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5.

PURPOSE:
THE PURPOSE oF THIS CAL CULATION 1S 70 FPRESENT EXAMPLES FOR HE

QUALIFICATION OF THE THERMALLY RESTRAINED STRUCTURES OF CATEGORY L
STRUCTURAL AND MISCELLANEDYS STEEL POPULATION,

APPLICABLE CRITERIA (MARKED "X"):
1. DS-C1.7.1 R4 General Anchorage To Concrete
2. DS-C1.7.3 RO Application of Baseplate II
3. Ds-Cl.8.1 R3 Standard Calculation for Evaluating Type 11 Embedded
. Plates
4. WB-DC-20-1 R6 Concrete Structures—General
5. WB-DC-20-2 R6 Reactor Building Concrete Structures
X_ 6. WB-DC-20-21 R6 Misc. Steel Component for Category I Structures
7. WB-DC-40-31.53 R4 Design Criteria for Pipe Whip Restraints,
Jet Deflectors and Sleeves - :
8. QIR-CEB-WBN-89-361 RO Auxiliary Control and Reactor Buildings
Acceleration & Response Spectra
9. WCG-1-370 RO Generation of OBE 4% Damping ARS for Umit 1 ICS, SCV,
and SB
10. WCG-1-377 RO Aux. Control Building 4% Damping Curves and Seismic
Forces ’
11. (Specify):

APPLICABLE CODES AND STANDARDS (MARKED "X"):

X, 1. AISC Manual of Steel Construction, 7th Edition
. 2.. AWS D.1.1-83, 1983, Structural Welding Code

A__3. ACI 318-77 Building Code Requirements for Reinforced Concrete
4. (Specify):

————

7239x
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11.1 Objective

The objective of this calculation is to present examples for the qualification of the
thermally restrained structures of Category I structural and miscellaneous steel

population.
11.2 Scope |

Two (2) example calculations are presented for the qualiﬁcation of the thermally
restrained structures: | V

Example #1 -

Qualification for an axially restrained member (W14x30), including connections and
concrete anchorage; The qualification of member considers both the Energy Balance
Method and the Nonlinear Acceptance Criteria. '

Example #2

Qualification for the axially restrained member (M4x13) identified in Problem #2 of
WCG-1-811 (Test Correlation Study for Thermal Use of Ductility Ratio) with the Energy
Balance Method.
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11.3 Methodology

Geometric Configuration

A W14x30 member in the RB Instrument Room ‘platform elevation 730’-10.5", as shown
in Figure 11.3.1 (for detail, see Drawing 48W902), is considered for Example #1. The
geometry of this member is presented in Figure 11.3.2.

The geometrié configuration of the member M4x13 used in Example #2 is shown in
Figure 11.3.3.

Loading Condition

According to AS8.1.2 of WB-DC-20-21, thermal effects and loads during normal
operating condition (To) can be ignored since the operating temperature of this member
does not exceed 120°F; Therefore, only loading combination (Sa) in Appendix A of
WB-DC-20-21 is selected for evaluation. Dead Load, Live Load, SSE Load as well as
Thermal Load are considered in this loading combination.

All loading data are obtained from the calculation WCG—1—769 and the G-values for SSE
loadings are obtained from the ARS results in WCG-1-343. 1.5 is used for the MMF
(Multi-Mode Magnification Factor) for Floor SSE loads and 1.2 is used for the MMF
for Conduit SSE loads. A unit weight of 0.786 pei is considered for Dead Load and
100.0 psf is used for Live Load. Unfactored conduit load and the pipe foot-print load
are directly obtained from the GTSTRUDL input file used in WCG-1-769.
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Mathematical Model -

ANSYS computer program is used for both éxample calculations. The ANSYS STIF4
element, a three dimensional beam element, is used to construct the model for the linear
analysis. The ANSYS STIF24 element, the three dimensional thin-wall plastic beam
element, is used in the model for nonlinear analysis. Both models used for linear and

nonlinear analysis for Example #1 consist of 13 elements and 12 nodes, as shown in

- Figure 11.3.4. ANSYS model for Example #2 is shown in Figure 11.3.5.

For the nonlihea.r analysis utilizing ANSYS STIF24 element, the cross-section of the

member is represented by twelve (12) rectangular segments defined by fifteen (15) stress

points as shown in Figure 11.3.6. A bilinear stress-strain property, as shown in Figure

11.3.7, is used to simulate the elastic-plastic material property in the nonlinear analysis.

29x10° ksi is used as the Young’s Molulus (E) and 1,500 ksi is used as the Tangent
Modulus (Et). 0.05 is considered as the factor of (E/Et) as recommended in ANSYS
User’s Manual, Section 2.27. 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. 36 ksi is used as the Yield Strength and 6 5x10% in/in-°F
is consider as the Coefficient of Thermal Expansion. Incremental temperature steps are

utilized to represent the temperature change

Qualification of Members- Linear Acceptance Criteria (Energy Balance Method)

The Exiergy_ Balance Method provided in DG-C1.6.12, RO is used for the qualification
of the member. The allowable ductility ratio is determined per WB-DC-20-21. The P-
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delta effect, resulting from the thermally induced axial force and lateral deflections of the
member due to non-thermal load, is taken into account to calculate maximum combined
stress. The energy balance method is not abplicable if the calculated combined stress
exceeds the ultimate strength (Fu=58 ksi).

Qualification of Members- Non-linear Acceptance Criteria

The dlsplacement based ductility ratlo requxrement is considered for the quahﬁcatxon as
presented in Section 11.4.2. The allowable ductlhty ratio is determined in accordance
with WB-DC-20-21.

Qualification of Connections

The weld connections at both end of the member W14x30 are qualified based on an
allowable stress level of two thirds of the nominal tensile strength of the weld per DG-
C1.6.12, RO. The forces and moments at both ends of the member obtamed from the
ANSYS nonlinear analysis results are considered.

Qualification of Anchorage

Same forces used to qualify connections are considered for the Anchorage. The

| baseplates are evaluated using the BASEPLATE II computer program.. The maximum

plate principal stresses and bolt tension loads are evaluated, The CONAN methematical
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model is used to evaluate the concrete capacity. The model incorporates the critical case
of having two free edges on both side of the plate. Maximum tensile loads are used.
The concrete free edges and punching shear are evaluated by hand caléulations. Shear
loads on the bolts as well as "pullwout” created by tensile loads on the anchor head are

SRV Hofay
grouped together due to extreme overlapping.
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Figure 11.3.1 Member Considered in Example #1
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Figure 11.3.2 Geometric Configuration of Member W14x30 for Example #1
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Figure 11.3.3 Geo‘metﬁc Configuration of Member M4x13 for Example #2
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Figure 11.3.4 ANSYS Model of Member W14x30 for Example #1
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Figure 11.3.5 ANSYS Model of Member M4x13 for Example #2
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Figure 11.3.6 Stress Point Definition for ANSYS STIF24 Element
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Figure 11.3.7 Material Properties Used in ANSYS Nonlinear Analysis
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11.4 Qualification of Member W14x30 (Example #1)
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11.4.1 Member Qualification - Linear Acceptance Criteria (Energy Balance Method)

Two (2) linear analyses are performed using ANSYS program. The first analysis
considers a loading combination of DL, LL, and SSE loads in Z (vertical) and Y
(horizontal) directions (coordinate system used in ANSYS model) with an uniform
temperature increase from 70°F to 255°F. The second analysis considers a loading
combination of DL, LL and SSE loads in Z (vertical) and X (horizontal) directions with
'~ an uniform temperature increase from 70°F to 255°F. The input files of these runs are
provided in Section 11.6.1. The analysis results indicate that the first loading
combination is most critical, therefore, the results from the first loading combination are

used for the qualification of the member.

‘W’

W14x30 Properties

d = 13.841in; be = 6.730 in
t, = 0.270 in ; te = 0.385 in

Ix = 291.0 in*; Sx =42.0in’; x =5.73in
Iy = 19.6 in* ; Sy =5.82in®; ry = 1.49 in

Equivalent Properties using coordinate system in ANSYS analysis:

Iy = 291.0in*; Sy = 42.0 in®
Iz =19.6in* ; Sz = 5.82in’
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Table 11.4.1.1 documents the calculated nodal displacements from ANSYS analysis.
Table 11.4.1.2 documents the calculat_ed nodal stresses and forces. Table 11.4.1.3
documents the reaction forces at both ends of the member. See Figure 11.3.4 for

locations of the nodes and elements.

Maximum combined stress = 40.93 ksi (see Table 11.4.1.2, node 13)
~ (From Linear Analysis Results) '

Account for the P-del effect of the membér due to thermally induced axial load and

deflections resulting from non-thermal loads.

My = P * uz = 310.5 * 0.0047 = 1.46 k-in
Mz = P *uy = 301.5 * 0.02] = 6.52 kein

uz = Max deﬂechon inz dlrecnon (node 5)

uy = Max. deflection in y direction (node 5)
Maximum Combined Stress=.40.93 + My/Sy) + Mz/Sz)

= 40.93 + (1.46/42) + (6.52/5. 82)

= 42.08 ksi

42.08 ksi < Fu = 58 ksi ==> Energy Balance Method Applicable

42.08 > Fy = 36 ksi ==> Eq. 7 of DG-C.1.6.12 is used

Whel'e P Max —AXJal Force el _._;____;,_“_____.;, __—__-__ &__:_‘ -
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p =05 @Pr/Py)* + 1]
= 0.5 [ (42.08/36)* + 1]
=118 < pgw =15 0.K.

The member is qualified per WB-DC-20-21.



By

Ghd

EBASCO SERVICES INCORPORATED
BRANCH/PROJECT ID: WCG-1-771

Date

{ 1n-9]

Chkd. by_ & Ll Date_.

<1—/o-J9/

Client___TVA
Project_WBNP Unit 1

Subject_Example Calculation for Qualification of Thermallv Restrained Structures

Sheet 4€/-of éflﬁ

Dept. No._ -

OFS No. -

Table 11.4.1.1 Nodal Displacements for Examplé #1 (Linear Analysis)

EX1YZ - THERMAL EVALUATION FOR A BEAM WITH AXIAL RESTRAINT (SSE-YZ)

*x*** DISPLACEMENT SOLUTION ***** TIME = 0.0000

NOOE

MAXIMUMS

NOOE
VALUE

ux

0.00000

. 144679E-04
.328444E-04
.553956E-04
.839017E-04
-114720€-03
.122762€-03
.139113€-03

.161644E-03
.165777E-03 |

.158317€-03
.763233€-04
0.00000

10
.165777e-03

uY

0.00000

- .566902E-02

-.121016E-01
-.179239€-01
-.211911E-01
-.192301€-01
-.178382E-01
- 141244E-01
-.788810E-02
-.672837€-02
-.617135€-02
-.157348€E-02
0.00000

5
-.211911E-01

uz

0.00000

-.121519€-02
.260567€-02
.389655e-02
L469791E-02
.442885E-02
-.417191€-02
-.345295€-02
-.218042E-02
- . 193464E-02
-.181263€-02
-.547189£-03

- 0.00000

5
-.469791E-02

LOAD STEP=
ROTX

0.00000

.866207€-02
. 163036€-01
.215569€-01
.281974E-01
.342153€-01
.343150E-01
.344217e-01
.304485€-01
.297195€-01
.284243E-01
.141903€-01
¢.00000

3 .
.344217€-01

3

14.3914 APR  7,1991 cp=

[TERATION=
ROTY

.174391€-03
. 166915€-03
.140161€-03
.923843E-04
.214614E-04
-.561426E-04
LT42679E-04
.103977E-03
.121767€-03
.121377€-03
.122553€-03
.952846E-04
0.00000

1
.174391E-03

1

CUM. ITER.=
ROTZ

-.814476E-03
-.776869€-03
- .642B62E-03
-.405676€E-03
-.584569€E-04
.311426€-03
.394962E-03
.525121E-03
.378527€-03
.568647E-03"
.545417€-03
.290592E-03
0.00000

1
-.814476E-03

3

1.285
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Table 11.4.1.2 Nodal Stresses and Forces for Example #1 (Linear ‘Analysis)

1 M : .
! EX1YZ - THERMAL EVALUATION FOR A BEAM WITH AXIAL RESTRAINT (SSE-Y2) N 14.3914  APR 7,1991 cp= 1.300
*¥W*® ELEMENT STRESSES **w** T{Mg = 0.00000 LOAD STEP= 3 ITERATION= 1 CUM. ITER.= 3
El= 1 NODES= 1 2 MAT= 1 TCENT ,JTOPZ,TBOTY= 255.0 255.0 255.0 0Z,ay= .32690E-01 -11348€-01 3-0 BEAM 4
END | SOIR= -34.313 S82= .56731€- !3 SBY = 49272E-12 SIG1= -34.813 -5153- -34-+813 .
“END U SDIR= -34.813 S8Z= -.41791 S8Y= 1.0219 SIG1= -33.373 S1G3= -36.253
FORCES ON MEMBER AT NOOE 1 308.096 .882029 2.60124 -5.19291 -.238565E-11  .284993E-11
2 -308.096 -.801802 -2.37012 ©5.19291 ~17.5738 5.95234
EL= 2 NOOES= 2 3 MAT= 1 TCENT,TTOPZ,TBOTY= 255.0 255.0 255.0 QzZ,QY= 326%0€-01 - 11348E-01 3-0 8EAM 4
END | SOIR= -34.813 SBZ= -.41791 S8Y= 1.0219 SIGl= -33.373 SIG3= -36.253
ENO J SDIR= -34.813 SB2= -.76742 SBY= 1.8644 §1G1= -32.181 S1G3= -37.445
FORCES ON MEMBER AT NODE - 2 308.096 597402 1.78349 -3.60671 17.5738 -5.95234
3 -308.096 -.495501 -1.4899¢4 3.60671 -32.2715 10.8595
EL= 3 NOOES= 3 4 MAT= 1 'TCENT,TTOPZ ,TBOTY= 255.0 J55.0 255.0 QZ,QY= |, 32490€E-01 .11348E-01 3-0 BEAM 4
END | SDIR= -34.813 SBZ2= -.76742- SBY- -1.8644 S161= -32.181 S1G3= -37.445
END J SDIR= -34.813 SBZ= -.95693 SBY=  2.2969 . siG1= -31.559 SIG3= -38.067
FORCES ON MEMBER AT NOOE 3 308.096 .291101 .903308 -2.02051 32.2715 -10.8595
4 -308.096 -.166051 =.563063 2.02051 -60.2410 13.3784
EL= 4 NODES= 4 S MAT= 1 TCENT .TTOPZ,TBOTY= 255.0 255.0 255. 0 Qz,0v=  _32490g-01 -11343€-01 3-D BEAM &
END [ SOIR= -34.813 $BZ= -.95693 SBY- 2.2969 SIG1= -31,.559 SI1G3= -38.067
END J SDIR= -34.813 $82= -1.0614 $BY= 2.5050 SIGY= -31.247 SIG3= -38.3a0
FORCES ON MEMBER AT NOOE 4 308.096 . 166051 .543063 -2.02051 40,2410 -13.3784
5 -308.096 --798039€-02 -.876902¢-01 2.02051 -64.6342 14.5905
EL= 5 NOOES= 5 6 MAT= 1 TCENT, TTOPZ,TBOTY= 255.0 255.9 255.0 az,av= .326908-01  ,11348€-01 3-0 BEAM 4
END | SDIR= -34.813 S82= -1.0614 s8Y= 2.5050 SIG1= 31,247 SIG3= -38.380 .
END J SOIR= -34.813 $82= -.97741 S8Y= 2.2149 SiG1= -31.621 SIG3= -38.005
FORCES ON MEMBER AT NODE 5 308.096 <.267346E-01 . 116352E-01 -1.69386 44,6342 -14.5905
6 -308.096 .197628 .480678 1.69366 =461.1023 12.9011
EL= 6 NODES= [ 7 MAT= 1 TCENT, TTOPZ,TBOTY= 255.0 255.9 255.0 Qz,0v=  ,32490g-91 .11348€-01 3-0 BEAM ¢
END 1 SDIR= -34.813 SBZ= -.97741 SBY— 2.2149 SiG1= -31.621 $1G3= -33.005
END J SDIR= -34.813 SBZ= - 87167 SEY- 1.9286 SIGi= -32.013 SIG3= -37.413
FORCES ON MEMBER AT NOOE 6 308.096 -.402028 ~1.06731 =. 107464 61.1023 -12.9011
7 -308.096 446626 1.19578 107464 -36.6553 11.2335
ElL= 7 NOOES= 7 8 MAT= 1 TCENT ,TTOPZ, TBOTY= 255.0 255.0 255.0 Qz,Qy= .32690€-01 .11348€-01 3-D BEAM 4
TEND | SDIR= -34.813 $82= -.87167 $BY= 1.9286 SIGi1= -32.013 _ 'sig3= -37.613 Coe :
END J SDIR= -34.813 $8Z= -.41245 S8Y= 11,2300 - SIG1= -32,971 - SIG3= -36.456
FORCES ON MEMBER AT NOOE 7 308.096 -.463916 -1.23366 =.568357E-01  36.4553 -11.2335
8 -308.096 .554583 1.49486 -566357€-01 -25.7549 7.16456
EL= 8 NODES= 3 9 MAT= TCENT, TTOPZ, TBOTY= 255.0 255.0 255. 0 az,or= .32590€E-01 .11348E-01 3-0 BEAM 4
END | SDIR= -34.813 SB2= -.61245 SBY- 1.2300 SIG1= -32.971 SI1G3= -36.4564
END J SOIR= -34.813 $BZ= -.20365€-01 sgv= -,32270 SIG1= -34.470 S1G3= -35.154
FORCES ON MEMBER AT NOOE 8 308.096 -.758983 -2.08148 1.52956 25.7549 -7.16456
9 -308.096 .383919 2.46340 | -1.5205¢ -.856404 -1.87961
EL= 9  MNOOES= 9 10 MAT= 1 TCEWNT ,TTOPZ, TBOTY= 255.¢ 255.0 255.0 QZ,Qy= .32690E-01 . 11348E-01 3-0 BEAM 4
END I SDIR= -34.813 SBZ= -_20365€- 01 SBY -.32270 SIG1= -34.470 $163= -35.156
END J SOIR= -34.813 S8Z= .9B49SE-01 SBY= -.63322 - S1G1= -34.,081 S1G3= -35.545
FORCES ON MEMBER AT NOOE 9  308.096 -.883919 =2.44140 1.52956 856404 1.87961
10 -308.096 .906841 2.50744 -1.52956 6.14192 -3.48828
EL= 10 NOOES= 10 11 HMAT= 1 TCENT ,TTOPZ, TBOTY= 255.0 255.0 255.0 QZ,Qy= .32690E-01 . 11348€-01 3-0 BEAM 3
END | SOIR= -35.089 $SB2= -,29578 SBY= -2.2711 SIG1= -32.522 SIG3= -37.656
END J SOIR= -35,089 $82= -.17631 S8Y= -2.2629 SIG1= -32,650 S1G3= -37.528
FORCES ON MEMBER AT NOOE 10 310.536 -531591E-01  -5.00744 5.48956 12.4381% 13.2283
) 11 -310.536 -.41811SE-01  5.04013 -5.48956 ~7.41430 -13.1808
EL= 11 NODES= 11 12 MaT= 1 TCENT,TTOPZ, TBOTY= 255.0 255.0 255.0 az,av= .32690E-01 |, 113¢8€-01 3-0 BEAM 4
END | SDIR= -35,089 $8Z= -.17631 $BY= -2.2629 SiG1= -32.450 SI1G3= -37.528
END J SDIR= -35,089 . SBZ= 1.1878 S8Y= -2.3017 SIGi= -31,599 S1G3= -38.578
FORCES ON MEMBER AT NOOE 11 310.536 418115601 -5.04013 5.48956 7.461430 13.1808
: ’ 12 -310.536 .828977E-01  5.39939 +5.48956 - 49.9508 -13.4066
EL= 12 NODES= 12 13 MAT= 1 TCENT,TTOPZ,7BOTY= 255.0 255.0 2%5.0 QZ,Qy= .32690E-01 . 11348E-01 3-0 BEAM 4
ENO 1 SDIR=z -35.089 $B2= 1.1878 SBY= -2.3017 SIG1= -31.599: SIG3= -38.578
END J SDIR= -35,089 $82= 2.5641 SBY= -3,2763 SIGI= -29.249 S1G3= -40,92¢9
FORCES ON MEMBER AT NODE 12 310.536 -.494858 -5.49008 5.87929 -49.,9508 13.4066

. 13 -310.536 .612943 5.82450 -5.87929 107.825 -19.0832
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Table 11.4.1.3 Reaction Forces for Example #1 (Linear Analysis)

EXIYZ - THERMAL EVALUATION FOR A BEAM WITH AXIAL RESTRAINT (s

SE-Y2) 14.3914 APR 7,1991 CP= 1.334
e REACTION FORCES ***** TIME = - 0_0000 LoAD srsé: 3 ITERATION= 1 CUM. ITER.:= 3
NOTE - REACTION FORCES ARE IN THE NODAL COORDINATE SYSTEM
NODE = FX FY F2 MX MY MZ
1 308.096 .882029 2.60124 -5.19291
13 -310.536 - .612943 5.82450. -5.87929 ) 107.825 -19.0832
TOTAL -2.44000 1.49497 8.42574 -11.0722 107.825 -19.0832
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11.4.2 Member Qualification - Nonlinear Acceptance Criteria

ANSYS computer program is used to perform nonlinear analysis for the same member

W14x30 in section 11.4.1.

The nonlinear analysis considers the same loading condition used in Section 11.4.1 for
linear analysis. The worst load combination including seismic horizontal and vertical
SSE accelerations is selected for ANSYS nonlinear analysis. Uniform temperature is

applied on the model incrementally from 70°F to 255°F (5 degrees per increment).

The first plastic deformation occurs at 240°F at‘nodes 3, 4 and 5 (See Figure 11.3.4 for
locations of nodes). At temperature of 255°F, the region of plastic deformation is
expanded to node 1 through 7. The stresses and strains at stress points 1, 8 and 15 at
member cross-section for the 2nd (J) node of each element are presented in Tables 11.4.1 |
and 11.4.2 for temperatures 240°F and 255°F respectively. The locations of stress‘
points on member cross-section are defined in Figure 11.3.6. The nodal displacements
are presented in Tables 11.4.3 and 11.4.4 for temperatures 240°F and 255°F
respectivelyv. The reaction forces are listed in Tables 11.4.5 and 11.4.6 for temperatures
240°F and 255°F, respectively.

Primary member is accepted on the basis of the displacement based ductility ratio:

Ly =V (Ux} + Uy’ + U2 /V (Uxy® + Uyy? + Uzyd)

where

ne = the displacement based ductility ratio
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Ux,Uy,Uz = Actual displacements in x, y, and z directions.

Uxy,Uyy,Uzy = Displacements at yield condition.

The maximum displacement occurs at Node 5, as shown in Table 11.4.4. The ductility
ratios for Node 5 at 240°F and 255°F are computed as follows:

Displacements and Ductility Ratio at Node 5 for T = 240°F and 255°F

TEMP UX Uy Uz SRSS RATIO, y,
240°F 0.00010 0.0307 0.00617 0.0313 1.0
255°F 0.00029 0.0653 0.01093 0.0662 2.1

(Note that the yield condition occurs at temperature = 240°F)

The ductility ratio for the member at temperature 255°F:

Heg = 2.1 < 3.0

Therefore, this member is qualified based on the nonlinear acceptance criteria.
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Table 11.4.1 Stresses and Strains at 240°F for Example #1 (Nonlinear Analysis)

ELEM THPO $X01 $X08 $X15 EEO1 EEO8 EE1S EPO1 EPO8 EP15
1 240.00 -33.690 -31.956 -32.848 =.11617E-02 -.10949€-02 0.0000 0.0000 0.0000 0.0000

2 2460.00 -35.254 - -31.956 -33.751 -.12157€-02 -.108906-02 0.0000 0.0000 0.0000 0.0000

3 260.00 -36.013 -31.964 -36.364 -.12618E-02 -.10860E-02 0.0000 -.81167E-05 0.0000 0.0000

4 - 240.00 -36.042 -31.982 -34.691 -.12628E-02 -.10844E-02 0.0000 . -.263128-04 0.0000 0.0000
oS 260.00 -36.000 -31.956 -34.165 =.12414E-02 -,10861E-02 0.0000 ~.10250eE-07 0.0000 0.0000
6 240.00 -35.472 -31.956 -33.358 ~.12232E-02 -.10880£-02 0.0000 0.0000 0.0000 0.0000

7 240.00 -36.135 -31.956 -33.051 = 11771€-02 -.10926E-02 0.0000 0.0000 0.0000 0.0000

8 260,00 ' -31.362 -31.956 -31.468 -.10814E-02 -.11029E-02 0.0000 0.0000 0.0000 0.0000

9 260.00 -30.820 -31.956 -31.186 -.10628€-02 -.11049€-02 0.0000 0.0000 0.0000 0.0000
10 240.00 -29.764 -32.233 -29.563 -.10263€-02 -.11098E-02 0.0000 0.0000 0.0000 0.0000
n 240.00 -27.647 -32.263 -30.255 -.95336E-03 -.113506-02 0.0000 0.0000 0.0000 0.0000
12 260.00 -24.243 -32.533 -30.337 -.83596E-03 -.11744E-02 0.0000 0.0000 0.0000 0.0000

2. TMPO = Temperature, in °F
SX01, SX08, SX15 = Axial stresses at points 1, 8 and 15
EEOQl, EE08, EE15 = Elastic strains at stress points 1, 8 and 15
EPO1, EPOS, EP1S = Plastic strains at stress points 1, 8 and 15,
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Table 11.4.2 Stresses and Strains at 255°F for Example #1 (Nonlinear Analysis)

THPO $X01 $X08 $X15 EEO1 EEQ8 EE1S EPO1 EPO8 EP1S

ELEM
1 255.00 -35.890 -34.108 -35.418 -.12376E-02 -.11683E-02 0.0000 -.14353E-04 0.0000 0.0000
2 255.00 -36.209 +34.421 -36.099 -.124B6E-02 -.11686E-02 0.0000 _=.13221E-03 0.0000 0.0000
3 255.00 -36.393 -34.903 ~36.240 -.12549€-02 -.11780€-02 0.0000 . -.26869E-03 0.0000 0.0000
4 255.00 -36.496 -35.236 -36.312 -.12585€-02 -.11844E-02 0.0000 -.31346E-03 0.0000 0.0000
S 255.00- -36.339 -34.729 - -36.185 -.12531€-02 -.117186-02 0.0000 =.21431E-03  0.0000 0.0000
6 255.00 ~36.249 -34.496 -36.118 -.12499€-02 -.11678E-02 0.0000 -.15711€-03 0.0000 0.0000
7 255.00 -36.063 <34.145 -35.745 -.12436E-02 - 11647€-02 0.0600 -.39990E-04 0.0000 0.0000
8 255.00 -33.53% -34.092 -33.369 <. 115626-02 -.11742E-02 10,0000 0.0000 - 0.0000 0.0000
9 255.00 -32.879 -34.092 -32.953 -.113386-02 -.117625-02 0.0000 0.0000 0.0000 0.0000
10 255.00 ~31.164 -34.626 -30.516 . -.10746E-02 -.11884E-02 0.0000 0.0000 0.0000 0.0000
1 255.00 =26.753 -35.331 -30.461 -.92253€-03 -.12413€-02 0.0000 0.0000 -.89894E-05 0.0000
12 255.00 -20.392 -36.121 -32.456 -.70318E-03 -.12509€-02 0.0000 0.0000 -.17539€-03 0.0000

stress pomt locatmns)

2. TMPO = Temperature, in °F
SX01, SX08, SX15 = Axial stresses at points 1, 8 and 15
EEO1, EE0S8, EE1S = - Elastic strains at stress'points_ 1, 8 and 15
EPO1, EP0O8, EP1S = Plastic strains at stress points 1, 8 and 15. |
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Table 11.4.3 Nodal Displacements at 240

THE FOLLOWING X

+Y.Z DISPLACEMENTS ARE [N NODAL COGRDINATES

°F For Example #1 (Nonlinear Analysis)

NODE ux uy uz ROTX ROTY ROTZ

1 0.0000000 0.0000000 0.0000000 0.0000000 -23146293E-03 -, 11591664E-02
2 .16834828E-04 -.80841805g-02 - 199875328-02 .964360438-02  .31280621E.03 -.11128371€-02
3 .39340228E-04 -.17346285E-01 [-341489828-02 18179326601 17467756803 -.93443283€-03
4 .68198366E-04 -.25865304E-01 C-21M16211E-02 . 24080694E-01  '-11438081E-03 - .59945416€-03
5 .10152021E-03 - .30713311g-01 J-O17307038-02 .31483927E-01 . 25847661E-04 - .B6559044E-04
6 .14005331E-03 -.27780500g-01 D-TTIT072E-02  .38122038E-01 -.69016112E-04 .45289996E-03
7 .15153823E-03  -.25770733E-01 Joo41B856E-02  .3B219144E-01 - .90837113E-04 .57021764E-03
8 .17414901E-03 - 20464859€-01 [-44452393E-02  .383008806-01 - .12539673E-03 -74779921E-03
9 .204211336-03 -.11694171E-01 [-27609749€-02  .33858446E-01 -.14537445¢-03 .81010470€-03
10 .20971897€-03  -.100772225-01 J-28413667E-02  33043399E-01 -.144331196-03 .79448016€-03
11 .20291625E-03 -.92982804¢-02 [-22839930E-02  .31605040E-01 -.14541574¢-03 .76822069€-03
12 .123781256-03 -, 25897495E-03 ":70460561E-03  .15800081E-01 - 11349898503 .43759177E-03
13 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

MAXIMUMS ,

NODE 10 5 5 .8 1 1

VALUE -20971897€-03  -.30713311E-01 -.61730703-02 -38300880E-01  .23146293E-03 * -.11591664E-02
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Table 11.4.4 Nodal Displacements at 255°F For Example #1 (Nonlinear Analysis)

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

N

m

‘OOJ\JO\\ABNN—AS

R SN
W o

AXTMUMS
NOOE

"i‘ VALUE

ux

0.0000000

.16891783€-03
.33541515€-03
.397230556-03
.29214325€-03
.22386096E-03
.25578057€-03
-39988237€-03
.67208489€-03
.72381029€-03
.73161798€-03
.68067237€-03
0.0000000

N
-73161798€-03

uy

0.0000000

= . 16364845E-01
~.35804021E-01
-.54517121€-01
-.65353300E-01
-.582931825-01
-.53953476€-01
-.428119126-01
-.25323399€-01
=.22099773€-01
-.20532902€-01
-.61176815€-02
0.0000000

5
- .85353300€6-01

uz

0.0000000

- .27080375€-02
- .58637903E-02
-.89192849€-02
-.10928293€-01
-.10233465€-01
. 96247243E-02
- . 79571669€-02
- .51593106€-02
-.462372988-02
= .43579701€-02
-.15219759€-62
0.0000000

5
-.10928293€-01

ROTX
0.0000000
-97438699€-02
- 18404900E-01
- 26439734E-01
.31938521€-01
.38558689€-01
.38635325E-01
-38664289E-01
.34142059€-01
-33312301€-01
-31863045€-01
. 1594435%€-01
0.0000000

8
-38664289€-01

ROTY
-39133739€-03
-36046453€-03
-30286922€-03
-20621254€-03
-51298973E-04

- . 11443097€-03
- 15097324€-03
-.20375115€-03
-.23786335€-03
-.23877225€-03
=.26187524E-03
=.20515473€-03
0.0000000

1
.39133739€-03

ROTZ
=.23344520E-02
~.22737670E-02
-.198376278-02
-.13152893€-02
-.17941603€-03

-98296795¢-03
.12122517e-02
. 15136822E-02
-16087128€e-02
.15896761€-02
-15516110e-02
-93746966€E-03
0.0000000

1
" - .23344520E-02




‘. EBASCO SERVICES INCORPORATED

BRANCH/PROJECT 1ID: WCG-1-771 :
By //'Mv Date zﬁ'?/ff’/ Sheet_47) of 419
Chkd. by . {L'¢cc Date < -~/o -/ OFs No.__ - __ Dept. No.__- _
Client_ TVA - :

Project_WBNP Unit 1
Subject_Example Calculation for Qualification of Thermally Restrained Structures

Table 11.4.5 Reaction Forces at 240°F for Example #1 (Nonlinear Analysis)

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

NCDE FX FY F2 MX MY Mz
1 281.69441 79775046 2.5596255 -5.2384619 -
13 -284.13439 .61191188 5.8943068 -5.9561054 113.47454 -23.566164

TOTAL =2.4399790 1.4096623 8.4539323 ~11.194567 113.47454 -23.566164
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Table 11.4.6 Reaction Forces at 255°F for Example #1 (Nonlinear Analysis)

THE FOLLOWING X,Y,2 FORCES ARE IN NOOAL COORDINATES
NODE FX FY FZ

MX MY MZ
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11.6.1 Input Files for ANSYS Linear Analysis of Member W14x30 for Example #1

swwwwmwwwr  ANSTS INPUT DATA LISTING (FILE1Z) wwweww=ew

/PREP7 - . .
JTITLZE, EX1YZ - THERMAL EVALUATION FOR A BEAM WITH AXIAL RESTRAINT (SSE-YZ)

/CCH
/CCM EXAMPLE PROBLEM FOR WORST CASZ EVALUATION

/CCH

JCOM SSEZ - Y & 2; LINEAR ANALYSIS

JCOM .

JCCM  DUG 484902, EL 730'-10.5%

/COM :

/COM LATEST REVISION 8Y SAL 4/3/91
ETI‘I‘!I'!I“

£X,1,29000

ALPX 1,6.5E-6 : .
R,1, B 85 19.6,291,13.84,6.73, : * WiLX30
RMORE, ,0.38 ,

TREF,70

/cCH
N,1 SN,2,7.07 SN,3,16.05 SN,4,27.07 S§,5,61 SN,6,56.06

N,7,59. 99 SN ,8,67. 98 SH,9, 78. 99 SN, 10, 81.01
N, 11 82.01 SN 12 93. SN, 13 103.23
/COM

E, 1.2
EGeN, 12,1,1,2
0,1,U%,,,,,UY,UZ,R0TX

LN RN N NI NI PRI RN PRI RS =3 = —a b 3 s et b s
—aoomﬂmuhmm—-oomwmmhwm—-oomwmu\;\wm—a

0, 13,ALL
/COM
NND=13 * NO. OF NODES
LEN=103.23 * MEMBER LENGTH
AREA=8.83
DL=AREA*.786 * 0L = DEAD LOAD
oL=0L/1000
32 LL=(18.15)/1000. * LL = LIVE LOAD
33 /COM .
3, /COM  STISMIC LOADS (SSE)
35 /CoM
36 62=0.73 * G FOR FLOOR OL (2)
37 GY=1.09 * G FOR FLOOR OL (Y)
33 6%=0.79 - * G FOR FLOOR DL (X}
39 MMF=1.5 * MAGNIFICATION FACTOR
40 MGZ=MMF*GZ
41 MGY=MMF*GY
L2 MGX=MMF™GX
43 SGZ=0L*MGZ
4 SGZ=0L+5GZ
45 SGY=OL™MGY
L& SGX=OL"MGX
47  SGXF=SGX*LEN * SCUIVALENT NCDAL FORCE
48  SGXF=SGXF/NND
L9 /COM = FACTORS FOR CONDUIT LOAD
S0 CZ=(1)+1.87
51 ¢y=1.31
52 Cx=0.95
53 /CON
S4  JCOM  SST 7 & Y wwwwww et dodededietnldde v s
S5 /COM .
S6 /COM  DL+tL+ FLOOR SSZ (2)
57 /COM
58  02=LL+SGZ
s P11, oz,, i2,1
50 /COM
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11.6.1 Input Files for ANSYS Linear Analysis of Member W14x30 for Example #1
(Cont’d) :

Twwwwwwwww  ANSYS INPUT DATA LISTING (FILZ18) »v»=wwweuw

61 J/COM CONDUIT SSE (2)
62 /coM

63 F,2,FZ,(-.20647C2),,3
84  F,6,72,(-.20647C7),.8,2

85  F,5,F2,(-.02657C2)
66 F,7.F7.(-.01327C2

67 F,12,F2,(-.03167C2)

68  F,2,MX,(1.1465CZ),,3
69  F,5,MX,(.106%C2)

70 F,6,MX,(1.3125%C2),,8,2
71 F,12,MX, (. 12647CT)

2 /CoM

73 /COM  FLOOR SSZ (Y)
74 /COM

7S €P,ALL,2,SGY

76 JCOM

77 /COM  CONDUIT SSE (Y)
78 /coM

79 PY1=-.20447*CY
80  MX1=1.5862%CY
81" F,2,fY,PM1,,3

82 F,2,Mx,ux1,.3
83 F,6,FY.PY1,.8,2

8 F,6,MX,MX1,.8.2

85 F,5,FY,(-.02657CY)

86 F,5,MX,(.26957CY)

87 F,7,FY.(-.0132*CY)

88 F,7,MX,(.0388*CY)

89 F,12,FY,(-0.316CY)

90  F,12,MX,(.297S*CY)

91 scoM

92 /COM  SSE. ENVELOP FPL PIPE SUPPORT 47A915-8-9
93 /coM

9. £,10,FY,.96
95 F,10,f£2,-2.5
9  F,10,FX,2.44

97  F,10,MY,16.58 ' e : -
98  F,10,M2.9.54

99 F,10,MX,3.96

100 *STAT

101 RLIST,ALL

102 FLIST,ALL

103 /SHOW

104 /PNUM, HODE, 1

105 /PNUM,ELEN, 1

106 EPLQ

107 ITER,1,1

108 *CREAT,MAC

109 TUNIF,ARGI

110 LWRITE

111 =cnD

192 *USE,MAC,70

113 *ysg, MaC,235

114 *ysz, MAC, 255

1S AFWRITE, .|

116 FINISH

117 /INPUT,27

118 FINISH
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11.6.1 Input Files for ANSYS Linear Analysis of Member W14x30 for Example #1
(Cont’d)

mwwwsw—w=s  ANSYS INPUT DATA LISTING (FILZ18) wwwww=wmws

/PREPT
/TITLE, Ek?XZ - THERMAL EVALUATION FOR A BEZAM WITH AXIAL RESTRAINT (SSE-XZ)
/COM

/COM EXAMPLE PROBLEM FOR WORST CASZ EVALUATION

iy = .

/COM SSE - X & 2; LINEAR ANALYSIS

/CON '

JCON  DWG 48W902, EL 730¢-10.5#

/CoM

JCOM  LATEST REVISION BY SAL 4/3/91

KAN,0

TREF,70

ET,1,4,,,0440.1

EX, 1,25000

ALPX,1,6.5E-6

R,1,8.85,19.6,291,13.84,6.73, * Y14X30

RMORE,0,0.3756 )

/oM

N,1 SN,2,7.07 SH,3,16.05 SN,4,27.07 SH,5,41 SN,6,56.06
X,7,59.99 SK,8,67.98 SH,9,78.99 SK,10,81.01
N,11,82.01 SN,12,93. SW,13,103.23

/CoM :

E,1,2

EGEN,12,1,1,2

D,1,ux,,,,,Ur,Uz,ROTX

D, 13,ALL

JCOM

HND=13 * NO. OF NOODES
LEN=103.23 * MEMBER LENGTH
AREA=8.83

DL=AREA* 786 * DL = DEAD LOAD
DL=0L/1000 '

LL=¢18.15)/1000. * LL = LIVE LOAD

- /COH

/COM  SEISMIC LOADS (Sst)

/COM
62=0.73 * G FOR FLOOR DL (23

GY=1.09 * G FOR FLOGR DL ()
6X=0.79 _ * G FOR FLOOR DL (X)
HMF=1.5 * MAGNIFICATION FACTOR
MGZ=MMF*GZ

MGY=MMF*GY

MGX=MMF*GX

$G2=0L"MG2

S62=0L+5G2Z

SGY=0L™MGY

SGX=0L "MGX

SGXF=SaX~LEN * ZCUIVALENT NCDAL FORCE
SGXF=SGXF/NND
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11.6.1 Input Files for ANSYS Linear Analysis of Member W14x30 for Example #1
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/COM : * FACTORS FOR CONDUIT LOAD

€2=(1)+1.87
cy=1.31
€X=0.95
/ccH

JCOM  SSE Z & X ww=wwwe=
/COM .

/COM  DL+LL* FLOOR SSE (2)
/COM '

Q2=LL+SGZ

€7 ,ALL, 1,02

/CoM

/CCH CONDUIT SSZ (2)
JCoH

F,2,F2,(-.20647C2),,3
E,8,F2,(-.20647CT), 8,2
£,5,FZ,(-.02657C2)
£,7,F2,(-.0132%czy
F,12,FZ,(-.03167C2)
F,2,MX,(1.1465%C2), .3
F.5,MX,(.1067C2
F,6,HX,(1.3125%¢2), ,8,2
F,12,MX, (. 12647C2)

/CCH

JCOM  FLOOR SSE (X)
/CCM

£,ALL, FX, SGXF

/cCH

/CCM  CONOUIT SSE (X)
/CoM

PX1=.20647CX

MY1=-1.5862"CX
MZ1=1.1467CX
MZ2=1.1312"CX
F,2,F%,PX1,,3
£,2,47,M71,,3
F,2,H2,M21,,3
£,6,FX,PX1,,8,2
F,6,MY,MY1,,8,2
F,6,42,1422,,8,2
£,5,FX,(.0265*CX)
F,5, MY, (-.26957CX)
£,5,HZ,(.1067CX)
F,7,7X,(.0132°Cx)
F,7,H4Y,(-.0338"CX)
7,12,£X,(0.3167CX)
FL12,MY,(-.29757CX)
FL12,M2,(.125%C%
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11.6.1 Input Files for ANSYS Linear Analysis of Member W14x30 for Example #1

(Cont’d)
98 /COM
99 /CCH  SSE ENVELOP F2L PIPES SUPPORT 47A915-8-9
100 /00

101.  F,10,FY,.96
102 £,10,FZ,-2.5
103 F,10,FX, (SGXF+2.44)
. 104 7,10,MY,16.58
105 F,10,M2,9.5¢4
| 106 F,10,HX,3.96
| _ 107 *STAT
o 108  RLIST,ALL
| " 109  FLIST,ALL

110 /SHCW
111 /PNUM,NCSE, 1
( . 112 /PNUM,ZLEM, 1
; 11 €210
174 /CCH

| ‘II’ . 1S ITER,-1,1
116  TREF,T0

’ 117 TCREAT ,MAC

118 TUNIF,ARGH

119 WWRITE
20 T=xo

126 AFWRITE,, ]

125 FINISH
125 /1WPUT,27
127 FINISA
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11.6.2 Input Files for ANSYS Nonlinear Analysis of Member W14x30 for Example #1

seesnesese ANSYS mpU’r DATA LISTING (MI 8) sowsesssasn

1 /PREP7

2 /TITLE, EX2YZ - THERMAL EVALUATION FOR A BEAM WITH AXIAL RESTRAINT (SSE-YZ)
3 /COM

4 /COM EXAMPLE PROBLEM FOR WORST CASE EVALUATION

5 /COM

6§ /COM SSE-Y & Z; NONLINEAR ANALYSIS

7 /COM

8 /COM DWG48W902, EL 730°-10.5"

9 /COM. ’

10 /COM LATEST REVISION BY SAL 4/6/91

11 KAN,0

12 XKAY,6,1

13 KNL,!

14 TREFR,70

15 ET,1,24,,,,.1

16 EX.1,29000

17 ALPX,1,6.5E$6

18 C*** NONLINEAR MATERIAL CONSTANT

19 NL,1,13,10

20 NL,1,19,70,470

21 NL,1,25,36,36
22 NL,1,31,1500,1500
23 C*** CROSS SECTIONAL DDMENSION
24 BF=6.73
25 TP=0.335
26 D=13.34
7l TW=027
28 AREA=3.33
29 C...

30 AA=BFR2
31 _BB= (D-TF)J’l

35 RI.AABBOQABBTP
36 RMORE.(0,BB,TF,-QA,BB,TF

37 RMORE,-AA,BB,TF,0,BB,0

38 RMORE,0,QB,TW,0,0,TW

39 RMORE,0,-QB,TW,0,-BB,TW

40 RMORE,-AA,-BB,0,-QA,-BB,TF

41 RMORE,0,-38,TF,QA,-BB,TF

42 RMORE,AA,-BB, TP

43 C*** LINEAR PROPERTIES:

44 C***R.1,8.85,19.6,291,13.84,6.73 * WI14X30 FOR LINEAR ANALYSXS ONLY
45 /COM

46 N,1 3N,2,7.07 $N,3,16.05 $N,4,27.07 $N.5,41 $N.6,56.06
47 N,7,59.99 $N,8,67.98 $N,9,78.99 $N,10,81.01
48 N,11,82.01 $N,12,93. $N,13,103.23

49 N,100,,,10

50 /COM

51 E1,2,100

52 RPIZ,1,1,0

53 - D,1,UX,..,,UY,UZ ROTX

54 D,13,ALL

55 /COM :

56 NND=13 ® NO. OF NODES

57 LEN=103.23 * MEMBER LENGTH
58 ARBA=8.33

59 DL=AREA".786 * DL = DEAD LOAD
60 DL=DL/1000
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11.6.2 Input Files for ANSYS Nonlinear Analysis of Member W14x30 for Example #1
(Cont’d) - -

"e7eReente ANSYS INPUT DATA LISTING (FILELS) seensoncas

61 LL= (18 15)/1000. *LL = LIVELOAD

62 /COM

63 /COM SEISMIC LOADS (SSE)

64 /COM

65 GZ=073 . * G FOR FLOORDL @)

66 GY=1.09 * G FOR FLOOR DL (Y)

67 aX=0.79 * G FOR FLOOR DL ()

68 MMF=1.5 * MAGNTFICATION FACTOR

69 MGZ=MMF*GZ
70 MGY=MMFP*GY
71 MGX=MMP*GX
- 72 SGZ=DL*MGZ
73 SGZ=DL+SGZ
74 SGY=DL*MGY
75 SGX=DL*MGX
76 SGXF=SGX°*LEN * EQUIVALENT NODAL FORCE
77 SGXF=SGXE/NND
78 /COM * PACTORS FOR CONDUIT LOAD
79 CZ=(1)+1.37
30 CY=131
31 CX=0.95
82 /COM
83 /COM SSEZ &Y
84 /COM
85 /COM DL+LL+ FLOOR SSE (2)
8¢ /COM
§7 QZ=LL+SGZ
88 EP,I1,1,QZ,12,1
89 /COM
%0 /COM CONDUIT SSE @
=91 JCOM. -

VZJJ.PZ.( .2044'@,.3

93 _P6,FZ,(-2044°C2, 8,2 - _.. .. .
P.5,FZ,(-.0265°C2)

95 F,7,FZ,(-.0132°C2)

9% F,12,FZ,(-.0316°CZ)

97 P,2,MX,(1.1465°CD),,3

98 F,5,MX,(.106°CZ)

99 P,6,MX,(1.3125°C2),,8,2

100 F,12,MX,(.1264*CZ)

101 /COM

102 /COM FLOOR SSE (Y)

103 /COM

104 EP,ALL2SGY

105 /COM

106 /COM CONDUIT SSE (Y)

107 /CoM

108 PY1=-2044°CY

109 MX1=1.5862°CY

110 F.2,FY,PY1,3

111 P,2,MX,MX1,,3

112 R,6,FY,PY1,,8,2

113 F,6,MX,MXI,,8.2

114 F,5.FY,(-.0265°CY)

115 B,5.MX,(.2495°CY)

116 P,7.FY,(-.0132°CY)

117 PB,7,MX,(.0338*CY)

118 F,12,FY,(-0.316°CY)

119 P,12,MX,(.2975°CY)

120 /CoM
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11.6.2  Input Files for ANSYS Nonlinear Analysis of Member W14x30 for Example #1
(Cont’d)

ssesesesse ANSYS INPUT DATA LISTING (FILELS) seseswsese

121 /COM SSE ENVELOP FPL PIPE SUPPORT 47A915-8-9
122 /COM

123 F,10,FY,.96
124 P,10,PZ-2.5
125 F,10,FX,2.44
126 P,10,MY,16.58
127 F,10,MZ.9.54
128 F,10,MX3.96
129 °STAT

130 FLIST.ALL
131 /SHOW

132 /PNUM,NODE,}
133 /PNUM,ELEM,!
134 EPLO
135 ITER,-20,20
136 POSTR,.1,5
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11.6.3 Input Files for ANSYS Linear Analysis of Member M4x13 for Example #2

T ANSYS INPUT DATA LISTING (FILE18) =erwwwwwwr

/PREPT

/PHCOE

/SHOW

/TITLE, HOWLAND-NEWMARK MCOEL, #Z=-8.2KIPS, 0T=0,400 F, $iGv=55.3KS!
/COH .

/CCM HOWLAND - NEWMARX MCOEL

/JCOM REF. NEWMARK LOAD TE3TS

JCOM SPECIMEN 415 S 4N13.0

/COM E=Q9E3 XSI, FY=33.3 KSi

/COM [NPUT: JOHNZL1
/CCH QUTPUT: JoCWul
/COM LINEAR ANALYSIS
/COM PLOT FILZ: SEE WC3-1-411

AN, 0
T, 1,4, .00,
TREF, 70
£X,1,2963
ALPX,1,6.58-¢
c"‘"

R,1,35.81,3.356,10.5,4.0,3.9¢
c ’

L=98

P

NUM=31

MID=(NUM=1}/2

N, NUM=ND , L -AL
FILL

N, HUM, L

FILL

N, NUM1,0/2,0,5
g,1,2, 34U+t .
RP30,1,1,0 * RPNNN, NHN=NUM-}
c""

ITER, -1,1

C™ BOUNDARY CONO(TIONS:
0,1,Ux,0,,,,Ur,uz, 0T
0,NUK,UX,0,,,,UY,UZ,R0TY

C= DEFINE REPCSATING LOADINGS AS MACRO
F,M41D,FZ,-8.2

*CREAT, THP

TUNIF ARG}

LWRITE

b=}

*USE, THP, 270

ARRITE,, 1

FINISH

/INPUT, 27

FINISH
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12.0 Summary of Results

The member in Example #1 is qualified with both the Engergy Balance Method (ducdlity
ratio = 1.18 < 1.5) and the Non-linear Acceptance Criteria (Diplacement based
Ductility Ratio = 2.1 < 3). The connections and anchorages are evaluated using the
results obtained from the nonlinear analysis. One of the weld connections is qualified-

and the other requires modification. The anchorage is also qualified.

The member in‘Example #2 1s not qualified with the Eﬁergy Balance Method (Combined
stress = 76 ksi, out of the applicable range of Energy Balance Method) while it is
qualified with Nonlinear Acceptance Criteria (Displacement based Ductility Ratio = 1.9
< 3) as documented in Calculation WCG-1-811.
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13.0 Conclusion

The linear acceptance criteria using Energy Balance Method, with a limitation of
applicability, is conservative. Energy Balance Method is not applicable for members
with calculated combined stress exceeding the ultimate strength of steel (Fu= 58 ksi).

It is expected that rigorous nonlinear analysis will be used as required for the

qualification of thermaily restrained structures.
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