0/,
SOL 3,16,1,2.0,15. 0/
BOL 7,4,1,6.0,3.0/
SOL 7,16,1,6.0,15.0/
SOL 11,4,1,10.0,3.0/
BOL 11,16,1,10.,15.0/
END /
ATT 1,3,,0,2.5/
JST 1,3,13,12.0,0/
IST 7,3,10,8.0,90/
JST 7,10,1,6.0,180/
JST 7,10,13,6.0,0/
END/
END/
POI 1,3,,6.0,4.0/
LOA ,1, 19.2,-0.85,0,0.034,-4.72,-0.44/
END/
END OF JOB
END OF FILE

I .1
LINE LINE

3 4
3 16
7 4
7 16

11 4
11 16

NODE

40
52

112
124
184
196

BO0L T LOA D S

X-SHEAR .Y-SHEAR SRSS

4.
2.
4.
2.
4.
2.

2-TENS ION

0.
0.
0.
0.
0.
0.
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12. SUMMARY OF CALCULATION RESULTS

*Modification for worst case member 1-27 is shown in Section

connection is implemented per DCN M-16250-A.
11.3.7. A slotted hole

Worst Case Member Ductility Connection Anchorage Remarks

ID Ratio

1-27 =4.3 Adequate Adequate Modification*

(Original Structure) Required

~s< 1.0

(After Modification)

2&3-9(C) A. < 1.0 Adequate Adequate

1-11 A < 1.0 Adequate Adequate

2&3-8(G) /I < 1. 0 Adequate Adequate

5-7 jA < 1. 0 Adequate Adequate
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13. CONCLUSION

The thermal worst cases 1-27, 2&3-9(C), 1-1l, 2&3-8(G) and 5ý-7 are evaluated and only

one modification for worst case 1-27 is required (for detail, see Section 11.3.7). The

evaluation results indicate that, after the modification is implemented, all the members,

connections and anchorages. for, these five case of thermally restrained structure meet the

requirement of the design criteria as well as all the applicable codes.
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ATTACHMIENT "A"
SHEET 1 OF I

ATTACUIENT A
VERIFICATION WORKSHEET

FOR CALCULATIONS AND.DRAWINCS
QUAL IF. Of WOOST (LA•J.S Oi 1-H&AIL

Title: RaTFA-'i-_ 5,TAX29-- PAGC-AIý I

Document No. UX 21 -1 - 9ý9

Revision

QUESTIONS TO BE ADDRESSED

1 Were the inputs correctly selected at the correct revision level, and
_____ j~sprated into th.e desion?

2 Are the assumptions necessary to perform the design activity
adequately described and reasonable? Where necessary, are assump~tions
identified for subsequent reverification after the detailed design

___ ctivit 4 es are completed?
3-a-- Are thc-appropriate qulality r0oie~et peifd?
3.L Are the appropriate -qllt suaif eur et Dcfd
4 Are the applicable codes, standards, and regulatory requirements

including issue and addenda properly identified, and are their
____reeonirements for ds.. -ign.Daet?

5 Have applicable construction and operating experience been
____considered?

7. Was an apptroriate des-i-n method us~ed?
8.. I theoutput reasonable compared to inputs?

*~9 Are the specified parts, equipment, and processes suitable for the
ýrequired application? Are all app~licable construction specifications

___roereenced on the drawing(s)?
10 Are the specified materials compatible with each other and with

the desian asivdironien'tal conditions to which the materials will be
___ _exposed?

11.... Have adequate maintenance features and requiremnents been spec4 fied?
12 Are accessibility and other design provisions adequate for performing

nede d ,ma in ten anc e--and repair?
13 Has adequate accessibility been provided to perform the inser-vice

- inspection expected to be required dllrin2 the plantlife?
14 Has the design properly considered radiation exposure to the public

___and plant personnel?
15 Is the acceptance cri~eria incorporated in the design document

sufficient to allow verification that design requirements have been
____ satsfa-torily acCompliShed_?

16 Have~adequate preoperational and subsequent periodic test- requirements
___ been appropriately specifjod?

17 Are adequate handling, storage, cleaning -and shipping requirement'S
___spye cifi ed6?

1.8. Are adequate identifffation ruq¶irpments specified?
19 Are requirements for record preparation. -review,. approval, retention,

___etc..adequately gpecified?

.Fo~r Calculations, only questions 1, 2, 4, 6, 7, 8 and 15 are considered

9 plicable./-

Independent Verifier C. 7( OL Ael_ýa"&I__
Prini/Sign ý/ Iý r13 OZ/

Date-
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ATTACHMENT B:

MICROFICHE LISTING FOR OUTPUT FILES

Worst Case ID Output-File 'Name Microfiche Number

B8PR9CR TVA-F-G099736

B 1 P9CR

ClOP9CR

BIPR9CR TVA-F-G099734

C4PR9CR

PR9CR TVA-F-G099732

PR9CMR TVA-F-G099730II I' I.

2&3-8(G) BS1P8GR TVA-F-G099726

BS9P8CR

B 1PR8GR

PR8GR TVA-F-G099724

5-7 HD07R TVA-F-G099720

B2HD07R TVA-F-G099722

1-27 and 2&3-9(C) TVA-F-G099738

PR9CMR 1 TVA-F-G099730

1-11 AX11R TVA-F-G099728



ANSYS INPUT DATA -LISTING (FILE18)

/PREP7
/TITLE, AXI1G - EVAL. FOR AXIAL CASE 1-11, DWG. 48N0210-16, EL. 713'-0O"
/CON
/CON ýBRANCH/PROJECT ID WCG-1-969
/CON
/CON PREPARED BY SAL 8/13/91
/CON CHECKED BY J. OU 8/13/91
/CoN
/CON 'FOR COMPARISON BETWEEN USING GAP ELEM. AND IMPOSED DISP.
/CON (USE STIF4O I GAP AT SUPPORTS)
/Com
/COM INPUT = AXIIG
/CON OUTPUT =AX11GR
/CON FILE12 = AX11GF
/CON PLOT =AX11GP
ICOm
C*** ANSYS-ANALYSIS OPTIONS AND REFERENCES
KAN, 0
KAY ,6, 1
KNL,l
TREF,70
C*** ELEMENT TYPE AND MATERIAL PROPERTIES

ET ,2,24,,f,, ,,
ET,3,21 *3D KASS ELEMENT
ET,4,40... I

EX, 1,29000
RP4,1
ALPX, 1,6.5E-6
RP4, 1
DENS,1,0.283E-3
DENS,2,.2.905E-3 * INCLUDE DL+SLL
DENS,3,2.002E-3 *INCLUDE DL+SLL
DENS,4,O * RIGID LINK

NPTENP, 1,70,100,200,300,400
RP4,1
MPOATA,EX, 1,1 ,29.0E3,28.9E3,28.3E3,27.9E3,27.4E3
RP4,, 1
MPDATA,ALPX,1,1,6.50E-6,6.50E-6,6.50E-6,6.67E-6,6.86E-6 *ALPX=6.29 MU FOR 10OF
RP4,,1
C** NONLINEAR MATERIAL CONSTANT
*CREAT,MNL
NL,ARGI,13,10
NL,ARG1 ,19,70, 100,200,300,400
NL,ARG1 ,25,36,36.0,36.0,36.0,36.0
NL,ARG1,31 ,150, 150,150,150,150
*END
*USE,MNL,2
-USE,MNL,3

C*** MEMBER CROSS SECTIONAL PROPERTIES
R,1,3.38,1.32,32.6,8.00,2.26, *C8X11.5
RMORE, ,0. 131

.C*** NONLINEAR CROSS SECTIONAL PROPERTIES
C*** CHANNEL CBX11.5
CF=2. 260
TCF=O.390

C=.00

ANSYS INPUT DATA LISTING (FILE18)

TCIJ=0.220 -

XBR=(O.571 ).O.07695

XO=(TCW/2)-(XBR)
CC=CF- (TCW/2)
DD=(CO-TCF)/2.
QC=CC/2

BRANCH PROJECT I.D.
I~.C- - )99

A Z. 1.,C.
/~Z7__ _O r 7



QD=DD/Z
Cc=cC4XO

QC=QC+XO
* STAT

R,2,CC,DD,0AQC,DD, TCF
RMORE,X0,DD,TCF,XO,QD,TCW
RMORE,XO,0,TCW,X0, -QD,TCW
Rt4ORE,XD, -DD,TCW,QC, -DD,TCF
RMORE,CC, -DD,TCF

R3=(.0207*1 .2)/1.5
R4=(.0198*1.2)/1.5
R,3,R3 ,R3, R3
R,4,RI.,R4,R4
R,5, 100,1000,1000

K1=10000000 * SIMULATE A F

GAP=(1/16)
FSL0O
R,7,K1,...GAP,FSL
Ct***

C** NODES AND COORDINATES
X1=22 SX2=59 SY1=23
N,1,0,0
N,101,-1,0
N,2,X1,D

N, 102, X1,O
N,3,X2,0
N, 1O3,X2,O
N,303,X2,0,-5
N, 4,93,0
N, 104 ,94 ,0
N,5,X1,Y1
N,105,X1,Yl
N,6,X2,Yl
N, 106,X2,Y1
N, 7,0, Y2
N,10?,-1,Y2
N,8, Xl, Y2
N, 80, Xl, Y2,5
N, 108 ,Xl, Y2
N,9,X2,Y2
N,109,X2,Y2
N,309,X2,Y2,-5
N, 10, 93 ,Y2
N,11O,94,Y2
FILL,1,2,2,11,1
FILL,2,3,3,21,1
FILL,3,4,3,31,1
FILL, 7, 8,2,71, 1
FILL, 8, 9,3 ,81, 1

BRANCHPROJECT I.D.

* STIF24 REAL PROP. - CBX11.5

A77, A

" CONDUIT
" CONDUIT
* RIGID LINK

IXED SUPPORT

*COMB. ELEMENT

SY2=49

ANSYS INPUT DATA LISTING (FILE18)

121
122
123
124
125
126
127
128
129

*130
131

*132
133
134
135

~) 136
137
138

FILL, 9, 10,3,91, 1

C*** ELEMENT CONNECTIVITIES
C***

MAT,2 STYPE,2 SREAL,2
EN,1,1,11,20 S$EN,11,11
EN,2,2,21,20 SEN,21,2
EN,3,3,31,20 SEN,31,3
MAT, 3
EN,7,7,71,80 SEN,71,71
EN,8,8,81,80 SEN,81,8
EN,9,9,91,BO SEN,91,91

MAT,4 STYPE,1 SREAL,5
EN ,303 ,3 ,303
EN ,309, 9, 309

KAT,4 STYPE,3

I,12, 20
1,22,20
1,32,20

1,72,80
1, 82, 80
t,92, 80

SEN, 12, 12, 2, 20
SRP2,1,1,1
SRP2,1,1,1

SEN, 72, 72, 8, 80
$RP2,1,1,1
SRP2,1,1,1

$EN, 23 ,23 ,3 ,20
SEN ,33,33,4,20

SEN, 83 ,83 ,9,80
SEN, 93 ,93 ,10, 80

* RIGID LINK



1 39
140
141
142O~ 143
145

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

* 162
163
164
165
166
167

*168
* 169

170
*171

* 172
173
174
175
176
177
178
179
180

181
* 182

183

*185
186

* 187
188
189

*190
191

* 192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

REAL.3 SEN,503,3O
3

REAL.4 SEN,509,3O
9 .

MAT,1 STYPE,1 SREAL,1
E,102,5
E,5, *108
E,103,6
E,6, 109
E, 105,106

C** COMBINATION ELEMENTS

TYPE,4 SREAL,7
EN ,104 ,4, 104
EN,11O, 10, 110

C*** COUPLED DOFS FOR MEMBER JOINT RELEAS!E

CP, 1,UX, 102,2
CPLGEN,1,UY,UZ * SETS 2-3 NOOE2

CPSGEN,2,1,1,3 * SETS 4-6 NODE3

CPSGEN,2,3,1,3 * SETS 7-9

CPLGEN,9,ROTX * SET 10 NODE5

CPSGEN,2,4,1,3 * SETS 11-.13 NODEI

CPSGEN,2,6,1,3 * SETS 14-16

CPLGEN,16,ROTY * SET 17 NODE8

CPSGEN,2,1,14,17 * SETS 18-21 NODE9

C*** BOUNDARY CONDITIONS
* CR EAT ,BND
DDE LE ,ALL ,ALL
D, 1,UY, ,, , ,UZ

D,I.,UY,.....,UZ,ROTX
D,7,UY, ..... UZ
D,1O;UY ..... UZ,ROTX
0, 104 ,ALL
0, 11O,ALL

DDX=ARG1
D,1,UX,-DDX
C*** D,4,UX,DDX
o ,7,UX, -DDX
C*** D,10,UX,DDX

*USE, BND,O0
C*** ANALYSIS OPTIONS

SANSYS INPUT DATA LISTING (FILEiB)

ITER, -20,20
TREF,70
POSTR, ,2,5
C*** PLOTS - GEOMETRY /B.C.

/VIEW, ,0,0,1
/PNUM,NODE, 1
EPLO
/SHRINK,0.3
/PNUM,NOOE,1l
,PNUM,ELEM,1
EPLO
/PNUM, ELEM
/P8C,ALL,1
EPLO
/VIEW,,1,1,1
EPLO
C*** LOADING CASES

C*** PIPE FPL
F,3,FX,-.U03,,23,20
F,3,FZ,-.307,,23,20
F,3,MX,5.749, ,23,20
F,3,MZ,.O6,,Z3,20.

-CREAT ,MAC
TUNI F,ARG1
LWR ITE
*END

~FhNCHPROJECT I.D.

WcC- i .-- 969



211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
2W7
23R
239
240

*END
*UJSE, PRF, 1
*USE,PRF, 16
/VIEW,,1,1,1
PLO ISP
PLDISP,l
FIN ISN
C"'*
/POST26
/SHOW
NUNVAR,50
TVAR, 1
C"'*
ESTR,2,1,53,TEMP *TE

* CR EAT E ,STRN

X'C**%STORMiSTRAINS -FOR 'CHANNEL
ESTR,3,ARG1 ,215,EEO1
ESTR,4,ARG1 ,216,EPO1
ESTR,5,ARG1 ,Z27,EE03
ESTvt,6,ARG1 ,228,EPO3
ESTR,7,ARG1 .251 ,EE07
ESTR,8,ARG1 ,252,EPO7
ESTR,9,ARG1 ,263,EEO9
ESTR,10,ARG1 ,264,EPD9
PRVAR,2,3,4,5,6
PR VAR,2, 7, 8, 9,10
*END
C"'*
-CREAT,DSP
DISP,21,ARG1,UX,UX
DISP,22,ARG1,UY,UY
DISP,23,ARG1,UZ,UZ
PRD, 24 ,21, 21, ,UXUX

PROO,25,22,22, ,UYUY
PRCD,26,23,23.,ULZUZ
ADD, 27, 24 ,25 ,26 ,SS

SQRT,28,27, ... RSS
PRVAR,2,21,22,23,28
*END
'USE, STRN ,2

C*** FOR AX11 AT ELE. 713'-014,
C** PEAK ACCEL.(G): NS=1.4, Ew--1.65, VWO0.38
C** FACTOR: NMF¶1.5
MfiiFl15` $UX=MMF*1'.65-SGY=NMF*1-.65 SCZ=NNF*0.38

C*** DL+SSE XZ-PLAXE
ACEL, -GX,0,GZ+l
*USEMAC,70
Ct m*
C*** DL+SSE YZ-PLANE
ACEL, ,-GY,GZ41
'USEMAC,70
RP15,,10
C"'*
C**- -USE,BND,(1/32)

C"'* RP7,,10
AFWRITE,,l
FINISH
/INPUT,27
F INI SN
/POST1
/S HOW
NL INE, 200
* CR EAT ,PR F
SET,ARG1
PRR FOR
PRDISP
PLDISP

.PLDISP,l

""""' ANSYS INPUT DATA LISTING (FILE18)"" '

MPERATURE

cDr-AN"#CH PROJECT I.D.

Lac P W C4 -

0F.LF 7

241
242
243
244
245

.246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

*273
274
275
276
277
278
279
280



281
282

* 283
*284
-~ 285

286
287
288

*289
290
291

*292
293
294

*295
296
297
298
299
300

-USE,DSP,21
'USESTRN,21
-USE,DSP,22
-USE,STRN,Z2
'USE,DSP ,23
*USE,STRN,23
*USE,DSP,3
*USE,STRN,8
-USE,DSP,81
-USE,STRN,81
'USE,DSP,82
'USESTRN,82
'USE,DSP,83
*USE,STRN,83
'USE ,DSP,9
/COM STIF40
'CREAT,ST40
ESTR,41 ,ARG1 ,3,STRI
ESTR,42,ARG1 ,4,STR2
ESTR,43,ARG1,5,UI

ANSYS INPUT DATA LISTING (FILEl8)'' "

BRANCH PROJECT I.D.
WC6,-1-O)6C)

301 ESTR,44,ARG1,6,UJ
302 ESTR,45,ARG1,7,SLIDE
303 ESTR,46,ARG1,8,STAT
304 ESTR,47,ARG1,9,OSTA
305 ESTR,48,ARG1,10,KCON
306 PRVAR,2,41,42,43,44
307 PRVAT,2,45,46,47,48
308 *END'
309 *USE,ST40,104
310 *USE,ST4O,110
311 FINISH
1ANSYS -ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10 '0DC-TVA JAN 1,1987

ANSYS(R) COPYRIGNT(C) 1971, 1978, 1982, 1983, 1985, 1987 SWANSON ANALYSIS SYSTEMS, INC. AS AN UNPUBLISHED WORK.

PROPR IETARY 'DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL CDC PHONE TWX

T LTLE -12.6392 AUG 27,1991 CP=

* ""' ANSYS ANALYSIS DEFINITION CPREP7)" '

NEW TITLE= AX11G -EVAL. FOR AXIAL CASE 1-11, DWG. 48N1210-16, EL. 713'-0-

* BRANCH/PROJECT ID WCG-1-969

PREPARED BY SAL 8/13/91
CHECKED BY J. OU 8/13/91

FOR COMPARISON BETWEEN USING GAP ELEM. AND IMPOSED DISP.

(USE STIF40 / GAP AT SUPPORTS)

INPUT = AX11G
OUTPUT = AX11GR
FILE12 = AX11GF
PLOT = AX11GP

C*** ANSYS ANALYSIS OPTIONS AND REFERENCES

* ANALYSIS TYPE= 0 (STATIC ANALYSIS)

* LARGE DEFLECTION SOLUTION (KAY(6)=1)

* NON-LINEAR ANALYSIS - SUPPLY HON-LINEAR PROPERTIES

REFERENCE TEMPERATURE= 70.000 (TUNIF= 70.000)

C"'* ELEMENT TYPE AND MATERIAL PROPERTIES



ANSYS(R) -COPYRIGHT(C) 1971, 1978, 1982, 1983, 1985,. 1987 SWANSON ANALYSIS SYSTEMS, INC. AS-AN UNPUBLISHED WORK.

FOR SUPPORT CALL CDC - PHONE TWX

AXliG - EVAL. FOR AXIAL CASE 1-11, DWG. 48N0210-16, EL. 7131-O-

***** POST1 REACTION FORCE LISTING ***

LOAD STEP 16 ITERATION= 20 SECTION= 1

TIME= 0.0000 LOAD CASE= 1

THE FOLLOWING X,Y,Z FORCES ARE IN NODAL COORDINATES

12.6508 AUG 27,1991 CP= 36.067

6 OF...7.

NODE FX FY
1 15.055076 -1.2048088
4 -1.2946975
7 16.972626 - .90209648

'10 - .78326678
104 -15.049075 0.0000000
110 -16.972627 0.0000000

TOTAL .60000189E-02 -4.1848695

FZ
..0694231
1.0960269
.553906"
.54928806
0. 0000000
0.0000000

MX.

-10. 2755 00

.18449400
0.0000000
0.0000000

0. 0000000
0.0000000

3.2686445 -10.091006 0.0000000

PRINT NODAL DISPLACEMENTS
1 ANSYS -ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10 CDC-TVA

0. 0000000
0.0000000

0.0000000

JAN 1,1987

ANSYS(R) COPYRIGHT(C) 1971, 1978, 1982, 1983, 1985, 1987 SWANSON ANALYSIS SYSTEMS, INC. AS AN UNPUBLISHED WORK.
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL CDC PHONE TWX

*AXllG - EVAL'. FOR AXIAL' CASE 1-11, DUG. 48N1210-16, EL. 7131-011

* . ~ POST1 NODAL DISPLACEMENT LISTING

* LOAD STEP 16 ITERATION= 20 SECTION= 1
* TIME= 0.0000. LOAD CASE= 1

*THE FOLLOWING X,Y,Z DISPLACEMENTS ARE IN NODAL COORDINATES

12.6508 AUG 27,1991 CP=

-NODE

2
3
4
5

*6
* 7

8

12
21

*22
23

* 31
* 32

33
*71

.72
81

*82
83
91
92
93.

102
103
104
105

-) 106
108
109
110
303

UX
0. 0000000
.13284711E-01
.41295400E -01
.62501505E-01
.95104981E-02
.44698745E -01
0. 0000000
.13070695E-01
.40724503E-01
.62501697E -01
.41960892E-02
.85812173E-02
.19749639E -01
.26726643E-01
.33970430E-01
.47542223E-01
.53159016E-01
.58087126E-01
.40938538E -02
.84018558E-02
.19542765E-01
.26515243E-01
.33690575E -01
.46815721E-01
.52434T74E-01
.57607050E-01
.13284711lE-01
.41295400E-01-
0.0000000
.95104981E-02
.44698745E -01
.13070695E-01

.40724503E -01
0.0000000
.59871 108E-O1

UY
0. 0000000
.3694125 1
.49915962
0.0000000
.39115 152
.52035678
0. 0000000
.41569979
.54429379

-'0:0000000
.13540926
.26099522
.47199529
.52777533
.53101189
.43453958
.32253036
.17273163

.29392251

.5294812 1

.59073063
.59545478
.45227589
.32406009
.16922275
.3694125 1
.49915962
0. 0000000
.39115152
.52035678
.4 1569979
.54429379
0.0000000
1.8128959

UZ
0 .0000000
.22211774
.39289535
0 .0000000
.9813 1041E -01
.18391982
0.0000000

- .41610257E-01
,- .51893616E-01

.0.0000000
.76576526E-01
.15165265
.30120954
.36576637
.4139777
.30992312
.21449552
.11030570
.15762598E-01

.-. 29802543E-01
- -.. 51925428E-01
--. 57243000E-01
-.57219278E-01
.-.43633459E-01
- .31806213E-01

.17057607E-01

.22211774

.39289535
0.0000000
.98131041E -01
.18391982

-.41610257E-01
-.51893616E-01
0. 0000000
.56363078

ROTX
.33684710
.31028197
.26562120
0.0000000

- .53781952E-02
- .90698438E-02
- .9717956BE-02
-.20797859E-01

- .19389094E-01

0.0000000
.3264 1901
.3175 1885
.3042 1399
.30 152883
.30256251
.19670367
.12998108
.64649701E -01

- .14147984E-01

- .17862873E-01

- .22774845E-01
ý.2324'.024E-01
- .22120017E-01

.1622369SE -01
-.. 11862234E-01

-.53898013E-02
- .90814528E-02

0. 0000000
- .53781952E-02
- .53T75235E-02
-.53645441E-02

- .90561924E-02
0. 0000000
.26562121

ROTY
- .91101187E-02
- .81796650E-02
* .269677I0E-02
.30774802E-02
.81412958E-03
-.2.5478280E-03
.12664394E-02
.81655014E -03

- .25627922E-03
-. 16297491E-02
- .91252533E-02
-.87964233E-02
-.70673511E-02

- .57037697E-02
-.42422974E-02
-.11012726E-02

.39187086E -03
.17632624E-02
.114'96242E-02

*.29328285E-03.
.16376038E-04
,.48741525E-03

- .69622625E-03
- .87771515E-03

.81526660E-03
- .25670009E-03
0 .0000000
-.Z3215148E-02

- .23300390E-02
.81655014E-03

- .25627922E-03
0.0000000

- .26967709E-02

ROTZ
.19805316E-01
.14353111E-01
-.791 02870E -02
-.20930898E-01
.20582988E-04

- .56095217E-05
.21009426E-01
.14B82771E-01
-.84131043E-02
-.20190966E-01

.19065666E-01

.17192083E-01
.96666456E-02
.41167441E-02

- .18105459E-02

-.13075150E-01
- .17376679E-01

-.201 972 17E -01
.20276553E-01
.1817 1346E-01
..95796673E-02
.35960744E-02
-.25698196E-02
-. 13122252E-01
.16869T76E-01
-.19323451E-01
.23232819E-03
-.21721329E-03
0.0000000
.36210506E-02
.33438588E-02
-.21881236E-03
.23364654E-03
0. 0000000
-.79102869E-02

36.078



BRANCHO PROJECT I.D..

309 .41599177E-01 ."4725731 - .55754795E-01 -.19389076E-01 -.2

MAXIMUMSI NODE 10 303 303 1
I VALUE .62501697E-01 1.8128959 .56363078 .33684.710 -. 9

.PRODUCE DISPLACEMENT PLOT, KUNDv 0

* CUMULATIVE PLOT NUMBER 7 WRITTEN TO FILE FILE33-DAT -RASTER MODE.
* PLOT TITLEc AX11G - EVAL. FOR AXIAL CASE 1-11, DWG. 48N1210-16, EL. 7131-D"1

PRODUCE DISPLACEMENT PLOT, KUND= 1

CUMULATIVE PLOT NUMBER 8 WRITTEN TO FILE FILE33 DAT RASTER MODE.

PLOT TITLE= AX11G - EVAL. FOR AXIAL CASE 1-11, DUG. 48M1210,16, EL. 713'-0"-

VIEW POINT FOR WINDOW 1 1.0000 1.0000 1.COOO

PRODUCE DISPLACEMENT PLOT, KUND= 0

CUMULATIVE PLOT NUMBER 9 WRITTEN 10 FILE FILE33-DAT - RASTER MODE.

PLOT TITLE= AX11G - EVAL. FOR AXIAL CASE 1-11, DWG. 48N0210-16, EL. 713'-0O"

PRODUCE DISPLACEMENT PLOT, KUND= 1

* CUMULATIVE PLOT NUMBER 10 WRITTEN TO FILE FILE33 DAT -RASTER MODE.

* PLOT TITLE= AX11G EVAL. FOR AXIAL CASE 1-11, DWG. 48N1210-16, EL. -/131-0--

***ROUTINE COMPLETED *** CP

~627922E-03 - .84131043E-02

11
1252533E-02

7
.21009426E -01

36. 292

ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10 CDC-TVA JAN 1,.1987
ANSYSCR) COPYRIGHTCC) 1971, 1978, 1982, 1983, 1985, 1987 SWANSON ANALYSIS SYSTEMS, INC. AS AN UNPUBLISHED WORK.
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL CDC .PHONE TWX

AX11G -EVAL. FOR AXIAL CASE 1-11, DWG. 4801210-16, EL. 7131-0"

***** GENERAL GRAPH POSTPROCESSOR (P05T26) -~

ALL POST26 SPECIFICATIONS ARE RESET TO INITIAL DEFAULTS

/SHOW SWITCH PLOTS TO FILE FILE33-DAT -RASTER MODE.

MAXIMUM NUMBER-OF VARIABLES= 50

USE NCUMIT AS TIME VARIABLE

'VARIABLE 2 IS ELEMENT 1 ITEM 53 NAME= 1 TEMP

START COPY FROM INPUT TO STRN EXT=

C*** STORE.STRAINS FOR CHANNEL

END FILE CFSEATE

START-COPY FROM INPUT TO

END FILE CREATE

VARIABLE 3 1S ELEMENT

VARIABLE 4 IS ELEMENT

12.6511 AUG 27,1991 CP=

DSP EXT=

ITEM 215 WNAE= ARGi EE01

ITEM 216 NAME= ARG1 EP01

36.294



BRANCH PROJECT I.D.

AN5YS INPUT DATA LISTING (FILE18)

1
.2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
'45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 Kl=(400*4)

~ATT ACHr.4ENT 1

* SAL 7/31/91

~~~~' ANSYS INPUT DATA LISTING (FILE18)

C*** GAP=(1132)
GAP=( 1/32)
FSL=(20.8*4)
R,8,K1 ...,GAP ,FSL
C*** GAP=O
R,5,Kl ...,GAP ,FSL

* SAL 8/14/91

*NODE 1

*NODE 9

/PREP7
/TITLE, PR8G1 - EVAL. FOR PROXIMITY CASE 8(G), DUG 48N967-1, EL. 7741-011, LOOP 4

/CON
/COM BRANCH/PROJECT ID :WCG-1-969
/CoN
/COM PREPARED BY :SAL 8/15/91

/CON CHECKED BY J. OU 8/15/91
/CON
ICOm FOR COMPARISON BETW. USING GAP ELEMENT AND IMPOSED DISP.

ICom USE GAPS ON BOTH NODE 1 AND 9
ICOm ONE LOAD STEP BEFORE GAPS CLOSE
/CON
/CON INPUT: PR8G1
/COM OUTPUT: PR8G1R
/CON FILE12: PR8G1F
/COM PLOT: PR8GlP
/Com
C** ANSYS ANALYSIS OPTIONS AND REFERENCES
KAN, 0
KAY ,6,1
KNL,l
TREF,70
C*** ELEMENT TYPE AND MATERIAL PROPERTIES
E T.*1 24 .. .. I
E T,2#4, ,O,,,,
ET,3,14;,-,
ET,4,40 ...2 *DOF=Y

C*** MATERIAL PROPERTIES
EX,1, 29000
RP3,1
ALPX, 1,6.5E-6
RP3,1

DENS,1,0.92E-3
DENS,2,0.70E-3
DENS,3, (O.283E-3+Z.95E-3)
DENS, 4, 0.283E -3

MPTEMP,1 ,70,100,200,300,400
RP4,1
MPDATA,EX, 1,1 ,29.0E3,28.9E3,28.3E3,27.9E3,27.4E3
RP4,,1
MPDATA,ALPX,1,1,6.5DE-6,6.50E-6,6.50E-6,6.67E-6,6.86E-6 *ALPX=6.29 MU FOR 10OF

RP4,,1
,C***, NONLLINEAR M'ATER IAL CONSTANT
*CREAT, MNL
NL,ARG1 ,13,10
NL,*ARG1, 19, 70 ,100, 200, 300, 400
NL,ARG1,25,36,36.0,36.0,36.0,36.0
NL,ARG1 ,31,150, 150,150,150,150
*END
*USE,MNL,1
*USEMNL,2
*USEMNL,3

C*** MEMBER CROSS SECTIONAL PROPERTIES
R,1,3.54,8.0,8.0,4.0,4.0 *TS4X4X.25
R,2,1.44,1.24,1.24,3,3, * L3X3X.25
RMORE, ,O.03



BF=4 * WIDTH.
D=4 * DEPTH
TW=O.25 - WALLTJIICKNESS
C"'*
AA=(9F-TW)/2
BB=(D-TW)/2
QA=AA12
08BBB/2
'STAT
R,3,AA,BB,O,QA,BB,TW *STIF24 RE

RHORE,O,BB,TW, -OA,BB,TW
RHORE, -A,BB,TW, -M,QB,TW
RMORE, -M,O,TW,-A, -QB,TW

RMORE, -A, -BB,TU, -QA, -BB,TW
RMORE,O,-BB,TW,QA, -BB,TW

RMORE,AA, -BB,TW,AA, -OB,TW
RMORE,AA,O,TW,AA,QB,TW
RMORE,AA,BB,TW

C***

'CREATE,ANGL
D=ARG2 *D=DEPTH

AF=ARG3 'AF=FLANGE *ANGLE L

TAW=-ARG4 *TAU,-THICKNESS

XBR=ARG5 *XBAR=CENTROID X FROM AISC

YBR=ARG6 *YBAR=CENTROID Y~

C"' *

XX=AF-(TAW/2) * *4 *3 *2

YY=D-(TAWI2)
XO=XBR-(TAW/2) ' 5 CG(XBAR,Y

YD=YBR- (TAW/2)
XX=XX-XO *6

YY=YY-YO
MX=XXI2 * 7

MY=YY/2
*IF,ARPQ7,LE,1,:RAN
X=-XX SXO=-XO SMX=-N4X 'CHN SIGN F(

:RAN
R,ARG1 ,XX,YO,O,MX,YO,TAW
RMORE,O,YO,TAW,-XO,YO,TAW
RMORE,-XO,O,TAW, -XO,-MY,TAW
AMORE, -XO, -YY,TAW
*END
-USE,ANGL,4,3,3,O.25,O.842,O.8

42,1 *L3X3Xl/4

C"'* NODAL COORDINATES
N, 1,0,62
N, 101,0,64
w,2,6.5,61
N, 102,6 .5 ,61
N, 202, 6.5 ,61
N,3,43,56
N, 103 ,43 ,56
N,4,50,55
N,5,22,38

AL PROP. - TS ~ATTACHtASNT

X AF X TAW

*1

BAR

ARG7O0 OR DEFAULT CASE

FOR ANGLE SHOWN LEFT
WHERE
FLANGE IS'ON RIGHT OF
WES

1)

)R FLANGE ON LEFT OF WEB

LEFT FLANGE

SNDD=300
SFILL,1,2,1,NDD+11,1

SFILL,2,3,8,NDD+21,1

SFILL,3,4,1,NDD+31,1

""""" ANSYS INPUT DATA LISTING (FILEiB) " " "

N,6,6.5,37'
N, 106,6 .5 ,37
N,7,6.5,18
N,8,25,12
N, 108, 25 ,12
N, 208 ,25 ,12
N,9,0,0 SFILL,2,6,5,NDD+65,1

N,109,0,-2 .SFILL,6,7,5,NDD+75,1

N,10,6.5 SFILL,9,10;1,NDD+91,1 SFILL,7,1O,5,NDD+105,1

N,11,26.5 - SFILL,10,11,4,NDD+101,1
N,12,31 SFILL,11,12,1,NDD+111,1
N,99,6.5,61,100
N, 100, 6.5, 0, 100
C"'* ELEMENT CONNECTIVITIES
MAT,l STYPE,l SREAL,3 'TS.4X4X.25

EN,1,1,311,99 S,311,311,2,99

EN,2,2,321,99 S,321,321,322,99 SRP7,1,1,1 SEN,328,328,3,99

EN,3,3,331,99 S,331,331,4,99

B'rlANCJH PROJECT I.D.
w/C4 -'-91b



MAT,2
EN,12,9,391,100 S,391,

EN,14,11,411,10
0 ' S,411,

MAT,4 STYPE,2 SREAL,2
EN ,4,2, S
EN ,5 .3,5
EN, 6,6,5

MAT,3 STYPE,1 SREAL,4

EN,7,2,365,l00 S,365,

EN,8,6,375,l0O s,375.,
EN,9,7,405,100 S,405,

MAT,4 STYPE,2 SREAL,2
EN, 10,7,8
EN,11,11,8

C*** SPRING (STIF4O)
TYPE,4 SREAL,8 *SF

EN,15,1,1O1
REAL,*5
EN, 16,109,9

391,1¶0, 100
401,402,100 .SRP3,1,1,1 .SEN,.404,404,11,100
411,12,100

* L3X(3X.25

* L3X(3X.25
365,366,100
375,376,100
405.,406,100

* L3X(3X.25

SRP4, 1,1, 1
SRP4, 1, 1,1
SRP4,1,1,1

SEN,369,369,6, 100
SEN,379,379,7, 100
SEN,409,409, 10,100

RING Y

-165

166
167
168
169
170
171
172
173
174

__ 175m 176
-177

* 178
179

- 180

-181

182
183

* 184
185

* 186
187
188
189
190
191

* *..192

193
194
195
196

* 197
* 198

*199
200
201
202
203
204
205@9 206
207
208

* * 2D9

C*** BOUNDARY CONDITIONS

D,1,UX,,,;,8,UZ,ROTX *SAL 7/12/91
D,4,UY ...12,8 *SAL 7/15/91
D, 101, ALL
0, 109,ALL

C*** SPECIFY ROTATIONAL SPRINGS
PSPRING,1,ROT,12282,,2 *ROTY
PSPRING.,1,ROT,23598 ...2 * ROTZ

PSPRING,9,ROT,7475,,2 * ROTY
PSPRING,9,ROT,19965,...2 ROTZ

C*** ANALYSIS OPTIONS
ITER, -20,20
TREF ,70
POSTR,,1,5

~~ ANSYS INPUT DATA LISTING (FILElS)

C*** PLOT GEOMETRY AND BOUNBARY CONDITIONS
/SHOW
/PNUM, NODE, 1
EPLO
/SHRINK,0.3
/PNUM,NODE,-1
/PNUM,ELEM, 1
EPLO
/PBC,ALL,1
/PNUM,ELEM, -1
EPLO
C*** LOADING CASES
C*** TEMPERATURE LOADS *

* CR EAT ,MAC
TUNI F,ARG1
LWR ITE
*END

C** PEAK~ ACCEL.CG): NS=3.5 EW-3.25 VT=1.4
C*** FACTOR: M4F=1.5
KMHFz.5 SGX=KMF*3.5 SGY=MMF*3.5 SGZ=MMF*1.4

C*** DL+SSE XZ-PLANE
C** ACEL,-GX,O,GZ+1
C*** *USE,MAC,70

C** DL+SSE YZ-PLANE
ACEL,,-GY,GZ+1 SAL 7/15/91
C*- -USE,MAC,70

BRANCH PROJECT I.D.
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210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

* 229
230
231
23 2
233
234
235

* 236
237
238
239
240

* SAL 7/24/91 BRANCH PROJECT I.D.

-USE,KAC,210
RP12,,10
*USE MAC,327

AFWRITE.,,
FIN!ISH
/INPUT,27
FIN!ISH
/POST1
/SHOWJ
NLINE,200
*CREAT,PLO
SET ,ARG1
PRRFOR
PRO ISP
PLO ISP
PL I SP, 1
*END
-USE,PLD,l
*USE,PLD,13
FINISH

/P0ST26
LI HE, 200
HUMVAR,50
TVAP,1
ESTR, 2, 1,53,TEMP
*CREATESTRN

I ý.T ikhZH.l..NT p I

ANSYS INPUT DATA LISTING (FILE18)

ESTR,3,$LRG1 ,215,EEO1
E-,TR,4,ARG1 ,216,EP01
ESTR,5,ARG1 ,239,EE05
ESTR,6,AR31 ,240,EP05
ESTR,7,ARG1 ,263,EEO9
ESTR,8,ARG1 ,264,EPO9
ESTR,9,ARG1 ,287,EE13
ESTR,10,ARG1 ,288,EP13
PR VAR, 2,3,4 ,5,6
PRVAR,2,7,8,9, 10
*END
C***

*CREAT ,OSP
OISP,21 ,ARG1,UX,UX
DISP,22,ARG1,UY,UY
OISP,23,ARG1,UZ,UZ
PROO,24,21 ,21,,UXUX
Pkro,25,22,22, ,UYUY
PRO , 26 ,23 ,23 ,,UZUZ

AC27, 24 ,25 ,26 ,SS
SORT,28,27 .. ,SRSS
PRVAR,2,21,22,23,28
*END

*USE, STRN, 311
*USE,DSP,2
-USE ,STRH ,391
*USE,DSP,10

C*USOP

*USE,DSP,l

*USE,DSTR,7

*USE,STRH,36
*USE,DSP,365
*USE, STRN ,366
-USE,DSP,367
*USE,*STRN ,367

-USE,DSP,368

. s~5~



*USE,STRN,368
'USE ,DSP ,369
*USE,STRN,369 -

-USE,DSP,6
-USE,STRN,B

'USE ,DSP ,375
C"'*

'CREAT,*RF0R
RFORC,31 ,ARG , FX,RFX
RFORC,32,ARG1, FY ,RFY
RFORC,33,ARG1 ,FZ,RFZ
RFORC,34,ARG1 ,MX,RH.X
RFORC,35,ARG1,MY,RMY
RFORC,36,ARG1 ,MZ,RNZ
PRVAR,31 ,32,33,34,35,36
*END
-USE,RF0R,l
-USE,RF0R, 101
-USE,RF0R,413
'USE,RF0R,9

""""" ANSYS INPUT DATA LISTING (FILE18) " " "

'USE,RFOR, 109
'USE ,RFOR,415
C"'*
*CREAT,ST40
ESTR,41 ,ARG1 ,3,STR1
ESTR.,42,ARG1 ,4,STR2
ESTR,43,'ARGI,5,UI
ESTR,44,ARG1 ,6,UJ
ESTR,45,ARG1 ,7,SLIDE
ESTR,46,ARG1 ,8,STAT
ESTR,47,ARG1 ,9,OSTA
ESTR,4$,ARG1 ,10,KCON
PRVAR,2,41 ,42,43,44
PRVAT ,2,45, 46,47,48
'END
*USE,ST4O,15
'USE,ST4O, 16
FINISH

ANSYS -'ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10 CDC-TVA

BRANCH PROJECT i.D.
wcc, -1-969

I-T;; C H. ENT

S,.EE7 57 OF -

JAN -1, 1987
ANSYS(R) COPYRIGHT(C) 1971, 1978, 1982, 1983, 1985, 1987 SWANSON ANALYSIS SYSTEMS, INC. AS AN UNPUBLISHED WORK.

PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL CDC PHONE TWX

TITLE 12.6814 AUG 27,1991 CP=

**"' ANSYS ANALYSIS'DEFINITION'(PREP7) "***

NEW TITLE= PR8G1 - EVAL. FOR PROXIMITY CASE 8(G), DWG 48N967-1, EL. 7741-011, LOOP

BRANCH/PROJECT 10 WCG-1-969

PREPARED BY : SAL
CHECKED BY J. OU

8/15/91
8/15/91

.FOR COMPARISON BETW. USING GAP-ELEMENT AND IMPOSED DISP.

USE GAPS ON BOTH NODE 1 AND 9
ONE LOAD STEP BEFORE GAPS CLOSE

INPUT:
OUWTPUT:
FILE12:

* PLOT:

PR8G1
PR8G1R
PR8G1F
PR8GlP -

C**' ANSYS ANALYSIS OPTIONS AND REFERENCES

ANALYSIS TYPE= 0 (STATIC ANALYSIS)

LARGE DEFLECTION SOLUTION (KAYO6)=1

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318



BRANCH PROJECT I.D.
VAJC4-969

FOR LOAD STEP= 13 ITERATION= 20 SECTION= 1

TIME= 0.00000 LOAD CASE= 1

TITLE= PR8Gl - EVAL. FOR, PROXIMITY CASE 8(G), DWG 48N967-1, EL. 774"-0", LOOP

,PRINT REACTION FORCES PER NODE
.IANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10 CDC-TVA JAN 1,1987

ANSYS(R) COPYRIGHT(C)' 1971,' 1978, 1982,' 1983, 1985, 1987 -SWANSON ANALYSIS SYSTEMS, INC. AS AN UNPUBLISHED WORK.

'PROPRIETARY DATA -. UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. -ALL RIGHTS RESERVED.

FOR SUPPORT CALL CDC PHONE TWX

PR8G1 - EVAL. FOR PROXIMITY CASE 8(G), DUG 48N967-1, EL. 7741-011, LOOP

SPOSTI REACTION FORCE LISTING

LOAD STEP 13 ITERATION= 20 SECTION= 1

TIME= 0.0000 LOAD CASE: 1

THE FOLLOWING X,Y,Z FORCES ARE IN NODAL COORDINATES

12.6931 AUG 27,1991 CP=

NODE FX
1 .39634.196

- .39634196

0. 0000000
0.0000000

FY

-1.4231010

2.5637629
- 13. 576338
9.38"4149

414
415

TOTAL .57180216E-09 -3.0492608

FZ MX MY MZ
1.0985287 -9.2391064

.70198716 4.0701865

0.000O600 0.0000000 0.0000000 0.0000000
0.0000000 0.0000000 0.0000000 0.0000000

0.0000000 -18.173587 0.0000000
0.0000000 0.0000000 -35.983550
0.0000000 -7.629957"7 0.0000000
0.0000000 0.0000000 8.5199924

1.8005159 -5.1689198 -25.803545 -27.463557

PRINT NODAL DISPLACEMENTS
ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10

ANSYS(R) COPYRIGHT(C) 1971, 1978, 1982, 1983, 1985, 1987 SWANSON
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS
FOR SUPPORT CALL CDC PHONE TWX

PR8G1 - EVAL. FOR PROXIMITY CASE 8(G), DWG 48N967-1, EL. 7740-0O" ,LOOP

*** POSTI NODAL DISPLACEMENT LISTING

LOAD STEP 13 ITERATION: 20 SECTION: 1
TIME= 0.0000 LOAD CASE: 1

.,.THE. FOLLOWING. X,Y,Z DISPLACEMENTS ARE IN NODAL COORDINATES

CDC-TVA JAN 1,1987
ANALYSIS SYSTEMS, INC. AS AN UNPUBLISHED WORK.
PROHIBITED. ALL RIGHTS RESERVED.

12.6931 AUG 27,1991 CP= 35.563

* NODE

2
* 3

4
5
6
7

* 8
9

10

12
*101

109
311-
321
322

* 323
324I9 325
326
327

'328
331

UX
0.0000000
.12908086E-01
.74055557E-01
- 84423773E- 01
.25123251E-01

- .33016237E-02
-.- 14880760E-01
.27394063E-01
0.0000000
.1 1480626E-01
*.46909213E-01
.54828151E-01
0. 0000000
0. 0000000
.64810458E-02
.20646289E-01

* .28083961E-01
*.35244084E-01
.42152762E-01
.48839218E -01
.55335780E-01
.61677869E -01
.67903961E-01
.79257584E-01

UT
.39735211lE-01
.48526651E-01
-.15404434E-01
0.0000000

- .18843432E-02

-. 1458.4376E-01
-. 12577200E-01
.87897620E-02

-.37116509E-01
- .33852437E-01
- .998.46820E-02.
0. 0000000
0.0000000
0.0000000
.44305174E-01
.5171861 8E -01

*.52711397E-01
.51680230E-01
.48820990E-01
.4435018SE-01
.38504974E-01
.31543169E-01
.23743262E-01
.78269974E-02

UZ
0. 0000000

- .11163992E-01
-.99324985E-01
-. 11772844
-.53W8352E-01

- .13689831E-01

- .39494171E-02
- .35361194E-01
0. 0000000

.. 71859161E-02
- .32497120E-01
-.38385101E-01.
.0.0000000
0. 0000000

- .52265068E-02

- .19303362E-01

- .28105478E-01
- .374"4992E-01
- .47209073E-01.
- .57297412E-01
- .67622210E-01
- .78108178E-01
-.88692530E -01

- .10852473

ROTX
0.0000000
.36137257E-03
.48770534E-03
.48770812E-03
.29865523E-03

- .39732926E-03
.16766035E-03
-.50237181E-03
0.0000000

- .18942612E-03

-.30593186E-03
-.30579107E-03
0.00000(00
.0.0000000

.38848481E-03

.41134889E-03
'43037910E-03
."4599391E-03
.45861539E-03
.46866869E-03
.47658148E-03
.48278335E-03
.48775575E-03

ROTY
.14796928E-02

18a6l3742E-02
.25527004E-02
.25552903E -02
.25305078E -02
.26325591E-02
.18514510E-02
.174211B0E-02
.1020730 1E-02
.11666963E-02

... 13054160E-02
.13059292E-02
0.0000000
0. 0000000
.16941518E-02
.20372141E-02
.21812414E-02
.22964827E-02
.23859625E -02
..24527039E-02
.24997285E-02
.25300568E-02
.25467079E -02
.25549665E -02

ROTZ
.15248559E-02
.13109438E-02
-.18518054E-02

- .19936275E-02

-.93839907E-03
-.- 14685135E-02
.13475793E-02
.-13634989E-02

-.42674643E -03
.16937171E-03
..21426074E-02
.22512665E-02
0. 0000000
0. 0000000
.17165543E-02,
.74979192E-03
.22919839E -03
-.24575007E-03
-.66996523E-03
-. 10383571E-02
-.13458333E-02
-. 15872992E-02
-. 17576569E-02
-. 19576238E-02

35.549

OF



.15448238E-01

.14950167E-01
*. 12027602E-01

.74202639E-02

.19871410E-02
- .85428536E-02
-. 1324439BE-01
-.- 16840257E-01
-.-18732628E-01
-.- 13295885E-01

.574035a88-02

.18570879E-01

.25658979E-01

.32744463E-01

.39827616E-01
* .106313988-01
- .53709348E-02

.16384-711E-03

.52636700E -02

.92504153E-02

.50868817E-01

4

.42894,097E-01

.37250625E-01

.31597790E-01
;.25936167E-01
.20265392E-01
.10076225E-01

-.55608949E-02
.10376654E-02

- .34937652E-02
- .80327760E-02
* .3846931SE-01
- .36779838E-01
- .32301187E-01
-.- 25979460E-01
- - 1362825E-01
-. 16944178E-01
-. 21314482E-01
- .25689379E-01
- .30070219E-01
- .34457897E-01
- .50535082E-02

- .13626651E-01
-. 15682506E-01
- .16880058E-01
* -16959449E-01

ý-.-15854246E-01

S. 12666846E-01
-.-10947024E-01
"-.88228851E-02
-.66553873E-02

- .48695603E-02
- .34743046E-02
- .11978972E-01
-.- 16963066E-01
- .22077421E-01
- .27269923E-01
- .51555064E-02
-.64280665E-02

- .74725787E-02
- .80530705E-02
-79947316E-01
-.35440848E-01

322 4
.52711397E-01 - .11772844

.3971,1692E-03

.30609863E-03

.13408415E-03
-;71563787E-04
-.26402008E-03
- .57537445E-03
- .67182795E-03
- .66537303E-03
-. 53574851E-03
-.26393645E-03
- .94937338E-04
-.21241367E-03
* .23556191E-03
-. 25886611E-03
* .28232333E-0'i

.3'905819E-03

.36174752E-03

.31339070E -03

.192498922-03

.18292050E-04
- .30582626E-03
0 .0000000
0. 0000000
0. 0000000
0 .0000000

376
- .67182795E-03

.31027066E-02

.39589856E-02

.43826839E-02

.432113124E-02

.37556682E-02

.3395641SE-02

.38022357E-02

.38485915E-02

.35351892E-02

.28666475E-02

.110852"4E-02
.12226025E -02
.12622611E-02
.12878392E-02
.13015025E-02
.24671846E.-02
.27714307E-02
.27742568E-02
.249207a8E-02
.19471157E-02
.13058650E-02
0.0000000
0 .0000000
0. 0000000
0. 0000000

BR~ANCH PPOJECT I.D.

.42249356E-03

.33805953E-03
-.93842648E-03
-. 134696-47E-02
-. 15332264E-02
-. 14644299E-02
*12886460E-02
:92931888E -03 TC~J

.38055440E-(ýU ______________

-.33551520E-03
.84132108E-03
:13709242E-02
.17618811E-02.
.201'8820E-02
.17345572E-02
.18735131E-02
.17745845E-02
.14491328E-02
.90959985E-03
.22242103E-02
0. 0000000
0.0000000
0.0000000
0.0000000

367 12
.43826839E-02 '.22512665E-02

PRODUCE DISPLACEMENT PLOT, KUND= 0

CUMULATIVE PLOT NUMBER 6 WRITTEN TO FILE FILE33-DAT - RASTER MODE.

PLOT TITLE= PR8G1 - EVAL. FOR PROXIMITY CASE 8(G), DWG 4SN967-1, EL. 7741-011, LOOP

PRODUCE DISPLACEM4ENT PLOT, KUND= I

CIUMULATIVE PLOT NUMBER 7 WRITTEN TO FILE FILE33-DAT - RASTER MODE.
.PLOT TITLE= PR8G1 - EVAL. FOR PROXIMITY CASE 8(G), DUG 48N967-1, EL. 774'-0", LOOP

***ROUTINE COMPLETED *** CP= 35.715

ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.3 A 10 CDC-TVA JAN 1, 1987
ANSYS(R) COPYRIGHT(C) 1971, 1978, 1982, 1983, 1985, 1987 SWANSON ANALYSIS SYSTEMS, INC.,AS AN UNPUBLISHED WORK.
PROPRIETARY DATA -,UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
'FOR SUPPORT CALL CDC PHONE TWX

PR8Gl - EVAL. FOR PROXIMITY CASE S(G), DUG 48N967-1, EL. 7741-0-1, LOOP

***GENERAL GRAPH POSTPROCESSOR (P05T26)

ALL POST26 SPECIFICATIONS ARE RESET TO INITIAL DEFAULTS

NUMBER OF LINES PER PAGE SET T0200

MAXIMUM NUMBER'OF VARIABLES= 50

USE NCUIMIT AS TIME VARIABLE

VARIABLE 2 IS ELEMENT

START COPY FROM INPUT TO 51

12.6933 AUG 27,1991 CP=

1 ITEM 53 NAM4E= 1 TEMP

'RN EXT=

END FILE CREATE

START COPY FROM INPUT TO DSP

MAXIMUMS
NODE
VALUE

35 .717
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-WLLM0WrIPACKAGE COVERSH~

WALKDOWN PACKAGE NoT'7 - o7/I

Page Lof

WAITS BAR UNIT - 0, 1
MAIN STEEL/ PLATFO RMS /MIS CELLAlE OUS STEEL

ENGINEERI1NG WA.LKDOWN

Building: r-(Z*\C- I '

Elevation/Location: 774 'LU eP'

Walkdown, eam.:

Walkdown Team: 7, 't01oi{Ac
Accepted by
Walkdo~wa
T earn
Coordinator:

Drawing No .492(0~c7- I

Date.7-/

Date 7g

Date -7/&'C/

Revisions To Walkdowns (Sign and Date)

.3..

APPENDIX B
- PagelIof 1

Rev. G



BRANCH icoOJECT I.D. WEN
Wicc) -9-6c) TI-2007

Revision 0
Page 14 of 40

A2PPENDIX C__________

Page 1of 9

WAMroWN CNECKLIST_________
CIVIL CALCULATIONS PROGRAM (STEEL)

Walkdown Package No.1
Page ?- of ~
Member No. T Hp~

9)..



BRANCH PROJECT I.D.
WC4i-1-969

.APPENDIIX C
.Page. 2 of 9
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TT-2007/ E SI
Walkdown IPa~kage No. 1141
Page .-3 of 1,0
Member No. i TIUL P-

*With~in-Established If No,
Description ______ of____Criteria_______describe___*1

Attribute (Yes/No/NA) -deviation Comments

7. Flame Cut Edges

PýA -7;/9

8.Othe~rI

Attributes

B. Connections
(Bottom or left
connection)

1. Identification______
of connection

2. Size

3. Alterations

~reparer:
erifier:

Pate:
Date: 2~2Z

SHEET-.....OF ID

I

.9,
,7,
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-TI-2OO77/s(-!5
Walkdown Pack-a'e No. fL
Page .4- bf 1
Member No. I 77-H(, 0

tWithin Established If No,.
Description of Criteria describe

Attribute (ýsN/A deviation *Cor-rnents

4. Bolting x T

a. Type NJA 7(Nq/

b. Size

c. Number of

bolts

d. Bolt Spacing

e. Edge Distance

if. Locking
Devices

g. Nut Engagement

h. Washers

i. Bolt Tightness

5. Welding

a. Weld Existenqe
and Length

b. Weld Suze-

c. Unispecified
Welds

Preparer:
Verifier:

Date:
Date:

9)-,
1/ A/ --f
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Tll:zool/Es1-
Walkdown Package No.'La
Page .5 of 1
Member NO. TV fre- 8

Within Established If Ho,

Description Of Criteria- describe
.Attribute (Yes/Nd/UA') deviation. Comments

6. Exrpansion Anchor
Plate Assemblies T

NOTE Attach a sketch KAf
similar to
App~endiX G and
provide all
appli~cable info.

* 7. Embedded Platef________ ___________

* 8. Clearance at End..

B. Counecrions(cont'd)
(Top or Right
-Connections)

1. Identification ______

,of Connection

2. Size.

3. AlIterations-

preparer:
~Verifier:

*Date:
Date:

.,. .'.** *

S ýEIZ-1 OF

'0,
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Tl- 2007LES1
Wa13cdor Par-ka'ge No. ;
Page _ of 10
Mlember No. I ii'Hatl8
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ippmNfIX c
Page 6 of 9

TI -2007/ES I -

Walkdowný Par-kae N~o.1R.
Page '7 of _0

Member Hio. - IL14rhi d!

.9..>

V..
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Walkdown Package Ilo. TI 2007/ES I-7We
Page of Lo

1). Attachments ebrloa17HV

J_________ Date:7~~/
.1 ~~Date: 1r

S0

0*

Page 7 6f 9

Preparer:
Verifier!
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APPEINDIX C
Page 9 of 9

Walkdownm Package
Page 10) of lo
Member No.- I

lio.TI-2007/ES5l

T-rH rz 8.

* CORTMRATIOIO- SBET

L,ýO' 1

Nc RE F 1) J C- 4 8 N' 6-7 -1, 1Fu.

Preparer: ADate:
Verifier: Date:

71,i 9 '//

.


