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5. PURPOSE:

References 9 and 10, for thermal restraint use, by using ANSYS

The purpose of this calculation is to correlate test data in
computer code.

| 6. APPLICABLE CRITERIA (MARKED "X"):
- : 1. DS-Cl.7.1 R4 General Anchorage To Concrete
- . : . 2., .DS-C1.7.3 RO ~Application of.Baseplate II
% 3. DS-C1.8.1 R3 Standard Calculation for Evaluating Type II 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 Unit 1 ICS, SCV,
. and SB
‘ ' —10." WCG~1-377 RO - Awx.: Control Building 4% Damping Curves and Seismic
Forces .
X__11. (Specify):

DG-CL 6.12 Ro swmiuation a-f Stee| Structural with rhermal Restrain€.

L)
.

7. 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

3. ACI 318-77 Building Code Requirements for Reinforced Comcrete
— 4. (Specify):

7239x
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8. ASSUMPTIONS, LITERATURE SEARCHES AND OTHER APPLICABLE
BACKGROUND DATA

} None
- 9. APPLICABLE REFERENCES (MARKED "X")
1. Design of Welded Structures by 0. W. Blodgett 1966

2. Formulas for Stress and Strain by R. J. Roark &
W.C. Young, 5th Edition

o 3. WCG-1-580 RO. Selection .and Grouping of Embedded
5 Plates for Evaluation
e 4. WCG-1-256 RO Concrete Quality Evaluation
5. N3-PA-34 RO Non-linear Transient Dynamic Analysis
| of FW Lines-Piping Analysis Calculation No. N3-pA-
34
6. QIR-CEB-WBN 90757 RO Active List of Pipe Whip
Restraints/Protective Devices (PD’s)
7. (specified)
X 8. ANSYS Version 4.3 :
X 9. Steel Columns of Rolled Wide Flange Section,
| Progress Report No. 2 by B. Johnston and L. Cheney,
. : - AISC .Column Research at. Lehigh University, November
‘ 1942. :

X 10. Static Load Deflection Tests of Beam-Columns, by
F.L. Howland and N.M. Newmark, University of
Illinois Structural Research Series No. 65,
December 1953.

11. Development of Criteria for Seismic  Review -of
Selected Nuclear Power Plants, by N.M. Mark and
W.J.Hall, NUREG/CR-0098, May 1978. o

2 : 10. ' APPLICABLE DESIGN INPUT DATA:

See section 11.4
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11.1 Objective

The objective of this calculation is to correlate ANSYS
analysis results with test data and to demonstrate the
applicability of ANSYS nonlinear analysis and ductility for
the evaluation of thermally restrained structures.

11.2 Scope

The scope of this calculation includes the following four (4)
problems analyzed using the ANSYS computer program:

Problem 1:

- .Perform  static analysis on a- simply supported beam
subjected to constant axial load and incremental lateral
load, as shown in Figure 11.2.1, and correlate the
analysis results to the test results from the "Static
Load Deflection Tests of Beam-Columns" by Howland and
Newmark (Attachment C, Figure-22) . BN B

Problem 2:

' Perform thermal stress analysis on a simply supported
beam (same geometric configuration as the beam used in
Problem 1) subjected to constant lateral load and
temperature increases, as shown in Figure 11.2.2, and
predict reserve capacity after the displacement ratio
limit has been exceeded.

Problem 3:
Perform thermal stress analysis on a member with
eccentricity and subjected to temperature increases, as
shown in Figure 11.2.3, and predict reserve capacity
after the displacement ratio limit.has been exceeded. A
test specimen used in " Steel Columns of Rolled Wide

Flano)e. Sec“-icn " bv Br\,.;e Ja"\nso‘er\ a..-\.cl LIOL’J
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Cheney (Attachment D) is considered in this analysis..

Problem 4:

Perform thermal stress analysis on members subjected to
constant lateral load and temperature increases, as shown
in Figure 11.2.4, and correlate primary member
displacement ratio level to secondary member displacement
‘and strain ratios.

3
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Figure 11.2.1 Geometric Configuration for the Member Considered
in Problem 1

Constant Axial Load and Increment Lateral Load
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Figure 11.2.2 Geometric Configuration for the Member Considered
in Problenm 2

Constant Lateral Load and Incremental Temperature Change
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Figure 11.2.3 Geometric Configuration for the Member Considered
in Problem 3

Member Ecentricity and Incremental Temperature Change
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Figure 11.2.4 Geometric Configuration for the Members Considered
in Problem 4

Constant Lateral Load and Incremental Temperature Change
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11.3 Methodology:

ANSYS computer program is used to perform nonlinear analysis for
four (4) problems stated in the scope of this calculation. The
nonlinear analysis considers an elastic-plastic nonlinear material

properties and large deflection effects. ANSYS STIF24 element, a

three dimensional thin-wall plastic beam element, is used to
construct the mathematical models. The member cross-section can be
defined with rectangular segments by specifying stress points on
the cross-section for STIF24 element. The calculated stresses and

- strains (including elastic and plastic strains) at the stress point

locations can be observed in the analysis output.

The elastic-plastic behavioris simulated by a bilinear stress-
strain relation. Plasticity is included in the analysis by setting
KNL = 1 in the ANSYS runs. Nonlinear material properties are
defined with the NL family of ANSYS commands using C13 = 10 option.

The ANSYS large deflection solution method is used in the nonlinear
analysis so that the stiffness matrix reflects the deformed
structure in the iterative solution process. The large deflection
is included by setting KAY(6) = 1 in ANSYS runs. With 1large
deflection geometry consideration, ‘the ‘post-buckling behavior for
ductile material can be observed.

ANSYS POST26 routine is used to generate graphical presentations of
the analysis results.




CUARANE e

"i’?;ii*ff‘{ff;f”' 7.”];Coeffi”ient"bf"théfﬂéfi”éQbaﬁéiéh;

EBASCO SERVICES INCORPORATED
BRANCH/PROJECT ID: WCG-1-811 :
By C /e Date_~//-2/ Sheet_/5 of 55
Chkd. by H% pate_4=f/ =71 OFS No. - Dept. No. -
Client___TVA

Project_ WBNP Unit 1

Subject__Test Correlation Study for Thermal Use of Ductility Ratio

11.4 Input Data:

11.4.1 Problem 1 input data is based on the Howland-Newmark Test
Model specimen 415 S 4 M 13.0.

1. Beam M4x13 _

2. Hinged at both ends of member

3. Constant axial load = 64 kips

4. Incremental lateral 1load simulated by imposed
displacement at mid-span of the member in the
direction of strong axis of cross-section

5. Bilinear stress =~ strain relation, E = 29,000 ksi,
Est (second tangent) = 29 ksi

6. Fy = (58.2+38.3+69.4)/3 = 55.3 ksi (averaged data
from test results)

11.4.2 Problem 2 input data is similar to data given in section
11.4.1 except a constant lateral load is applied and the
member is subjected to temperature increase.

1. Beam M4x13

2. Hinged at both ends of member

3. Constant lateral load = 8.2 kips
4. Initial temperature = 70 °F. Incremental

temperature to a maximum DT = 400 °F.

5. Bilinear stress - strain relation, E = 29,000 ksi,
o Est. (second tangent) = 29 ksi T e EL o
.6.  Fy =.55.3 ksi . - .. :

(10%)
(/") 1TF)

11.4.3 -Problem 3 input data is based on the test item 6-5 in the
Johnston-Cheney test report.

1. Beam Wéx20

2. Member hinged at both ends 2.23" below the beanm
centerline (Eccentricity = 2.23 inch; Eccentricity
ratio e/s = eA/S =1, where A = area = 5.88 in?, § =
sectional modulus =13.4 in?)

3. Initial temperature = 70 °F. Incremental

’ temperature to a maximum DT = 500 °F.

5. Bilinear stress - strain relation, E = 29,000 ksi,
Est (second tangent) = 1,500 ksi

6. Fy = 33.0 ksi (based on test data)

7. Coefficient of thermal expansion

("/™")/(°F)

(6.5) (10%)
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11.4.4

Problem 4 input data:

M4x13 for primary member and C4x5.4 for secondary
member ’

Hinged at left end of M4x13; moment connection at
the joint; moment connection at end of C4xs.4
Constant lateral load = 8.2 kips

Initial temperature = 70 °F. Incremental
temperature to a maximum DT = 400 °F.

Bilinear stress - strain relation, E = 29,000 ksi,
Est (second tangent) = 1,500 ksi

Fy = 55.3 ksi

Coefficient of thermal expansion

("/")/(°F)

(6.5) (10%)
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11.5 Mathematical Model:

The mathematical models are constructed using ANSYS STIF24
- element to represent wide flange I-beams and channels. The

cross section is defined by a series of rectangular segments.

The orientation of three principal axes is defined by the beam .
longitudinal axis and a third node. The principal axes form
the beam local coordinate system. The x-axis is along the

beam longitudinal axis. The third node mentioned above

determines the xz-plane and the direction of local z-axis.

PUNISS 23

A total of four (4) mathematical models are used in this
calculation. They are given in sections 11.5.1 through 11.5.4.

Problem 1 model as shown in Figure 11.5.1.3 consists of 31

nodes and 30 elements. Two end nodes (Nodes 1 and 31) are

- restrained in three traslations and torsional rotation except

that Node 1 is free to move in axial translational direction

for applying a constant axial force. Node 16 is the center of

‘the member. The input data are given in section 11.4.1. Node

16 is.also imposed with. incremental displacements in lateral

. z-direction equivalent to applying incremental lateral forces.

Problem 2 model as shown in Figure 11.5.2.3 is similar to

problem 1 model consisting of 31 nodes and 30 elements. Both

ends are supported in three translations ~and torsional
.translation. Node 16, the mid-point, is applied_ by a’constant. -~
-force. This model is applied with incremental temperatures and
-a-constant lateral load. B T S S S s

Problem 3 model as shown in Figure 11.5.3.3 consists of 33
nodes, 30 STIF24 elements and two rigid elements. Nodes 1 and
31 as . in the previous are two end .nodes on the beam neutral
axis. The beanm is eccentrically supported at elevation 2.23"
below the beam neutral axis, at Nodes 32 and 33. Two
fictitious rigid elements, connecting nodes 1 and 32 and nodes
31 and 33, are used to account for eccentricity. Support nodes
32 and 33 are restrained in three traslations and torsional
rotation. This model is applied with incremental temperature
only.
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11.5 (continued)

Problem 4 model as shown in Figure 11.5.4.3 consists of 58
nodes and 57 elements. Elements 1 through 50 (from nodes 1 to
51) represent the primary member (M4x13) . Elements 52 through
57 (from nodes 52 to 58) represent secondary member (C4x5.4).
Element 51 connecting nodes 51 and 52, is a fictitious member
which represents the rigid joint connection. The model is
supported at nodes 1 and 58. Node 1 is restrained in three
translational directions. Node 58 is fully restrained in three
translations and three rotations.: Node 26 is the center of the
primary member. This model is subjected to incremental
temperatures and applying a constant lateral load at node 26.
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11.5.1 Problem 1: Howland-Newmark Test Model.

11.5 1.1 Model

Figure 11.5.1.1A: Howland - Newmark Model with Applied Displacement

4°=-1" l( 4°=-1"

64 kig$< >4 64 kips
’A A Al —x
hinged incremental hinged

displacement

Fiqure 11.5.1.1B STIF24 Stress Points for M4x13.0.

tz-axis
< 3.14" >
5]. 4. 3. 2. 1. T
ST e T "7.;jL;f;Li L ,—;:V <—'01254f'*i;[. 3 =
Y -1 3 8 Y B 71.
Stress Points
Defining
Real Constants
I (Rectangular 8. —- y-axis
. Segments) 4.0"
9. 0.37
i
.11 .12 10.13 14. 15. {
T
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11.5.1.2 List of ANSYS Input Data for Howland-Newmark Test Model

sesssessss ANSYS INPUT DATA LISTING (FILE1S) *+essseses

1 /PREP7

2 /PMODE
3 /sHOW .
4 /TITLE, HOWLAND-NEWMARK MODEL, FX=64KIPS, DZ/DE=0.2,4.6,0.2, SIGY = 55.3KsI
5 /CoM .
6 /COM HOWLAND - NEWMARK MODEL
7 /COM REF. NEWMARK LOAD TESTS
8 /COM SPECIMEN 415 S 4M13.0
9 /COM E=29E3 XSI, FY=55.3 KSI
10 /CoM
11 /COM.INPUT: JOHN1C2
12 /COM OUTPUT: JOCWIC2
13 /COM FILE12: JFCWIC2
14
15
16
17
18
19
20

/COM PLOT FILE: JIGCWIC2
/COM
/ICOM
KAN,0
KAY,6,1
KNL,1
ET,1,24,,,,,,1
21 TREF,70
22 EX,1,29B3
23 ALPX,1,6.5E-6
24 C*** NONLINEAR MATERIAL CONSTANT
25 NL,1,13,10
‘ 26 NL,1,19,70,470
2] NL,1,25,55.3,55.3
28 NL,1,31,29,29
29 C*** DEFINE BEAM LENGTH AND CROSS SECTION PROPERTIES
30 L=98 * BEAM 415 S 4 M13.0
31 BF=3.940
32 TP=0370 .
33_D=4.00 . . i . R ST e ’
T 347 Tw=0254 - - . . S r LT
LT L. 35, Cees | e T - P : v .
e 36 AA=BF2 -- I oL - DR Ce s e
37 BB=(D-TP/2. ’
33 QA=AAR
39 QB=BBN2
40 *STAT
- 41 R,1,AA,BB,0,QA, BB, TF *STIF24 REAL PROP.
H 42 RMORE,0,BB,TF,-QA,BB, TF
. 43 RMOR.E,-M,BB,TF,O,BB,O
4 RMORE,0,QB,TW,0,0,TW
45 RMORE,O,-QB,TW,O,-BB,TW
46 RMORE,-AA,-BB,0,-QA,-BB.TF
47 RMORE,0,-BB,TF,QA,-BB,TF
483 RMORE,AA,-BB, TP
49 c.‘.
50 NuM=31
31 MID=NUM+1)/2
52 ND=3
53 AL=L/A4
4 N1
55 N.ND+1,AL
56 FILL
57 N,NUM-ND,L-AL
58 FILL
39 N.NUM,L

‘ 60 FILL
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11.5.1.2 (Continued)

1
tessessess ANSYS INPUT DATA LISTING (FILEIS) *eeevasses

N,NUM+1,1.72,0,5
E,1,2NUM+1 )

RP30,1,1,0 * RPNNN, NNN=NUM-1
C...

ITER,-20

POSTR, 1,5

/PBC,ALL,1

/VIEW,,0,-1,0

C*** BOUNDARY CONDITIONS:
D,1,UY,0,,,,UZ,ROTX

D,NUM,UX,0,,,,UY,UZ ROTX

C*** TUNIF,270

F,1,FX.64

C*** DEFINE REPEATING LOADINGS AS MACRO
DE=0.6

*CREAT, TMP

D,MID,UZ,ARG1

LWRITE

*END

*USE,TMP,DE*0.2

RP23, DE*0.2

{TITLE, HOWLAND-NEWMARK MODEL, FX=64KIPS, DZ/DE=0.2,4.6,0.2, SIGY =55 3KSI
/PNUM,NODE, -1

EPLOT

/PNUM,NODE, 1
NRSEL,1,NUM,MID-1
EPLOT

EPLOT
AFWRITE,,1
FINISH

/INPUT,27
FINISH

/POST1 o _ S _ e e
sroxz,mnxspmmmonc,mnc . : R T
. STRESS,SX01,24,13 -~ ‘ ‘ T e ST S
- STRESS,SX08,24,20 - . : - SRR T R
STRESS,SX15,24,27

98 STRESS,EE01,24,95

STRESS,EE08,24,137

100 STRESS,EE15,24,179

i 101 STRESS,EP01,24,96

3 102 STRESS,EP03,24,138

i 103 STRESS,EP15,24,180

8 sa&xasssssséaxasss3adad:dadsszsaa$aae

108 PRDISP *PRINT SEL. NODAL DISP.

112 *USE,MAC,!
113 RP23,,1

114 FINISH

115 /POST26

116 /SHOW

117 TVAR,1

118 DISP,2,16,UZ,UZ64
119 NFORCE,3,16,16,FZ,FZ54
‘ 120 NFORCE,4,16,16, MY ,MY64
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seewesssss ANSYS INPUT DATA LISTING (FILEIS) seseveares

DE=(1)/.6

PE=(2)/9.64
ME=(1)/212
ABS,5,2,,,UZ/,DE, DE
ABS,6,3,,,FZ/,PE,,PE
ABS,74,, MY/,ME, ME

[TITLE, HOWLAND-NEWMARK MODEL, FX=64KIPS, DZ/DE=0.2,4.6,0.2, SIGY =55.3KSI

/GRAPH,LABX,DISP
XVAR,S -
/GRAPH,LABY,FORC
PLVAR,6

PLVAR,6
/GRAPH,LABY,MON.
PLVAR,7

PLVAR,7
/GRAPH,LABY,F&M
PLVAR,6,7
PLVAR,6,7

/TITLE, HOWLAND-NEWMARK MODEL, FX=64KIPS, DZ/DE=0.2,4.6,0.2, SIGY =55.3KSI

/GRAPH,LABX,DISP
XVAR,2
/GRAPH,LABY,FORC
PLVAR3
/GRAPH,LABY,MON.
PLVAR4

"/GRAPH,LABY,F&M

PLVAR,3 4
FINISH
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11.5.1.3 ANSYS Model Plot

Figqure 11.5.1.3
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11.5.2 Problem 2: Howland-Newmark Thermal Model

11.5.2.1 Model

Figqure 11.5.2.1A: Howland - Newmark Model with Incremental Temperature
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11.5.2.2 kicsltl of ANSYS Input Data for Howland-Newmark Thermal
ode

s4sssserer ANSYS INPUT DATA LISTING (FILEIS) seeevsanes

/PREP7
/PMODE

/SHOW

/TITLE, HOWLAND-NEWMARK MODEL, FZ=-8.2KIPS, DT=10,400,10, SIGY =55.3KSI
/COM -

/COM HOWLAND - NEWMARK MODEL

/COM REF. NEWMARK LOAD TESTS

/COM SPECIMEN 415 8 4M13.0

/COM E=29E3 KSI, FY=55.3 KSI

10 /CoM

11 /COMINPUT: JOHN2C1

12 /COM OUTPUT: JOCW2C]

13 /COM FILE12: JFCW2C1

14 /COM FILE33: JIGCW2C1

15 /coM

16 /COM

O 00~ ONA B W N

20 ET,1,4,,,,,,1
21 TREFR,70
EX,1,2983
ALPX,1,6.5E-6
C*** NONLINEAR MATERIAL CONSTANT
NL,1,13,10
NL,1,19,70,270
NL,1,25,55.3,55.3
NL,1,31,29,29
C*** DEFINE BEAM LENGTH AND CROSS SECTION PROPERTIES
L=98 * BEAM 415 S 4 MI13.0
BF=3.940
TF=0.370
D=4.00
- TW=0.254
c“.
AA=BFR2
BB=(D-TF)/2.
QA=AAN2
QB=BB2
*STAT
R,1,AA,BB,0,QA,BB, TP *STIF24 REAL PROP.
RMORE,0,BB, ,-QA,BB,TF
RMORE,-AA,BB,TF,0,BB,0
RMORE,0,QB,TW,0,0,TW
RMORE,0,-QB,TW,0,-BB,TW
RMORE,-AA,-BB,0,-QA,-BB,TF
RMORE,(,-BB,TF,QA,-BB,TF
RMORE,AA,-BB,TF
C‘..
NUM=31
MID=NUM+1)12
ND=3
AL=L/4
N,1
N,ND+1,AL
FILL
N,NUM-ND,L-AL
58 FILL
59 N,NUM,L
60 FILL
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11.5.2.2 (Continued)

1
s#essssees ANSYS INPUT DATA LISTING (FILELS) oesosvess

N,NUM+1,L2,0,5
BE,1,2,NUM+1

RP30,1,1,0 * RPNNN, NNN=NUM-1
C..‘

ITER,-10

POSTR,,1,5

/PBC,ALL,1

/VIEW,,0,-1,0
'C*** BOUNDARY CONDITIONS:
D,1,UX,9,,,,UY,UZROTX
D,NUM,UX,0,,,,UY,UZROTX

C®** TUNIF,270

F,MID,FZ,-8.2

C*** DEFINE REPEATING LOADINGS AS MACRO
*CREAT,TMP

TUNIF,ARG1

LWRITE

*END

*USE,TMP,70

RP41,,10

/TITLE, HOWLAND-NEWMARK MODEL, FZ=-3.2 KIPS, DT=10,400,10, SIGY =55.3KSI
/PNUM,NODE,-1

EPLOT

/PNUM,NODE, 1
-.NRSEL,1,NUM,MID-1
EPLOT

EPLOT
AFWRITE,,1
FINISH
/INPUT,27
FINISH
/POST1

. STORE,REAL, DISP STRES,NFORC,RFORC -
STRESS,SX01,24,13 = - -

- STRESS, SX08,24,20 .

99 STRESS,EEIS 24 179

100" STRESS,EP01,24,96 -
101 STRESS,EP08,24,138
- 102" STRESS,EP15,24,180
i 103 *CREAT,MAC

E 104 SET,ARGI

105 ERSEL,ELEM,16

106 NRSEL,NODE,16

107 PRDISP *PRINT SEL. NODAL DISP.

108 PREFOR

109 PRSTRS

110 *END

111 *USE,MAC,1

112 RP23,,1

113 FINISH
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11.5.2.3 ANSYS Model Plot

Fiqure 11.5.2.3
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11.5.3 Problem 3: Johnston-Cheney Thermal Model

11.5.3.1 Model

Figure 11.5.2.1A: Johnston-Cheney Thermal Model with Temperature Increas:

: 2.23" Eccentricity >I<
.‘J ' ‘ ) T . l,< 4l_ln . 41_1!1 >_l i
% ' u< Applying Incremental Temperature ;H<
' l hinged hinged

Figure 11.5.3.1B STIF24 Stress Points for M4x13.0
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11.5.3.2 ﬁigtl of ANSYS Input Data for Johnston-Cheney Thermal
ode

sssesseess ANSYS INPUT DATA LISTING (FILE1S) *ssessaves

/PREP7 :
/TITLE, JOHNSTON-CHENEY TEST 6-§ (W6X20), EC=2.23", DTEMP=0,400,10
/COM

/COM JOHNSTON - CHENEY MODEL

/COM REF. LOAD TESTS - J&C

/COM SPECIMEN W6X20

/COM ECCENTRICITY =2.23", DT =0,400,10

/COM E=29E3 KSI, FY =33 KSI

/COM ET=1500

10 /COM

11 /COMINPUT JOHN3C1

12 /COM OUTPUT JOCW3Cl

13 /COMFILEI2 JFCW3Cl

14 /COMPLOT FILE JGCW3C1

15 /COM

W0 IO & W -

X

20 TREF,70
21 Er,!,u,,""l
2 ET24
23 EX,1,2983
2. EX,2,29E3
25 ALPX,1,6.5E-6
26 ALPX,2,6.5E-6
27 C*** NONLINEAR MATERIAL CONSTANT
28 NL,1,13,10
29 NL,1,19,70,400
30 NL,1,25,33.033.0
31 NL,1,31,1500,1500 S .
. -~ . .32 C°°" DEFINE BEAM LENGTH AND CROSS SECTION PROPERTIES . . .- . T
3 L=119 . . . *BEAMWG6X209-11"LONG - - o S e

38 EC=27 * ECCENTRICITY, 2.23"

45 R,1,AA,BB,0,QA,BB,TF *STIF24 REAL PROP.
46 RMORE,0,BB,TF,-QA,BB,TF
47 RMORE,-AA,BB,TF,0,BB,0

48 RMORE,0,QB,TW,0,0,TW

49 RMORE,0,-QB,TW,0,-BB,TW
50 RMORE,-AA,-BB,0,-QA,-BB, TF
51 RMORE,0,-BB,TF,QA,-BB,TF
52 RMORE,AA,-BB,TF

53 R,2,500,5000,5000,10,10

54 c‘..

55 NUM=31

56 MID=NUM+1)/2

57 ND=3

58 AL=L/4

59 N1
60 N.ND+1,AL
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11.5.3.2 (Continued)

1

i

g2

3?328828%838&%65283&3&&#33&8%%3&&2&

b4
*x

EE8838REEEEE

sesessesrs ANSYS INPUT DATA LISTING (FILES) *essssesss

FILL
N,NUM-ND,L-AL
FILL .
N,NUM,L

FILL
N,NUM+1,0,0,-2.23
N,NUM+2,L,0,-2.23
N,NUM+3,L/2,0,5

TYPE,2 $MAT,2 ° $REAL,2 *RIGID BEAM

E,NUM+1,1,NUM+3

TYPE,l SMAT,1 $REAL,(l *STIF24 BEAM

E1,2,NUM+3
RP30,1,1,0 .

RPNNN, NNN=NUM-1

TYPE2 $MAT,2 S$SREAL2 *RIGID BEAM

ENUM+2,NUM,NUM+3

c...

ITER,-20

POSTR,,1,5

C*** BOUNDARY CONDITIONS:
D,NUM+1,UX,0,,,,UY,UZ,ROTX
D,NUM+2,UX,0,,,,UY,UZ,ROTX
C***F,1,FX,64

C*** F,MID,FZ,3.2

* WITH THERMAL LOAD

C*** DEFINE INCREMENTAL TEMPERATURE

*CREAT,TMP
TUNIF,ARG1
LWRITE
*END
*USE,TMP,70
RM1,,10
C‘..
/PBC,ALL,1
ISHOW

IVIEW,,0,-1,0 -
- fTITLE, - JOHNSTON-CHENEY TEST

/PNUM,NODE, -1 o .
/PNUM,ELEM,-1
EPLOT

6-5 (W6X20), EC=2.23"

/TITLE, JOHNSTON-CHENEY TEST 6-5 (W6X20), EC=2.23", NODES

/PNUMNODE,1
/PNUM,ELEM,-1
EPLOT

/TITLE, JOHNSTON-CHENEY TEST 6-5 (W6X20), EC=2.23", ELEMENTS

/PNUM,NODE,-1
/PNUM,ELEM,1
EPLOT

c...
AFWRITE,, 1
FINISH

/INPUT,27
FINISH
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11.5.3.3 ANSYS Model Plot

Fiqure 11.5.3.3 .
JOHNSTON -~ CHENEY THERMAL MODEL

[
-
- ~N =
an - w
. D k=4 w w :
- @ w T v o
- - .o . - ™
® o w - v o .
" o = I © w -
> N @ ~ H 1 2 ]
o N e a —
= S W “
c e - - -d az > - . [
b= - . Q. > a X N

an

29

4.8 _A_1. 8 9 IﬂlJ.lzl.ﬂl4lSlnlJlﬂLﬂZﬂZJ&ZSEdZSZGZJZH

T 0-5 (MOX28), E€C=2.23 , NODES:

JOUNSTON-CHENEY TES

fh2
"j\




Sy

T oAy
s

EBASCO SERVICES INCORPORATED
BRANCH/PROJECT ID: WCG-1- é?//

By, C e  pate F~//- 9/ Sheet 22 of 5§
chkd. by Y LA, _ pate &m(1~F | OFS No. - Dept. No. -

Client TVA :
Project_ WBNP Unit 1
Subject__ Test Correlation Study for Thermal Use of Ductility Ratio

11.5.4 Problem 4: High Ductility Ratio Model

11.5.4.1 Model

Figqure 11.5.2.1A: High Ductility Ratio Model with Incremental Temperature

_ )L ////// Fixed
C4xS5.4
4’'=-1 4'-1 -_2- x

Rigid
Joint

" M4x13
hinged \l/ ,
8.2 kips

Figure 11.5.2.1B: STIF24 Stress Points for M4x13.0 and C4x5.4
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11.5.4.2 List of ANSYS Input Data for High Ductility Ratio Model

1
seessesses ANSYS INPUT DATA LISTING (FILEIS) seseewsesns.

/PREP7
/TITLE, HIGH DUCTILITY RATIO MODEL, FZ=-3.2, DT=10,400,10, SIGY =36.0 KSI
/COM

/COM HIGH DUCTILITY RATIO MODEL

/COM M4X13.0/C4X5.4

/COM FZ=38.2 KIPS, DT=0,400,10

/COM E=29E3 KsI, FY=36.0 KSI

/COM ET=1500

/CoM

10 /COM INPUT: JOHN4C2

11 /COM OUTPUT: JOCW4C2

12 /COM FILE12: JFCW4C2

13 /COM PLOT FILE: JGCW4C2

14 /COM

0003 LW -

19 TRER70
20 ET,1,24,,1,,.1

21 EX,1,2983

2 ALPX,1,6.5E6

2 ET24

% EX,2,2983

25 ALPX,2,6.5E6

26 C*** NONLINEAR MATERIAL CONSTANT
27 NL,1,13,10

28 NL,1,19,70,270

29 NL,1,25,36.0,36.0

30 NL,1,31,1500,1500

31 Ce** DEFINE BEAM LENGTH AND CROSS SECTION PROPERTIES
32 L=98.458 *BEAMAISS4 MI3.0 . . e T
33 BP=3.540 ~ S , Lo e
35 D=d00 -

36 TW=0.254

37 C“.

38 CL=4 * CHANNEL C 4X54 6" LONG

39 CP=1.584

40 TCF=0.29

41 CD=4.00

42 TCW=0.18

43 Cre»

44 AA=BFR

45 BB=(D-TP/2.

46 QA=AANR

47 QB=BBn2

48 C...

49 X0=(TCW/2)-(0.458)

50 CC=CP-TCWr2)

51 DD=(CD-TCF)2.

52 QC=ccn

53 QD=DDn2

54 CC=CC+X0

55 QC=QC+X0

56 *STAT

57 R,1,AA,BB,0,QA,BB,TF *STIF24 REAL PROP. - M 4X13.0

.58 RMORE,0,BB,TF,-QA,BB,TF

59 RMORE,-AA,BB,TF,0,BB.0

60 RMORE,0,QB,TW,0,0.TW
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11.5.4.2 (Continued)

1

- R,3,CC,DD,0,QC,DD, TCF

sssssssess ANSYS INPUT DATA LISTING (FILEIS) *eeesveses

RMORE,0,-QB,TW,0,-BB,TW
RMORE,-AA,-BB,0,-QA,-BB, TF

RMORE,(,-BB,TF,QA,-BB, TF

RMORE,AA,-BB, TP

c‘.. . .

R,2,500,5000,5000,10,10 * RIGID BEAM

c.‘.

. .- % STIF24 REAL PROP..- C4X5.4
RMORE,X0,DD,TCF,X0,QD,TCW ’
RMORE,X0,0,TCW,X0,-QD,TCW
RMORE,X0,-DD,TCW,QC,-DD, TCF
RMORE,CC,-DD,TCF

c‘..

NUM=51

MID=(NUM+1)/2

ND=7

MUM=NUM+ND

N,1,0

N,NUM,L

FILL

N,NUM+1,L,0,2

N,MUM,L,0,6

FILL

N,MUM+1,L.5,0

NLIST,ALL

C...

TYPE,1 $MAT,1 SREAL,1 *M4X13.0

E,1,2,NUM+1

RP50,1,1,0 * RPNNN, NNN=NUM-1

TYPE,2 $MAT,2 $REAL2 *RIGID

ENUMNUM+1,1

TYPE,1 SMAT,1 $SREAL3 *C4X5.4

E,NUM+1,NUM+2,MUM+1 i

RPS6,1,1,0 . * RPNNN, NNN=ND-1 : Ce

*STAT 7 =7

T Q. -

ITER,-20

POSTR, 1,5

C*** BOUNDARY CONDITIONS:
D,1,UX,0,,,,UY,UZ,ROTX
D,MUM,UX,0,,,,UY,UZ,ROTX,ROTY,ROTZ
C*** TUNIF,270

C*** },1,FX,64

F,MID,FZ,-8.2

C*** DEFINE REPEATING LOADINGS AS MACRO
*CREAT,TMP

TUNIF,ARG1

LWRITE

*END

*USE,TMP,70

RP41,,10

c‘.'

/PBC,ALL,1

/SHOW

. /VIEW,,0,-1,0

/TITLE, HIGH DUCTILITY RATIO MODEL (M4X13 / C4X5.4)
/PNUM,NODE,-1

/PNUM,ELEM,-1

EPLOT

/TITLE, HIGH DUCTILITY RATIO MODEL. NODE NUNBERS
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11.5.4.2 (Continued)

1
sesvessers ANSYS INPUT DATA LISTING (FILE1S) *essevevee

121 /PNUM,NODE,1
122 /PNUM,ELEM,-1
123 EPLOT
124 /TITLE, HIGH DUCTILITY RATIO MODEL ELEMENT NUMBERS
125 /PNUM,NODE,-1
126 /PNUM,ELEM,1
127 EPLOT
128 /TITLE, HIGH DUCTILITY RATIO MODEL, PARTIAL
129 ERSEL,NUM-1,NUM+ND
130 /PNUM,NODE,1
131 /PNUM,ELEM,1
EPLOT
133 /TITLE, HIGH DUCTILITY RATIO MODEL (M4X13 / C4X5.9)
134 /PNUMNODE,-1
135 /PNUM,ELEM,-1
136 /PNUM,REAL,1
EPLOT
1383 Coo»
139 BALL
140 NALL

141 AFWRITE,,1
142 FINISH
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11.5.4.3 ANSYS Model Plot

Fiqure 11.5.4.3
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11.6 Results:

Results from ANSYS nonlinear analyses for Problem 1 through

Problem 4 are given in sections 11.6.1 through 11.6.4
respectively.

The ANSYS models are verified for STIF24 member section
properties, defined by twelve (12) rectangular segments for
the wide flange I-beams and by eight (8) segments for the
channel C4x5.4, in comparison to AISC tabulated values.

M4x13 : (Reference computer output file ’JOCW1X1’)

Area (in?) Iyy (in%) Izz (in%)
ANSYS Output 3.84 10.6 3.77
AISC 3.81 10.5 3.36

W6X20 : (Reference computer output file ’/JOCW3X1’)

Area (in?) Iyy (inﬁ Izz (in%)
ANSYS oOutput 5.92 41.8 13.3
AISc 5.88 41.5 13.3

C4x5.4 : (Reference cbmputer output file ’JQQWdXZ’LH“

Area (in?) Iyy (in%) Izz (in?)
ANSYS Output 1.57. 3.81 .378

AISC 1.59 3.85 .319
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11.6.1

Results for Problem 1

For Problem 1 of Howland-Newmark test
configuration, ANSYS results are obtained from
computer runs output files ’JocwicCl’ (Appendix B)
for Fx = 0 and ‘JOCW1C2’ for Fx = 64 kips.
Results are provided in Figqure 11.6.1A through
Figure 11.6.1C. The problenm 1 applies incremental
lateral displacements (Uz) at the center of member
(node 16) which is equivalent to an ~applying

.incremental lateral loads (Fz) in the test report

(Attachment C).

Figure 11.6.1A provides the comparison of, for the
case where axial force Fx = 0, the vertical (Z2-
direction) reaction forces at node 16 with lateral
applying loads of test data (Attachment C). The
loads are plotted varying with the ratio of actual
lateral displacement - (Uz) to the " yield
displacement (Uzy) at node 16.

Figure 11.6.1B provides the comparison of, for the
case where axial force Fx = 64 kips, the vertical
(2-direction) reaction forces at node 16 with
lateral applying loads of test data (Attachment
C). The loads are also plotted varying with the
ratio of actual lateral displacement (Uz) to the
yield displacement (Uzy) at node 16.
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11.6.1 (Continued)
Figure 11.6.1A
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11.6.1 (Continued)
Figure 11.6.1B
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11.6.2

For Problem 2 of Howland-Newmark Thermal Model

For Problem 2 of Howland-Newmark configuration
with thermal compression, results are obtained,
from computer runs output file ’JOCW2C1’ (Appendix
B) for the range of temperature from 70 °F to 470
°F, and given in Figures 11.6.2A, 11.6.2B and
11.6.2C.

Figure 11.6.2A provides the displacement ratio
varying with temperature and Figure 11.6.2B for
the strain ratio versus temperature. Figure
11.6.2C shows the variation of axial force in the
member with temperature change.

The displacement ratio is defined as the ratio of
the actual displacement to the yield displacement
for Node 16 at the center of the member. The
strain ratio is taken as the ratio of the actual
total strain (elastic plus plastic) to the yield
strain for element 16 at node 156. For primary
members, the ductility ratio is determined by the

displacement ratio based on Section A8.1 of WB-DC-

20.

The reserve capacity of the primary member is
taken as the temperature at which the ductility
ratio reaches a value of 3 in accordance with

- Section A8.1.4 of WB-DC-20, corresponding to. the -
~displacement ratios.in;Eigure»ll;G.ZA.~ LT

Figure 11.6.2A indicates that the temperature
limit is 410 ° F or a temperature difference of 340
°® F at a displacement ratio of 3. '




- o B ~ EBASCO SERVICES INCORPORATED
_ BRANCH/PROJECT ID: WcG-1- 81| _
By C Clle Date_ &~2-9/ Sheet_ %2 of %

chkd. by Y (A1 pate G —4-9) . OFS No. - Dept. No. -

Client TVA
. Project__WBNP Unit 1
Subject__Test Correlation Studv for Thermal Use of Ductility Ratio

11.6.2 (Continued)
Fiqure 11.6.22
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11.6.2 (Continued)
Fiqure 11.6.28
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11.6.2 (Continued)
Figure 11.6.2C
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11.6.3 Results for Johnston-Cheney Thermal Model

For Problem 3 of Johnston-Cheney model with
eccentric thermal compression, ANSYS results, from
computer runs output file ’JOCW3cl’ (Appendix B)
for the range of temperature from 70 °F to 470 ° F
and later extended to 570 ° F with output file
"JOCW3X1". The results are given in Figures
11.6.37A, 11.6.3B and 11.6.3C.

Figure 11.6.3A provides the displacement ratio
varying with temperature and Figure 11.6.3B for
the strain ratio versus temperature. Figure
11.6.3C shows the axial forces in the member
varying with change of temperature.

In the figures, the displacement ratio is defined
as the ratio of the actual displacement to the
yield displacement for Node 16 at the center of
the member. The strain ratio is taken as the
ratio of the actual total strain (elastic plus
* plastic) to the yield strain for element 16 at
‘ node 16. For primary members, the ductility ratio
is determined by the displacement ratio based on
Section A8.1 of WB-DC-20.

Figure 11.6.3a indicates that the reserve
capacity, corresponding to a displacement based =@ ,
ductility. ratio of .3, in «terms;ﬁqff4§gmp§:atgre::rf‘”

‘difference is at least 400°° F. - -

Figure 11.6.3C gives a Yield axial force of 95
kips. The average compressive stress at yield is
calculated by

f. = (95)/ A = (95)/(5.88) = 16.2 ksi
For W6x20 member,

kl/r = (1) (119)/(2.66) = 44.7

In comparison to test data, Figure 28 of Reference
9, the data curve for e/s = 1 with e about strong
axis, gives fa = 16.2 ksi at kl/r = 44.7.
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11.6.3 (Continued)
Figure 11.6.3B
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11.6.3 (Continued)
Figure 11.6.3A
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11.6.3 (Continued)
Figure 11.6.3C
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11.6.4

Results for High Ductility Ratio Model

For Problem 4 of High Ductility Ratio Model with
increment temperature, ANSYS results are obtained
from computer run output files ’JOCW4C2’ (Appendix
B) and a later run with extensive output
information with file "JOCW4X2’, for the range of
temperature from 70 ° F to 470 ° F. Results are
given in Figures 11.6.4A through 11.6.4D.

Figure 11.6.4A provides the displacement ratio
varying with temperature and Figure 11.6.4B for
the strain ratio versus temperature for the
primary member. Figure 11.6.4D shows the
secondary member strain ratio varying with

.temperature. The axial force in the primary

member is given in Figure 11.6.4C for each
temperature up to 470 ° F.

In the figures, the displacement ratio is defined
as the ratio of the actual displacement to the
yield displacement for Node 26 at the center of
primary member. The" strain ratio is taken as the
ratio of the actual maximum total strain (elastic
pPlus plastic) to the yield strain, for element 27
at node 26 for the pPrimary member and for element
57 at node 58 for the secondary member. The
ductility ratio is determined by the displacement

ratio for primary members, and by strain. ratio or :

. -.displacement ratio for the secondary member,  in-

- accordance with WB-DC-20.

From Figure 11.6.4D, at second member strain ratio

= 20, the corresponding temperature is 275 ° F.
From Figure 11.6.4A, 4B & 4c, at temperature = 275
o

F,

'The primary member displacement ratio = 1.27
strain ratio =.2.01
axial force = 11.5 kips

The above results indicate that second member
strain ratio controls the allowable limit and that
the flexibility of second member tends to limit
the axial forces of the primary member. The
displacement ratio is not provided for the
secondary member since it was initially at 70 ° F.
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11.6.4 (Continued)
Figure 11.6.4A
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11.6.4 (Continued)

Figure 11.6.4B
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11.6.4 (Continued)
Fiqure 11.6.4D
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12.

SUMMARY OF CALCULATION RESULTS

Pfobiems 1 results are nearly identical to test data in
Reference 10.

Problems 2 and 3 exhibit reserve capacity of member when the
displacement ratio is above the accéptance criteria (3) at

temperature higher than 400 °F (330 °F temperature
difference).

Problem 4 shows that at the temperature the strain ratio for
second member reaches 20, the corresponding displacement ratio

.for the primary. member is 1.2 and strain ratio is 2.0.
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13. CONCLUSION

* ANSYS nonlinear analysis results are 1n excellent agreement
with test data in References 10 and 9. The applicability of
ANSYS nonlinear analysis is demonstrated.

* The axial force in a member due to thermal effect is self-
limiting. The axial force does not increase as temperature
increases after the axial force reaches a peak value.

* The analysis results indicate reserve capacity when the
displacement ratio is above the acceptance criteria (3).

* Problem 4 results indicate that high strain ratio may develope
in the secondary member while the dlsplacement ratlo of thev
primary member remains below 3.

* Ductile behavior is present in members subjected to static
load as well as thermal load.




