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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or imphed, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe povately owned rights.
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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The N RC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive,

Referenced documents available for inspection and copying for a fea from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Of fice of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports, vendor reports and correspondence; Commission papers; and applicant and
licensee documents and coninpuaverice.

The following dcauments in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of

| Federal Regulations, and Nuclear Regulatory Commission issuances.
'

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Docuinents available fram public and soecial technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non N RC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public, Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are Amencan National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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WIPS: COMPUTER CODE FOR WHIP and IMPACT
ANALYSIS OF PIPING SYSTEMS

PART D

VERIFICATION MANUAL
.

ABSTRACT

This report presents details of a number of examples which have been chosen
to verify the WIPS code. The examples have been selected to verify most (but
not all) features of WIPS. For each example the following information is pro-
vided:

(1) A description of the example.
(2) Complete WIPSLOG file listings, detailing the steps followed in setting up

the example. These listings will enable a user to reproduce each example.

(3) DATA file listings. -

(4) Results, including comparisons with previously reported experiments
and/or analyses if available.4

The conclusions which can be reached from the verification study are as fol-
Iows.

(1) WIPS is an effective tool for the analysis of restrained pipes. Neverthe-
less, it is recommended that additional verification examples be analyzed
before WIPS is used for production analysis.

(2) WIPS is an effective tool for the analysis of unrestrained pipes (with large
displacements) up to impact with adjacent objects. Again, however, it is
recommended that additional verification examples be analyzed before
WIPS is used for production analysis.

(3) WIPS appears to work well for analyses which make use of the impact
analysis option but has not been tested thoroughly. These analyses are
extremely complex and very expensive computationally. Considerable
additional verification is recommended before production analyses are
attempted.
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DI. INTRODUCTION

WIPS (Whip and Impact of Piping Systems) is a special purpose computer code for the
analysis of pipe whip following postulated pipe rupture. The scope and purpose of the code
have been described in the WIPS Summary Report. User instructions, theoretical data and pro-
grammer instructions have been presented in WIPS Repor:s A, 8, and C, respectively. In this
report, the results of a number of examples are presented.

The purpose of the examples is to provide verification of the WIPS code, using, where
possible, comparisons with previously reported experimental and analytical results. The exam-
ples also serve as illustrations on the use of WIPS. Details of the example analyses are

! presented in Sections D2.1 through D2.7.
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D2. EXAMPLES

THE FOLLOWING SECTIONS PRESENT DETAILS OF THE EXAMPLE ANALYSES.
EACH EXAMPLE IS PRESENTED AS A SEPARATE CHAPTER TO ALLOW ADDI-
TlONAL EXAMPLES TO BE ADDED IF DE51 RED.

.
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D2.1 STATIC BEHAVIOR OF ELBOWS

D2.1.1 PURPOSE
This series of examples tests the curved PIPE element, by comparison with previously

reported test results. The influence of large ovalling on the computed behavior is explored.
Large displacement effects and strain rate effects are not considered.

D2.1.2 DESCRIPTION
A series of tests on pipe elbows has been reported by Bolt and Greenstreet [2.1.11. The

test configuration is shown in Fig. 2.1.1. All 15 of the test specimens considered in [2.1.1)
have been analyzed using WIPS. The properties of the test specimens are suremarized in Table
2.1.1.

The pipes were made of ASTM A 106 Grade B carbon steel and ASTM A 312 Type 304L
stainless steel. Nominal yictd stresses (0.2% offset) were given for the test specimens in
12.1.II. Iloweve.. detailed stress strain curves for the steels were not given, and hence, there
is some uncertainty in the specification of the material properties. The trilinear stress strain
curves shown in Tables 2.1.2 through 2.1.5 have been assumed for the WIPS analyses. For the
A 312 stainless steel and the A 106 steel with 50 ksi yield, curves similar to those used by
Scheller and Mallett 12.1.3) have been assumed. For the weaker A 106 steels, curves similar to
the 50 ksi curve have been assumed. but with lower strengths.

There is also uncertainty about the actual dimensions of the elbows. For a supplementary
series of tests described in 12.1.21. variations from the nominal dimensions are reported For
the first 15 tests however, this information was not reported. For the WIPS analyses nominal
dimensions hase been assumed as follows:

6 in. Schedule 40 Pipe: 6.625 in. O.D. x 0.280 in. wall thickness.

6 in. Schedule 80 Pipe. 6.625 in. x 0.432 in.

Long Radius (LR) Elbow: 9 in. radius to pipe centerline.

Short Radius (SR) Elbow: 6 in. radius.

D2.1.3 WIPS ANALYSIS MODEL

D2.1.3.1 Geometry and Loading

The WIPS analysis model consisted of three straight PIPE elements and two curved PIPE
elements, as shown in Fig. 2.1.2. Loads were applied at node 6 (upwards, downwards, or out-
of plane). The response is static, whereas WIPS performs only dynamic analyses. Static
behavior was obtained by specifying negligibly small mass and damping values in addition the
displacements were controlled by adding a very stiff UBAR (10000 k/in. stiffness) at node 6. A
force time history increasing linearly from zero was specified (ramp loading) and the UBAR
stiffness, load magnitude, and time step were chosen to extend the UBAR clement by 0.05
inches in each time step. Because the USAR was much stiffer than the PIPE elements, node 6
displaced almost exactly 0.05 inches per step. The displacement increments at node $ also
increased essentially equal amounts in each step. The shear force in PIPE element 5 6 gave the
load carried by the pipe specimen. .

D2.1.3.2 Otelling Parameters

The ovalling theory for the PIPE element is only semi rational and requires that certain
ovalling stiffness and strength parameters be specified. An initial ovalling stiffness is deter.

i

mined automatically (the value is consistent with the flexibility factor commonly used in piping
analyses), and a nominal ovalling yield strength is also determined automatically. The follow.
ing parameters must then be specified in order to define a trilinear relationship between ovalling

5

_ - _ _ - _ _ _ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



i

deformation and a corresponding ovalling " force":

(1) Ovalling strength at first yield, as a multiple of the nominal yield strength. In WIPS, the
default value 5is multiple is 1.3.

(2) Ovalling stiffness after first yield, as a multiple of the initial ovalling stiffness. The default
value is 0.35.

(3) Ovalling stiffness after second yield, as a multiple of the initial ovalling stiffness. The
default value is 0.08.

It is not required to specify the ovalling strength at second yield. Second yield is automatically
assumed to occur at a deformation of twice the first yield deformation. For the analyses, the
default values were used.

In addition, the analyst may specify "small" or "large" ovalling. For small ovalling changes
in shape of the pipe cross section are assumed to be small, and cross section properties are
computed assuming a circular section. For large ovalling the changes in pipe diameter are
assumed to be significant, and cross section properties are progressively recomputed for the
ovalled section. All cases were analyzed with large ovalling, one case being re-analyzed with
small ovalling for comparison. In addition, one case was analyzed substituting straight elements
for the two curved elements. The major effect of this substitution is that ovalling is completely
ignored.

D2.1.3.3 Anslysis Control Parameters

The analysis control parameters were chosen to ensure a constant time step during the
analysis. The Newmark step by step option was used, with essentially zero mass and a very
small damping factor to eliminate dynamic effects.

D2.1.3.4 WIPS Input
Tables 2.1.6 through 2.1.8 contain WIPSLOG listings up to the WIPS. DATA phase for a

typical case (Test PEI). Table 2.1.9 is a listing of the DATA file for the same case. All other
DATA files were similar.

.

D2.1.4 RESULTS

D2.1.4.1 Tests PEI through PE6

The WIPS and experimental results are compared for Tests PEI through PE3 in Figs.
2.1.3 through 2.1.5. For Tests PEI and PE2 (up and down loading, respectively), the agree-
ment is close. For Test PE3 (out of plane loading), the computed strength is significantly
larger than the measured strength. An analysis of Test PE3 has been reported in 12.1.3) using
two other elbow elements, with comparable differences between analysis and experiment.

The computed results for Tests PEI and PE2 are compared in Fig. 2.1.6. The computed
results assuming small ovalling are also shown. The difference in strength for upwards and
downwards load is not large and is not likely to have a significant effect for pipe whip analysis.,

For most applications, therefore, it is recommended that small ovalling be assumed.

Figure 2.1.7 shows the effect of ovalling on strength and stiffness, by comparing analyses
of Test PEl with (a) the elbow modelled with two curved elements (as in Fig. 2.1.2) and (b)
the elbow modelled with two straight elements. The main difference in the two am 'yses is that
in the case with straight elements ovalling is ignored. It is clear that ovalling gres.ly reduces
the strength and should not be ignored.

The results for Tests PE4 through PE6 (with internal pressure of 1500 psi) are shown in
Figs. 2.1.8 through 2.1.10. For Test PE4 (up loading), the agreement is close. For Test PE5
(down loading), the computed strength is significantly below the measured strength. Note,
however, that the test results indicate that specimen PE5 was stiffer than specimen PE4 up to a
load of over 8 kips. This is the opposite of what would be expected and suggests significant,

variability in the test specimens. For the out of. plane loading (Test PE6), the computed
strength again exceeds the measured strength.

I

6
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D2.1.4.2 Tests PE7 through PE9
The results for Tests PE7 through PE9 (up, down, and out of-plane loading, respectisely,

with zero pressure) are shown in Figs. 2.1.11 through 2.1.13. The computed strengths for Tests
PE7 and PE8 are significantly below the measured strengths, whereas the results for Test PE9
are in close agreement.

D2.1.4.3 Tests FE10 through PE14
The results for Tests PE10 through PE12 (up, down, and out-of. plane loading, respec-

tively, with zero pressure) are shown in Figs. 2.1.14 through 2.1.16. The tests for these cases
were terminated at rather small displacements, and hence, a comparison of strength cannot be
obtained. It appears, however, that the computed strengths for the in plane Tests PE10 and
PEll are below the measured values, whereas the results for Test PE12 could be in close agree-
ment.

The results for Tests PEl3 and PE14 (up and out of-plane loading, respectively. with
1500 psi pressure) are shown in Figs. 2.1.17 and 2.1.18. The computed strength for Test PEl3

,

is far below the measured value. The computed strength for Test PEl4 is also low.
|

j D2.1.4.4 Test PE15
The results for Test PEl5 (down loading with zero pressure) are shown in Fig. 2.1.19.

I The agreement is quite close. Close agreement has also been reported in (2.1.3] for a test or' a

| similar elbow (Test PEl6).

D2.1.5 CONCLUSION
The computed and measured results agree within about 10% for the in plane loadings for

Tests PEl, PE2, PE4, PES, and PE15. For these tests the material properties were selected
with guidance from 12.1.3], and it appears likely that the assumed properties agree with the
actual properties. For the out of plane tests PE3 and PE6, the computed strength exceeds the

: measured strength by about 20%.

For the remaining cases with in plane ioading. the computed strengths are substantially'

below the measured strengths, whereas for the remaining cases with out of plane loading thei

results agree quite closely. For all of these cases, it is less certain that the material properties
2

j have been approximated correctly. More detailed investigation is needed to determine the rea-
sons for the differences.

|
A detailed study of the differences between the measured and computed strengths would

4

require a major research effort and has not been possible withm the present study. Overall, the
,

agreement between analysis and experiment is believed to be sufficiently close for pipe whip'

| applications. It should be noted that pipe elbows are extremely complex structures. The WIPS
curved pipe element appears to model the essential features of elbow behavior, while still being
reasonably simple theoretically and quite efficient computationally.
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TABLE 2.1.1 - PROPERTIES OF TEST SPECIMENS
Test Pipe Material Yield Loading Lever Pressure
No. Size Stress (ksi) Arm (in) (psi)

PEl 6Sch40LR A106B 50 Up 28.50 0
PE2 Down 28.25 0
PE3 Side 28.75 0
PE4 Up 27.56 1500
PES Down 27.50 1500
PE6 Side 27.75 1500

PE7 6Sch80LR A106B 37.8 Up 25.00 0
PE8 Down 25.00 0
PE9 Side 25.88 0

PE10 6Sch40SR A106B 39.6 Up 29.75 0
PEll Down 30.00 0
PE12 Side 28.00 0
PE13 Up 27.50 1500
PE!4 Side 27.00 1500

PE15 6Sch40LR A312 37.7 Down 26.75 0

,

1
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TABLE 2.1.2 - TRILINEAR APPROXIMATION - A-106B STEEL,50 KS1
Stress (ksi) Strain Modulus (ksi)

0 0 30000

45.5 .00152 1700

51.0 .00475 120 i

TABLE 2.1.3 - TRILINEAR APPROXIMATION - A-106B STEEL,39.6 KS1
Stress (ksi) Strain Modulus (ksi)

0 0 30000

36 .00120 1415

41.5 .00500 170

TABLE 2.1.4 - TRILINEAR APPROXIMATION - A-106B STEEL,37.8 KSI
Stress (ksi) Strain Modulus (ksi)

0 0 30000

34 .00113 1500 [
.

39.5 .00500 120 ',

.
'

en

o

|

|
l TABLE 2.1.5 - TRILINEAR APPROXIMATION - A312 304L STEEL,37.7 KSI

Stress (ksi) Strain Modulus (ksi),

0 0 29000

33 .00114 1630

45 .00850 210

28
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TABLE 2.1.6 - WIPSLOG LISTING. GE0M PHASE. )i

|

EXEC - WIPS EXECUTIVE
Creat i ng problem no.1
Probles descr iptiont Bolt-Greenstreet Cases FEI,2,3

NE X T W IPS-E XE C COMM A ND I geom

GEOP - SPECIFICATION OF SYSTEM GEDMETRY

Define units
Length Ift.Inomemm) * In
Force I6 elbekgf ekNI I k

Specif y new GEDM data

STAPT RUN NO. 1
Enter c.p. data In sequence along run

c.p. name and type 8 1
coord option 2 di
x.yer t
Any changes? I

c.p. name and type 1 2 tn
no. of extr a nodes I
coord option
in generated automatically
Any changes? I

c.p. nere and type t tl ti
bend radius 9
coor d option I
c .p . , da ,dy e d: 1 1,,27
Any chseges? I

c.p. name and type 1 4 in
no. of extr a nodes 8 1
coord option I
tn generated automatically
Any changes? 8

c.p. name and type 5
i i no. of extra modes t

coord option 8,

4 c.r., dF, dyed .15
offset point defaults to preceding c.p.,
Any changes? t

* c.p. naee and type 6
1 no. of extra nodes *
5 coord option I
e c.p., dmedyed s tl 37.5

Any changes? Ig

( c.p. nere and type I
test c.p. In this run? I y
'elsplay GFDM data for this run? I y
a
1

t

4

%

&

%

.

~ 29
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Table 2.1.6 (Cont'd)
GE DP D AT A F DR RUN

run c .r . c.p. bend atra coord c.p. c.p.? coer c inat e datano. n aec type redlus nods opt I J ? modaep y dy red:

1
1 0 di 0. C. C.
2 tn 0 tn 0. C. C.
ti tl 9.000 0 of 1 0. 27.000 C.
4 in I tn 0. C. C.
5 0 of 4 15.000 0. O.
6 0 of tl 37.500 C. C.

END OF DATA

STAFT RUP. ND. 2
Enter c.r. data In sequence along run

c.p. name and type !
Last run? I y

Display new GEDM data? *
Nrite in session log? *

Modif y CEOP data? *

Save current CEDM data? y
Ccen n t for file catalog *
CEDF DATA S AVED. FILE N AME = GECMCIO1

Prodtce COOR data? I y

Display COOR data? I y

CDOF DATA

run c.p. c.p. bend node a y ? r
no. name type radius no. coord ccor d? ccord

1

1 1 0. O. C.
2 tn 2 0. 18.000 C.
ti tl 9.000 0. 27.000 C.,

! center 9.000 18.000 C.
3 2.636 24.364 0.

4 in 4 9.000 27.000 C.
[ 5 5 24.000 27.000 0.
( 6 6 37.500 27.000 0.' END OF PATA

Plot geesetry? I

Modify CEOP data? *

DAT A CDPFLETE FDR THIS SESSION

Save f inal GEDM date? * y
Comment for f lie catalog I Test PE1 (31.5)
GE DM C AT A SAVED. FIL E NAME = GECM0101
Save CDCP data? I y
Comment for flie catalog Test PE1 (37.5)
C00F DATA SAVED. FILE NAME e COOP 0101 8

End of this GEOM session

EXEC - N!PS EXECUTIVE

NE XT W IPS-EREC COMMAND gult

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . - . - . . . . - - - - - - - - - - - - - - - . . . . - - - - - - - - - -
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TABLE 2.1.7 - WIPSLOG LISTING FOR MATL, PIPE, UBAR AND FREC PHASES.

1

!

EXEC - WIP5 EXECUTIVE

NEXT WIPS-EXEC COMMAND 8 mati

MATL - $PECIFICAT10h 0F MATERIAL PRDPERTIES

Define units
Lengtb Iftelneueme) * In
Force (h elb skgf ekN) Ik

Start new MATL file

Specify a new property set? y

SE T NO . = 1
Proper ty set description : ASTM A3069 50ksi Trl1Incar.

Static modull (min =2. max =5)
* 30000 1700 120

yleid strengths (no. of modull sinus 1)
* 45.5 51

Strain rate stif fnesses (min =0. max =3)
*

ho strale rate ef fect'

Use def ault tolerances? *y
.3) *Poisson rat io (df1 t a

Weight density (df1t= steel) 3

Any er rors? t

This set added to MATL file

Specif y a new property set? I

ho. of preperty sets in MATL file = 1

Display property set descriptions? t
Wr i te in session log? *

Display new property set data? 8
krite In session log?

Display all property set data? y

MATL PROPEPTy DATA

SET ND. 3. ASTM A1069 50ksi Trillnear.

Matl Data Sege Podulus or Stress /5 train
Type Type No. Coe f f ic i ent Llelt'

prer
static 1 0.3000e+05 0.4850e+C2

2 0.1700e+04 0.5300e+02
3 0.1200e+03

yld.tol. 0.2000e-01
stif to) 0.5000e-01

1

l

31 |
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! Table 2.1.7 (cont'd)

rate tol 0.5000e-01
poisson 0.3000e+00
censity 0.2840e-03

Mit RETURW for next set
END OF DATA

New P ATL flie created
Comment for file catalog i 1 set

End this PATL session? I y

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC COMMAND t pipe

PIPE - SPFCIFICATIch DF PIPE PROPERTIES

Define units
Length Ift In,m mm) * Ine

Force (b elb,kgf ekN) 8k

No. of PATL property sets available = 1
Display raterial descriptions? I
Write in session log?

Start new PIPE file

SpecIf y a new property set? I y

SET NO. = 1
Property set description * 6sch40, A1068 50ksi.

Outside diameter I 6.625
Wall thickness t .28
Weight / unit length (df1t= pipe weight ) *
No. of N-section elements (df1t=12) *
Material nueber 1

Large ovalling (yes or not? (df1t=not * y
Use default ovalilng properties?

No. of bordening ratios for ovalling (df tt=2) :
Hardenleg ratios for ova 11Ing .35 .08
StIf fness modification f actor 1
Strength modification factor 1

Any error s? 8

This set added to PIPE file
(

5pecify a new property set? I y
| SE T WD . = 2
1 Prope rty set description As fcr Set 1 but small ova 11Ing.
t Outs ide diame ter * 6.625

Wall thickness * .28
Weight / unit length Idf1 t = pipe weight ) t
No. of X section elements Idf1t=12) *

32
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|

1

|

Table 2.1.7 (cont'd)

|

Materlat number 1
. Large ovalling (yes or no)? (df1teno)

Use default ova 11Ing properties? t
he. of tardening ratlos for ovelling Idflt=2)
Hardening ratios for ovelling .35 .08
Stif fness modification f actor 1

Strengtb modification f actor 1

Any errors? 8

This set added to PIPE file

Speelf y a new property set? *

No. of property sets in PIPE file = 2

Display property set descriptions? I y

PIPE PRCptRTY DE SCRIPTIDNS
Set No. De scr ipt ion

1 6sch40, A106P 50k s i .

2 As for Set 1 but ses11 ovalling.
a

Olsplay new property set data? 8
Wr i te in session los? *
Display all property set data? I y

PIPE PPDPE RTY D AT A

SE T NO. 1. 6 sch40, A1068 50k si .

Data Segm Modulus or Stress /1 train
Type No. Data value Limit

Outside diame ter 0.6625e+01
Wall thickness 0.2800e+00

i Unit weight 0.1585e-02
i No. of elements 12

No. of slices 2
Stress v strain 1 0.3000e*c5 0.4550e+02

2 0.1700e+C4 0.5100 e +02
3 0.1200e+03

Poisson ratto 0.3000e+00
, Large ova 11|ng yes

Ovalling ratios 1 0.3500e+00
2 0.8000e-01

1Hit RE TURN for next set

SET kO. 2. As for Set 1 but sea 11 ove111ng.

Data Sege Modulus or S tre s s/ Str a in
Type No. Data value Limit

Outside diameter 0. 66 25 e + 01 |
Wall thickness 0.2000e+00 j

33
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Table 2.1.7 (cont'd)

|

Un it we lght 0.1585e-02
No. of elements 12
No. of s1 Ices 2
Stress v strain 1 0.3000e+05 0.4550e+02

2 0.1700e+C4 0.5100e+02
3 0.1200e+03

Poisson ratio 0.3000e+00
Large ova 111pg no
Dwelling ratios 1 0.3500e+00

2 0.0000e-01
nit PE TUFk for next set
END OF DATA

New PIPf file created
Comme n t f or file catalog * 2 sets

End th is PIPE session? I y

EXEC - WIPS E XECUTIVE

NE XT WIP5-E XEC COMMANO 8 ubat

US AP - SPECIFICATION OF U-B AR PROPERTIES

Define unit s
Length If tilnlatsm) In
F or c e Ikslbekgf kN) *k

Start new USAR file

Specif y a new property set? * y

SET ND. = 1
! Proper ty set description * 5tif f bar to control displs.

Static stiffnesses (eIn=2, man =6)
2000 200

5tstic strengths Ino. of stiffnesses minus 1)
I le 6

Estens len rate St if f nesses lain =0,mam=3)
i 8

No entension rate effect
Def ault esp clearance .001
Use default tolerances? * y

Any errors? I

This set added to USAR file

Specif y a new property set? *

No. of preperty sets in US AF file e 1

Display property set descr iptions? *
Wr i te in session log? *

Display new property set data? *

34
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Table 2.1.7 (cont'd)

Wr i te In session log? *

Display all property set data? * y

De AF PROPERTY DAT A

SET NO. 1. Stiff bar to control dispis.

Data Sege Stiff ness or F orc e
Type No. Coefficient Llelt

Static properties 1 0. 2 000e + 0 * 0.1000 e * 0 7
2 0.2 000e + 03

Def ault gap 0.1000e.02
Stiffness tol. 0.5000e-01
Overshoot tol. 0.2000e+00
Unioading tol. 0.2 000e + 00

hit RETUFN for next set
END CF DATA

New USAP flie created
Comme n t f er file catalog I 1 set

End th is US AR session? * y

EXEC - WIPS EXECUTIVE

NE XT WIP5-EXEC COMMAND 1 frec
,

FREC . SPECIFy DYNAMIC FDRCE RECORDS

Def ine unit s
Length If t In,meeml In
Force Ik elb ekgf ekN) Ik

Start new FREC flie

Specif y a new record ? * y

RECDRO ND. 1
,

IRecord nare (4 characters 1 * rect
Descr iption (max. 40 char.) Raep to 10000k in 10 sec.

Enter Tire-Force pairs
Fir st pair automatically set to 0,0
Pair no. 2 2 10 10000
Pair no. 3 *

Last palr? * y
Any errors ? !

Specify a new record ? I

Display any records ? *

Write records In session log?

End this FREC session? * y
New FREC file created
Comme n t f or file catalog * 1 record

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC COMMAND t quit

... ........................................................... ......
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TABLE 2.1.8 - WIPSLOG LISTING. MOOL AND DATA PHASES.

1

!
EXE C - WIPS E XECUTIVE

NEXT WIP5-f XE C COMM AND t modt

MOOL - SPECIFICATION OF AN ALYSIS MODEL

Define units
Length (fteln m.mm) * In
Force (b elb kgf,kN) Ik

Sequence no. of C00R flie 1

Ava11able element prcperty se t s
Tyre No. of Sets
p ip e 2
utar 1

avaliable substructure property sets
Nor e

DEFINE P00EL IN SECMENTS
.

SE GPINT NC. I

pipe rur ro. 1 1
Fir st c.r. of segment t 1
Full 3D ection 7 :
Displacerent plane (my.yr or rx ) xy

Any substructures in this segment?
Boundary condition code for first c.p. I 111111

Specif y c.p.name + clem type * optional data
.

1: E pipe pr =1 wf =le-10
2 L uba r pr =1 dy=-1 g ap= .001
31
End of secment? t y
Display ccmmands for this segment? y

MCOL CDPP AND T ABLE

SE CPE NT Nr. 1. Run No. = 1
c .p . elen optn data op tn data eptn data

1
bcon 111111

6 ripe
prop 1

loci + Idis no this yes
wfac 0.1000e-09

6 ubar
prop 1

Idis no Unis yes

dylj -1 0000 gap 0.1000r-02
Any changes? t

SE CPE NT NO. 2
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Table 2.1.8 (cont'd)
Pipe r un no. I
Last segeent? I y

Any externai substructures? *

Display commands for all segments? 8
Write In session log?

Produce POOL flie? * y
Walt while data is processed

Specify Initial velocities ? :
.

Comment for file catalog * PE-1. Targe ovalling.

MOOL flie saved. File name = MOCLO101
End of this MODL session

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC COMMAND data

DAT A - SE T UP WIPS-ANAL INPUT D AT A

Sequence no. of MOOL flie i 1

ProL1em cescription (4 IInes)
L ine 1 i Polt-Greenstreet Test PE1. GHP 7/e2
L ine 2:
Line 3 : Large ova 111pg. ASTP A106B materla1. To 2.5 In disp 1. at 6.
L ine 4

5et up PAUSE flies at end of analysis ? :
Walt whl1# flies are processed

Specif y data for each loaded point
LDAD NO. 1

Force record name a rect
Naer of loaded c.p. I 6
Force direction (x,yer or follower) !y
Scale factor (+. controls direction) : 1
Tlee delay ( sec ) (df1t=0) :

LDAP NO. 2
force record name

Last load? * y

Time s teps * Initlai + max + min * .05 .051 .049
Max s teps + mas total time 1 50 10

Err or tolerances upper + lower 1 ele le-10
Result s output Intervals
Man. no. of steps 8 1
Man . tiec (secs.) : 1

Integr at ion scheme (newe or hilb)(dftt= news) *
Deeping f actor (df tt =0.1) .0001
Factor for time step increase (df1t=2.0) t
Facter for tlee step decrease (df1t=0.5) t
Max. unbal. to reduce time step (df1teno Ilmit) *
Max. unbal. to stop analysis (df1teno Ilmit) *

OAT A file set complete
Comment for flle catalog * PE1. Large ovalling.
WIPS- ANAL DAT A FILES SET UP. PARENT FILE N AME = DAT A0101

EXEC - WIPS EXECUTIVE

NEXT WIP5-EXEC COMMAND * quit

.............................. .......................... .............
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| TABLE 2.1.9 - LISTING 0F DATA FILE FOR A TYPICAL CASE (TEST PE1)
|
|

ECH00101 SLOG 0101 R5LT0101
star.
gbui
n ew . ma i n .n on1. c a r t ,0

subst r ucture name = ealn
refn.7

1 0. e+00 0. e+00 0. e+00
2 0. e+00 0.1800000e+02 0. e+00
3 0.?t36039e+01 0.2436396e+02 0. e+00
4 0.9000000e+01 0.2700000e+02 C. e+00
5 0.2400000e+02 0.2700000e+C2 0. e+00
e 0.3750000e*02 0.2700000e+02 0. e+00

9999
boun,7

1 111111
2 1110
3 1110
4 1110
5 1110
6 1110

9999 111111
ened.C
sat 1.3,64
0.20000 0C00 e+ 010.2 99999982 e + 000. 300000000 r + 050.170000000e + 04 0.12 0000000c + 0 3
0.4 5500 0C 00e + 020.510000000 e + 020. 999999932 e + 2 C C .199c 9999 t e -010. 49999 90 7 Ce-01
0.12 0C 0 0000e +020.200000000e * 010.100000000e + 010.200000000e +010.1 t C 000000e+ 01
0.100C0 000 0 e + 010.66 250 0000e + 010. 20 0000001 e + 0 CO .15 P' 107 E E e -02 0. e+0C
0.34 999 999 + e + 000. 7999 999 82 e-01 C . e+0CO. e+000. e+0C
0. e+000. e+0CO. e+0CO. e + 000. 4 e 9 99 99 70e-01
0.6 3 999 9e P e e + 0 00. e+000. e+0CO. e+000. e+0C
0. e+000. e+000. e+0CC. e+000. e+0C
0. e*000. e+000. e+000. e+000. e+0C
0. e+000. e*000. e*0CC. e*000. e+0C
0. e+000. e+000. e+000. e+000. e*00
0. e+0CO. e+000. e*000. e+000. e+0C
0. e+000. e+000. e+000. e+00
0. 20000 0000e + 010. 299999982e * 000. 300000000e + 050.17000 C000? +04 0.120000000e + 03
0.4 5500 0000e + 020.510000000e + 020. 9999999 32 e + 200.199099996e- 010.4 9 99999 70e-01
0.12 0000000 e * 020. 200000000e + 010. e + 000.20000 C000e +010. 2 00000000e + 01
0.10000 0000e + 010. 662500000e+ 010. 2P C 0000 Cl e+ 0 CO .158? 107 P re -020. e+0C
0.3 4 99 9 90 9 4 e + 0 00.799 99 9 982e -010. e*000. e*000. e+0C
0. e+000. e+000. e+0CO. e + 000.499999970e-01
0.6 3 999 99 F f e +0 00. e+0C0. e+0CO. e+000. e+0C
0. e+000. e+000. e+0CC. e+000. e*00
0. e+000. e+000. e+0CO. e*000. e*0C
0. e+000. e+000 e+0CC. e+000. e+00
C. e*000. e+000. e+0CO. e+000. e+0C
0. e+0CO. e+000. e+000. e*000. e+0C
0. e*000. e+0CO. e+000. e+00
0.200000000e+010. e+000.100000005e-020.499099970e-010.200000000e+04
0.200000000e + 030.100000000e + 070. 999999932 e + 200.19909998 E e + 000 .19 9999 9 88e + 0 C
0.19 999 99e Pe +0 00. e+000, e+0CO. e+000. e+0C
0. e+000. e+000. e*000. e+000. e+0C
0. e*0CO. e+000. e+000. e+000. e+0C
0. e+000. e+000. e+0CO. e+000. e+0C
0. e*000. e+ 00 0. e+000. e*000. e+0C

1

l
i
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Table 2.1.9 (cont'd)

0. e+000. e+000. e+000. e + 000. e+00
0. e+000. e+000. e+0CC. e + 00 0. e+00
0. e+000. e+000. e+000. e+000. e+0C
0. e+000. e+000. e+0CO. e+000. e+00C. e+000. e+000. e+000. e+000. e*0C
0. e+000. e+000. e+000. e*00
elem te

2 1 1 0.
1 0 0 0 6 3 0 1 0 1

0.375000 C00e + 020. 260000000e + 020. e+000. e+000. e+0C
0. e+000.200000005e-02

3 5 1 1.00
1 0 0 0 1 2 1 0 1 1 0 1

.100000000e+010. e+000. e+000. e+00
2 0 0 0 2 3 1 0 1 0 1 1

0.90000 0095e + 010.180000000e +020. e+000. e + 00
3 0 0 0 3 4 1 0 1 0 1 1

0.900C 0 009 5e +010.180000000 e +020. . e+000. e+00
4 C 0 0 4 5 2 C : 1 0 1

0.90000 0000e +010. 280000000e + 020. e+000. e*00
5 C 0 0 5 6 1 0 1 1 0 1

0.24 0000000e* 020.280000000e + 020. e+000. e * 00

nord cpto
prof
end
fini
mode
tree ealn
fini
abut
new ma in
pmas,7

2C 0.1P!75e-14 0.le575e-14 0.19575e-14 0. e+00 C. e * 00 0. e+C000
20 0.25684e-14 0.25684e-14 0.25684e-14 0. e+00 C. e+CC 0. e+ 0000
3C 0.14217e-14 0.14217e-14 0.14217e-14 0. e*C0 C. e+00 0. e+C000
4C 0.22588e-14 0.2258ee-14 0.2258ee-14 0. e+00 C. e+ 00 0. e+0000
50 0.2c411e-14 0.29411e-14 0.29411e-14 0. e+00 C. e+ C0 C. e+0000
6C 0.1?932e-14 0.1393?e-14 0.13932e-14 0. e + 00 C . e*00 C. e+0000
6C 0. e+00 0. e+00 0. e+00 0. e+00 C. e* C0 0. e+C000and

fini
ptre
newr .r ecl o pslr 2.100
( 2el f. 7 )

O. e+00 0. e+00
0.1000000e+05 0.1000000e+02

fini
t hou.217

2 65 3 1 0 0
ndyn

i mass
'

dylo el e l
rect 2 0. 1.000 1
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Table 2.1.9 (cont'd)

i tlooers1t.1.0.1000e+01
| auto defl

I nt e .n e we ,0.5 0 00e-01,0.e +0 0,0.e+ 00.0.10 00e-0 3
stif
s t i f ,up da
k inr .12
e 1e r .1,2,6. 3

kinre!
loop,50
ser o ,1 t se
step
unba
auto,Init
loop 20
stlf
auto, load
load
disp
kinr.10
eter.9.10
auto eerr.0.1000e-09.0.1000e*11
If,3,3elel
entr ol
auto.f act
kinre!
If,3,2,2,3
entr.2
e t er .1
cont
goto.0
entr 3
auto ester 0.4900e-01.0.5100e-01.0.5000e+00.0.2000e*01
If,4,5,5.4
entr.4
Inte.neuresauto,0.e+00,0.e+00,0.e*00,0.1000e=03
entre?
Ife3,t,6.7
entr,6
kinr,12
eiere?,2,6
k inr e!
stif elnIt
gotoer
entre 7
chou
e ler .1,2,4,6,11
kinr,4,9,11
mrou
ser o .1 r sb
unta
suem
eler 3
kinr e?
stifoupda
aut o ,t a l t ,0.10 00e + 02
If e5,F .8.0

entr F ,

I

cent
fini
step
DATA 0101

41
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. D2.2 PIPE WITH U-BAR RESTRAINT
|

|
i

D2.2.1 PURPOSE
This example tests the PIPE and UBAR elements, by comparison with test results and

previously reported analysis results. Analyses are carried out both with and without strain rate
effects.

D2.2.2 DESCRIPTION
Analyses and tests of nmple pipe whip configurations have been reported by Esswein et at

[2.2.11. An analysis of one of the two configurations has been reported by Hibbitt and Karlsson
12.2.2]. The dimensions are shown in Fig. 2.2.1.

The following static material properties were reported in [2.2.1] for the pipe steel.

30000 e for a < 18.6 (2.2.la)o -

Gl .8 e" 2 for a > 18.6 (2.2.l b)7 -

where a - stress (ksi) and e - strain. For the analyses in both [2.2.1) and [2.2.21, th-
strength was increased by 50% to account for strain rate effects. The equations given in (2.2.1,
are inconsistent in this respect. For the analysis in [2.2.2], the following consistent equations
were used:

a - 30000 e for a < 31.02 (2.2.2a)

(1.5 x 81.8) e"2 for a > 31.02 (2.2.2b)o-

The following static force-extension relationship was reported in [2.2.11 for the U bar res-
traint:

F - 681.4 A for a < 0.005 (2.2.3a)

F - 11.79 A"2" for a > 0.005 (2.2.3b)

where f = restraint force (k) and A = extension (in.). For the analyses in 12.2.11 and [2.2.2],
the strength was increased by 10% to account for strain rate effects. The following relationships
were used:

T - 1.1 x 681.4 A for A < 0.005 (2.2.4a)

f - (1.1 x 11.79) A"2" for a > 0.005 (2.2.4b)

For the analyses in 12.2.11 and 12.2.21, the inertia of the vertical leg was lumped at the
elbow. This was not done fo* the WIPS analysis. Note that the rupture disc assembly weighted
210 lbs. This is a large proportion of the total weight and exerts a substantial influence on the
response. The element subdivision for the WIPS analysis is shown in Fig. 2.2.2. The blow-
down forcing function is shown in Table 2.2.1.

D2.2.3 PROPERTIES FOR WIPS ANALYSIS
The PIPE element with 12 subelements in the cross section was used to model the pipe,

and a UBAR element to model the U-bar. Small displacements were assumed. The internal
pressure in the pipe was assumed to be zero (i.e. internal pressure effects on pipe strength were
ignored).

Analyses with the following material properties were carried out.

Case 1: Multilinear representations of the pipe steel and U bar properties as shown in
Tables 2.2.2 and 2.2.4. These correspond to the properties defmed by Eqns.
2.2.1 and 2.2.3, with no allowance for strain rate effects.
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1

Case 2: Pipe steel and U bar properties as shown in Tables 2.2.3 and 2.2.5. These
correspond to the properties defined by Eqns. 2.2.2 and 2.2.4.

Case 3: Pipe and U-bar properties as for Case 1, plus trilinear representations of strain-

! rate efects as shown in Table 2.2.6. This strain rate data was used directly for
the pipe steel. The data was converted to force extension data for the U-bar,

2assuming a bar area of 0.22 in (0.375 in. dia. bars) and an effective bar length
of 9.7 in. The resulting effect is shown in Table 2.2.7. Note that these are

. assumptions for analysis purposes and do not necessarily represent the true
| strain rate behavior of the pipe and U bar materials. The data in Table 2.2.6 is
| based on data for icw carbon steel reported by Manjoine 12.2.3].

D2.2.4 WIPS INPUT DATA
. Table 2.2.8 is the WIPSLOG listing for specification of the system geometry. Table 2.2.9

is the WIPSLOG listing for specification of the pipe and U bar properties and the blowdown
force record. Tables 2.2.10 and 2.2.11 are the WIPSLOG listings for the MODL and DATA
phases for all three cases. Table 2.2.12 is the DATA Ale listing for Case 3. The DATA files
for Cases I and 2 were the same as for Case 3, except for Columas 31-35 of the element cards.

D2.2.5 RESULTS

D2.2.5.1 General-

i Key results are summarized in Table 2.2.13. Time histories of computed restraint forces
are shown in Figs. 2.2.3 through 2.2.5 for each of Cases 1,2, and 3. The experimental values
reported in 12.2.1] are also shown. In Fig. 2.2.4 the analysis results reported in (2.2.2] are
shown. The results for all three cases are superimposed in Fig. 2.2.6 for comparison.

The analyses for Figs. 2.2.3 through 2.2.5 were carried out using the Newmark step-by-
step option, with #/Ar,, = 0.1 and Ar,, - 0.0002 sec. An analysis was also carried out for Case
2 using the HHT option, with a -0.05. The results are shown in Fig. 2.2.7. These results
are very close to those in Fig. 2.2.4.i

!
D2.2.5.2 Discussion

|

| The computed results for Cases I, 2, and 3 diser significantly. The restraint force for
Case 3 (with strain rate effects) is larger than the experimental value, and the corresponding
restraint extension is smaller. This indicates that the assumed relationship between extension
rate and strength increase is not correct. The agreement with experiment is closest for Case 2.
This is not surprising since the 1.1 factor used in this analysis was probably chosen to match the
experimental results.

The time to gap closure is virtually the same for all analyses. This suggests that the
motion before gap closure is governed mainly by the inertia of the pipe and that the pipe
strength has little effect.

The results for Case 2 using the Newmark and HHT step-by-step schemes were virtually
identical. These results were very close to those reported in 12.2.2) up to unloading of the res-

| traint, but the computed rebound behavior was significantly different.

For interest, the number of time steps required for each analysis is shown in Table 2.2.13.I

| The upper midstep error tolerance in all cases was 14% of the initial jet force (7.2 k). The
lower tolerance was one Afth of the upper tolerance.

D2.2.6 CONCLUSION

This example shows that close agreement with experiment can be obtained, provided
appropriate assumptions are made for the stiffness and strength properties of the pipe and res-
traint.
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TABLE 2.2.1 - BLOWDOWN FORCING FUNCTION
Time (sec) Force (k)

0.00001 7.200

0.00045 7.200

0.00046 7.272

0.02910 7.272

0.02920 7.920

0.10000 7.920

|

TABLE 2.2.2 TRILINEAR REPRESENTATION OF PIPE STEEL
PROPERTIES FROM EQN. 2.2.1

Stress (ksi) Strain Modulus (ksi)

0 0 30000

19.0 .00063 2406

28.0 .00437 421

TABLE 2.2.3 TRlLINEAR REPRESENTATION OF PIPE STEEL
PROPERTIES FROM EQN. 2.2.2

Stress (ksi) Strain Modulus (ksi)

0 0 30000

I
31.0 .00103 2607

45.0 00640 533

|

i

!
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TABLE 2.2.4 - MULTILINEAR REPRESENTATION OF U-BAR
PROPERTIES FROM EQN. 2.2.3

Force (k) Extension (in) StiKness (k/ int

|
0 0 681.39

5.50 0.0081 13.43

8.75 0.2500 5.00

11.25 0.7500 2.10

14.20 2.1500 1.00

,

N

TABLE 2.2.5 - MULTILINEAR REPRESENTATION OF U BAR
PROPERTIES FROM EQN. 2.2.4

Force (k) Extension (in) StiKness (k/in)

0 0 750.0

6.05 0.0081 14.80

9.63 0.2500 5.50

12.38 0.7500 2.31 .s

15,62 2.1500 1.00

<

,

i

!

l
,
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TABLE 2.2.6 - ASSUMED STRAIN RATE EFFECT FOR PIPE STEEL
TRILINEAR REPRESENTATION

Stress Increase (ksi) - Strain Rate (sec-') StirTness (ksi.sec)

0 0 25.00

9.00 0.36 2.20

18.00 4.44 0.44

TABLE 2.2.7 - ASSUMED STRAIN RATE EFFECT FOR U BAR
TRILINEAR REPRESENTATION

Force Increase (k) Extension Rate (in/sec) Stiffness (k.sec/in)

0 0 0.566

1.98 3.50 0.050

3.96 43.07 0.010

i

.
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TABLE 2.2.8 - WIPSLOG LISTING. GE0M PHASE.

EXEC - WIPS EXECUTIVE
j Creating problem no.1
' Probles descriptions DECC-Essmeln

MEXT WIPS-EXEC COMMAND 8 geos

GECM - SPECIFICATION OF SYSTEP CEOMETRY

Define units
Le ngth (f te lnes eps) * In4

Force (kelbekgf,kN) .k

Specify new GEOM data

STARY RON NC. 1
Enter c.p. data in sequence along run

c.p. name and type 8 1
cocrd option 8 di
meyet t
any changes? *

c.p. name and type t 3
no. cf extra nodes 1
cocrd option I
c.p. , dmedyedz e30
cffset point defaults to preceding c.p.
Any changes? *

c.p. name and type t 8
no. of extra nodes t 4
cocrd option a
c.p. , da edy ed: * e60
of f set point def aults tc preceding c.p.
Any changes? I

c.p. name and type t 9
no. of entra nodes I
cocrd option I
c.p., daedyed ,7

cffset point defaults te precedIn3 c.p.
Any changes? I

c.p. name and type i 10
no. of estra ncdes
cocrd option t
c.p. , da e dy ed: I ee3.75

cf fset point default s tc preceding c.p.
Any changes? 8

|

| c.p. name and type i 11
I no . c f e x t r a node s t'

cocrd option
c.p.e dmedyed: I ee6

i ef f set point def ault s te preceding c.p.
Any changes? I

55
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Table 2.2.8 (cont'd)

c.p. naos and type 12 '

no. of estra nodes t
coord option 8
c.p., daedyed: 8 ee9
of f set point def ault s te preceding c.p.
Any changes? 8

c.p. name and type *
Last c.p. In this run? I y
Display CEOM data for this rur? *y

GEDM DATA F04 RUN

run c.p. c.p. bend stra coord c.p. c.p.7 coordinate data
no. name type radius neds opt I J 7 x,da p yedy reda

1
1 O dl 0. C. C.
3 1 of 1 30.000 0. C.
8 4 of 3 60.000 0. O.
9 0 of 8 7.000 0. C.
10 0 of 9 0. 3.750 0.
11 0 of 10 0. 6.000 0.
12 0 of 11 0. 9.000 0.

END CF DA1A

START RUN NC. 2
Ente r c.p. data in sequence along run

c.p. name and type *
; Last run? y

DIspisy new GEOM data? 8
Write In session log? t .

Modify CEDM data? *

Save current GEOM data? * y

i
Comment for file catalog a

t GECM DATA 5AVED. FILE NAME = GEOM 0101
i

Produce C00R data? 8 y

Display CCOR data? I y

CDOR OATA

i run c.p. c.p. bend mode x y ? 2
,

no. name type radius no. coor d coord? coord
|

l 1
1 1 0. O. O.'

2 15.000 0. O.
3 3 30.000 0. O.
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Table 2.2.8 (cont'd)

4 42.000 0. O.
5 54.000 C. O.
6 66.000 0. O.
7 78.000 0. O.

8 O 90.000 0. O.
9 9 97.000 0. O.
10 10 97.000 3.750 0.

Mit RETURh for scre
11 11 97.000 9.750 0.
12 12 97.000 18.750 0.

ENC CF DATA

Plot geometry?

Modi fy CEDM data? 8

DATA CCMPLE1E FDR THIS SESSIDN
Save final CEOM data? I y
Cossent for file catalog * Esswein discretization,
GECM OATA SAVED. FILE NAME = GEOP0101
Save COOR data? I y
Coement fcr file catalog : Esswein discretization.
COCR DATA SAVED. FILE NAME = C30R0101

End of this GEOM session

EXEC - WIPS EXECUTIVE

MEXT W IPS-E XEC COMMAND t quit

........................................................................

I

,
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TABLE 2.2.9 - WIPSLOG LISTING. MATL, PIPE, UBAR AND FREC PHASES.

i
'

EXEC - NIPS EXECUTIVE
j

NEXT WIPS-EXEC COMMAND t satl

MAIL - SPECIFICATIDN OF MATERI AL PROPERTIES

Define units
Le ngth (f t.Ines.am) : In
Force (k.Ib kgfekN) I k

Start new M ATL f ile

Specify a new property set? I y

SET NO. = 1
Property set descripticn Trilinear, no strain rate.

Static modell teln=2. san =5)
30000 2406 421

Tleld strengths (no. cf modell minus 1)
:-19 2e *

St rain rate stif f nesses (min =0. man =3)
I

ho strain rate effect
Ose default tolerances 7 * y
Polsson ratio (df1t .3) t=

be lght density (df1t= steel) *

Any errors? f

This set added to MATL file

Specify a new property set? * y

SE1 NO. = 2
Property set description TrIIInear sith strain rate.

Static modull (min =2. san =5)
: 30000 2406 421

Tield strengths (no. cf modell minus 1)
: 19 28

Strain rate stiffnesses teln=0. man =3)
* 25 2.2 .44

Strain rate IIsits Inc. of stif fnesses minus 1)
.36 4.44

Use default tolerances? * y
Poissen ratio (dfit .3) I=

be lght eensity (df1t= steel) *

Any errors? t

This set added to MATL flie

SpecIfy a new property set? I y

SET NO. = 3
Property set descripticn Trit ineer SOE increase.

|
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Table 2.2.9 (cont'd)

Static modell tein=2 ean=5)
* 30000 2607 533

yleid strengths (no. cf modell minus 1)
|* 31 45

Strain rate stiffnesses (=In=0 man =3)
I

ho strain rate effect
Use default tolerances? * y
poisson ratto (df1t = .3) *
be Ight eensity (df1t= steel) t

Any errors? t

This set added to MATL file
i

| Spec if y a new property set? 8

Mo. of property sets in NATL file = 3

' Olsplay property set descriptions? t
Write In session log? *

Olsplay new property set data? t
Write in session log? 8

Olsplay all property set data? * y
MAIL PROPERTY DATA

:|

i SET NO. 2. Tr IIInear e no strain rate.
Matt Data Sege Modulus or Stress /5 train
Type Type No. Coefficient Lis it
orcs

static 1 0.3000e+05 c.1900e+02
2 0.2406e+04 0.2800e+02

yld.tol.
.* 0.4210e+03

0.2000e-01
stif tol 0.5000e-01
rate tol 0.5000e-01
poisson 0.3000e+00
density 0.2840e-03

Mit RETURA for next set

SET NO. 2. Trlilneare mith strain rate.

'. Matt Data Sega Modulus or Stress / Strain
Type Type ko. Cot f f ic ient Limit
arcs

static 1 0.3000e+05 0.1900e+02
2 0.2406e+04 0.2000e+02
3 0.4210e+03

str. rate 1 0.2500e+02 0.3600e+00
2 0. 2200e +01 0.4440e+01
3 0.4400e*00

yld.tol. 9.2000e -01

t

| 60
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Table 2.2.9 (Cont'd)

stif tol 9 5000e-01
rate tol 0.5000e-01
poisson 0.3000e+00
density 0.2840e-03

Mit RETURN for next se t

SE1 No. 3. Trillneare 505 lacrease.

Matt Data Sege Modulus or Stress / Strain |

Type Type be. Coef f icie nt Limit '

arez i

static 1 0. 3000e +05 0.3100e+02 |

2 0.2607e+04 0.4500e*02 |
3 0.5330e+03 1

71d.t01. 0.2000e-01
stif tol 0.5000e-01 7
rate tol 0.5000e-01
polsson 0.3000e+00
density 0.2840e-03

Mit REluRN for next set
END OF DAT A

Men PATL file created
Coement for file catalog 8 3 saterials

End this MAIL session? I y
,

EXEC - WIFS EXECUTIVE

NEXT WIPS-EXEC COMMAND I pipe

PIPE - SPECIFICATIDN OF PIPE FROPERTIES

Define units
Length iftelnes, mal : In
Force IkelbskgfekN) 8k

No. of MAIL property sets available = 3
Olsplay material descriptions? 8 y

MAIL PROPERTY DESCRIPTICNS
*Se t No. Type De scr ip t ion

1 mror Trillntar, ne strain rate.
2 arca Tritinear, alth strain rate.
3 oror Tr l18 near, 50% increase.

Star t new PIPE file

Spec if y a new property set? I y

SET NO. = 1
Property set description 8 4sch80, no strain rate.

Outside diameter 2 4.5
ball thickness t .337
We ight/ unit length Idf t tspipe melght) 8
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Table 2.2.9 (cont'd)

ho. of X-section element s (df t t=12) :
Materlat neeber I 1
Large ovalling (yes or no)? (df1t=no) 8

Use default owalling properties? 8 y *

|Any errors? t '

This set added to PIPE file
Spec if y a new property se't? * y

SE1 h0. = 2 j
Prcperty set descripticn 4sch80, with strain rate

iDuts ide diame ter I 4.5 '

hall thickness t .331
he ight/ unit length idf1t=p Ipe weight) I
ho. of X-section elements (dfIt=12)
Material neeber i 2
Large ovelling (yes or no)? (dfttono) :

Use default evalling preperties? I y

i Any errors? *

This set added to PIPE flie

Specify a new property set? * y

SET NO. = 3
Property set descriptien 8 4sch80, 50% strength increase.

Ou t s ide d laae ter t 4.5
ball thickness t .331
he Ight/ unit length idf1t= pipe welght) I
ho. of A-section elements (cftt=12) :
Material number 3
Large ovalling (yes er mol? Idf1tano)

Use default evalling prcperties? 8 y

Any error s? *

This set added to PIPE file

Specif y a new property set? *

No. o,f prcperty sets In PIPE file = 3

Olsplay property set descriptions? I y

PIPE PRDPERTY DESCRIPTICNS
Se t No. Description

1 4sch80, no strain rate.
2 4sch80 with strain rate,

3 4sch80. 505 strength increase.i

Olsplay new property set data? 8
Write in session log? I

l
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Table 2.2.9 (cont'd)

i

Display all property set deta? 8 y

i FIPE PROPERTY DATA

SE1 NC. 1. 4sch80, no strain rate.

Cata Sega Modulus or Stress / Strain
Type ho. Data value Limic

Outside diameter 0.4500e+0!
Wall thickness 0. 33 70 e+ 00
Un it welght 0.1252e-02
ho. of elements 12
No. of slices 2

Stress v strain 1 0.3000e+05 0.1900e+02
2 0.2406e+04 0.2800e+02
3 0.4210e+03

Poisson ratio 0.3000e+00
Lar ge ovalling no
Ova 118mg ratios 1 0.4000e*00

2 0.5000e-01
Mit RE1UR A for next set

SE1 NO. 2. 4sch80, with strain rate

cata Sega Modulus or Stress / Strain
Type ho. Cata value Limit

Cuts ide diameter 0.4500e*01
Wall thickness 0.3370e+00
Un it weight 0 1252e-02
ho. of e l eme n t s 12
No. of slices 2
Stress v strain 1 0.3000e+05 0.3900e*02

2 0.2406e*04 0.2800e+02
3 0.4210e+03

Stress v strain rate 1 0.2500e+02 0.3600e*00'

2 0.2200e+01 0 4440e*01
2 0.2200e+0!

Poisson ratto 0.3000e+00
Large ovelling no
Ovalling ratios 1 0.4000e*00

2 0.5000e-01
Mit RETURh for next set

SET NO. 3. 4sch80, SOE strergth inc rea se .

Data Sega Modulus or Stress / Strain
Type no. Cata value Limit

Ou t s i de diame te r 0.4500e+0!
Wall thickness 0.3310e+00
Un it welght 0.1252e-02
No. of elements 12
No. of slices 2
Stress v strain 1 0.3000e+05 0.3100e +02
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Table 2.2.9 (cont'd)

2 0.2607e+04 e.4500e+o2
3 0.5330e+03

Poisson ratio 0.3000e+00
Large evalling no
Ovalling ratios 1 0.4000e+ 00

2 0.5000e-01
Mit RETURh for next set t

END CF DAla '

New Flee file created
Ceement for file catalog 8 3 sets.

4

End this p!PE session? I y

EEEC - WIPS EXECUT!WE

NEAT WIPS-EEEC COnMAND I ubar
|

USAR - SPECIFICATION OF U-SAR PROPERTIES

De f i ne un i t s
Length if tllnteles) In
Force IkelbekgfekN) Ik

Start new USAR file

Specify a new property set? I y
,

SET #0. * 1
ij Property set description i S teasentse no strain rate.

Stat ic stif fnesses (min.2esam.6)
* 6E1 39 13.43 5 2 1 1

i Stat ic strengths Ino. of stif fne sses minus 11
'

8 S.S 8.75 11 2S 24 2
Entension rate Stlffnesses loin.0esan=3)

8

No eatension rate effect
Default gap clearance t
ese error - must be positive
Def ault gap clearance t 3.18i

| Use default tolerances? I y
Any errors? 8

This set added to JOAR file

Specify a new property set? t y

SET WC. = 2
Property set description i 5 segeentse with strain rate.
Stat ic stif fnesses loin.2 sam *6)

681.39 13.43 S 2 1 1
Static stren2ths Ino. of stiffnesses minus Il

9.5 8.75 31 25 14.2
Estension rate Stif fnesses (ele =0 ean=3)
t .566 .05 01
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Table 2.2.9 (cont'd)

Strength 12 mitt ino. of s t if f ne s se s minus 1)
1.98 3.96

Def ault gap clearance 3.18
Use default tolerances? I y

Any errors? 8

This set added to USAR *lle

Spec if y a new proper ty se t? * y

SE1 h0. a 3
property set description 5 segeentse 105 increase.
Stat ic st if fnes ses Isin.2.eam.6)

| 875014.05.52.311
Stat ic strengths Ino. of stif fnesses minus Il

8 6.C5 5.63 12.34 15.42
Ente nsion rate Stlf fnesses (ein.0, mas.31

No eatension rate effect
Def ault gap clearance 3.18
Use default tolerances? y

i

Any error s? *

; This set added to USAR file

Specif y a new property set? t

No. of property sets In USAR file = 3

Display property set descriptions? I y

USAR PROPERTY DESCRIPTIONS
i

~
Se t No. De scr ip t ion

1 5 segments, no strain rate.
2 5 segments, with strain rate.
3 5 segments e 101 Increase..

Display new property set deta? 8,

i Nrite in session log? 8

Display all property set detal t y
USAR PROPERTY OATA

! SE1 h0. 1. 5 segment s, no strain rate.
1

Data Sege Stiffness or Force
Type Mc. Coefficient Limit

Static properties 1 0.6014e +0 3 0.5500e+01
2 0.134 3e* 02 0.0750e*01
3 0.5000e +01 0.1125e*02
4 0.2100e *01 0.1420e+02
9 0.1900e+01
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1

Table 2.2.9(cont'd)

1

Default gap 9.3180e +01 .

Stif fness toi. 0.5000e =01
Dwershoot toi. 0.2000e+00
Unicading tol. 0.2000e +00

i N l t RE TURh f or mest se t

SE1 NC. 2. 5 segments with strain rate.

Data So gn Stif fness or Force
Type Mc. Coef ficien t Limit

,

Static properties 1 0.6814e +0 3 0 5500e+01
2 0.134 3e +02 0.8750e*01
3 0.5000e+01 0.1125e+02
4 0.2100e+01 0.1420e+02
5 0.1000e +01

: Rate effect 1 0.5660e +0 0 0.1990e+01
] 2 0.5000e-01 0.3960e+01

3 0.1000e-01
Default gap 0.3180e +01
Stiff ness tol. e.5000e-01
Dwershoot 101. 0.2000e +00
Unloading t01. 0.2000e+ 0 0,

Mit RETURh for nemt set
! SE1 NC. 3. 5 sognerits 1D% increase.

Data Se ge St l f f ne ss or Force
Type Mc. Coefficient Limit

1

Static properties 1 0.7500e +0 3 0.6050e+01,
'

2 0.1480e +0 2 0.9630e+01
i 3 0.5500e+01 0.1238e+02

4 0.2310e +01 0.1562e+02
S 0.1000e +01

Cefault gap 0.3180e +01
Stlffness to1. 0.5000e-01
Overshoot to1. 0.2000e+00

: Unloading tol. 0.2000e+00
Hlt REtuRh for next set
ENO CF DA TA

Nem USAR file created .

Ceement for flie catalog 8 3 sets.

End this USAR Dession? 8 y

EXEC - WIP$ EXECUTIVE

NEIT WIP$aEEEC CONNANO 8 frec

FRtc - SPECIFT OfMANIC FCRCE RECDRCS
1

Def i ne uni t s
Length lf telneo amt 8 in
Force Ik ItekgfekN) 8k
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Table 2.2.9 (Cont'd)

1

5 tar t new FREC file

|
Specify a new record 7 y

AECORD MO. 1

Secord name 14 characters) I rec 1
Description leax. 40 char.) DECD/EssweIn

Enter Tlse-Force pairs
First pair automatically set to 0.0

Pa tr no. 2* .00001 7.2
Pair no. 33 .00045 7.2
Pa tr no. 4 8 .00046 7.212
Pair no. S .02910 7.272
Pa tr no. 6* .02920 7 920
Pa ir no. 7 * .10000 7.920
Pe tr no. 8 *

Last pair? * y
any errors 7

Specify a new record 7 :

Display any records 7 :

Wr ite records In session 1097 *
End this FREC session? I y
Mem FREC file created
Consent for file catalog 3 1 record

EXEC - WIPS EXECUTIVE

NEIT hlPS-EXEC COMMAND I quit

....... .... .............. ...... ... ............................

I

|

|

<
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TABLE 2.2.10 - WIPSLOG LISTING. MODL PHASE.

EIEC - WIps EXECUTIVE

MEIT NIPS-EXEC COnNAND t wedl

M00L - SPECIFICATION OF ANALY!!S MODEL

| Define units
:

Length ift.In.e.am) * In
Force (k.IbekgfekN) I kj

.

Sequence no. of COOR file : 1

Available element property sets
Type No. of Sets
pipe 3
ub ar 3

Available substructure property sets
ho ne

DEFINE MODEL IN SEGNENTS

SECNCNT NC. 1

pipe run no. I 1
Firs t c.p. of segeent i 1
Full 30 motion 7 I
Displacement plane (xy.yz cr ax) my

Any substructures in this sessent? 8
Soundary condition code f er first c.p. I 111111

Specify c.p.name + eles type 4 optional data
It 8 pipe pral theno
28 8 ubar prol dy=1
3 12 pipe
48 12. . l ue= = .21
St

End cf segment? I y
Olsplay coesands for this tegeant? I y

M00L CDMNAND TABLE

SECNENT NO. 1. Run No. . I
c.p. eles optn data optn data optn data

1
bcon 111111

8 pipe
prop 1
loct * Idis no this no
afac 1.C000

0 ubar
prop 1
Idis no this */e s

*

dylj 1.C000

prop 1

3
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Table 2.2.10 (cont'd)

lec t + Idis no this yes
afac 1.0000

Hit RETURN for more
12

lumw C.2100
Any changes 7 t

SEGMENT NO. 2

Pipe run no. *
Last segment? * y

Any external substructures 7

Display commands for all segments? 8
Write in session log? *

Produce MCOL file? y
Walt while data is processed

Specif y Initlei velocities 7 :
Comment for file catalcg * Case 1. Ne strain rate.

MOCL file saved. File name = M3DLO101
End cf this 93DL session

EXEC - WIPS EXECUT!vE

MEXT WIPS-EXEC COMMAND 8 ocd)

| MOOL - SPECIFICATION OF AhALY$15 MODEL

; Define units
! Length if t eln o.mm) * In

Force (kelbekgf ekN! I k

Sequence no. of C00R file 1

Avallable element property sets
type No. of Set s
pipe 3
ubar 3

Available substructure property sets
| Kone

.

DEFIhE MOCEL IN SEGMENTS

SECMENT NC. 1

Pipe run no. * 1
Firs t c.p. of segment 1

Full 30 motion 7 8
DIspfacement plane (xyeys or ax) * sy
Any substructuras in this se2sent? 8
Boundary condition code fcr first c.p. t 111111
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Table 2.2.10 (cont'd)

Spec if y c.p.nene + etee type * optional data
18 8 pipe pr=3 theno
28 8 ubar pr=3

ese error - direction nct eefined - use SJnod' or 'delj'
28 8 ubar pr=3 dy=1

,

; 38 12 pipe
48 12, lus.21
St

End of segeent? I y
Olsplay coesands for this segsent? I y

,

MOCL CDPMAND TA8LE

SECMENT NC. 1. Run No. = 1
c.p. eles optn data optn data optn data
1

bcon 111111
8 pipe

prop 3
loci + Idts no this no
mfac 1.0000

8 ubar
prop 3
Idis no this yes
dylj 1.0C00

12 pipe
prop 3
loci * Idis no this yes
wfac 1.CC00

Mit RETURh for more
12

luew 0.2100
Any changes? I

SECMENT NC. 2
,

Pipe run no. 8
Last segment? t y

Any enternal substructures? I

! Olsplay consands for all segments? 8
Write in se ssion log? 8

Produce MCOL file? 8 y
Walt while data is processed

Specif y initlet velocities ? 8
Coement fcr file catalog * Case 2. 904/105 lacreases.

i

MCCL file saved. File nace = p3DL0102
End of this M30L session

EXEC - WIp5 EXECUTIVE
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Table 2.2.10 (cont'd)

i

NEAT utPS-EREC CDuMaND 3 eod)

MOOL - SPECIFICATIDN OF ANAL 7115 N00EL

Define units
Length (f t elnes.mm) I in
Force Ik elb ekgf.kN) Ik

Sequence no. of CDOR flie : 1

Available element property sets
type No. of Sets
pipe 3
ubar 3

Available substructure property sets
hone

DEFINE MDCEL IN SECMENTS

SEGMENT NC. I

pipe run no. I 1
F ir s t c.p. of segment i 1
Full 30 motion ? 8
Olsplacement plane (xy.ya or an) I my
Any substructures in this segeent? I
toundary condition code fer first c.p. I 111111
Spec if y c.p.name + elen type 4 optional data
It e pipe pre 2 theno
28 8 ubar pre 2 dy=1
38 12 pipe

, 48 12,elue.21
* St

End of segment? I y
Olsplay coseands for this segeant? I y

{ ROOL COMM AND I ABLE

SECMENT NC. 1. Run No. = 1
c.p. eles optn data optn data optn data
1

bcon 111111
e pipe

prop 2
loci e Idis no this no

! mfac 1.0000
8 ubar

prop 2
Idis no this yes
dylj 1.C000

| prop 2
i loci e Idis no this yes

afac 3.0000

|

.
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Table 2.2.10 (cont'd)

Mit RETURh for more
32

lueu 0.2100
Any changes? 8

SEGMENT NO. 2

| Pipe run no. t
Last segment? 8 y'

Any enternal substructures? 8

Olsplay commands for all sessents? 8
Write in session log? 8

Produce MCOL file? 8 y
Walt thlle data is processed

Specify Initial velocities ? i
Comment for file catalcg : Case 3. With strain rate.

MOCL flie saved. File name = MOOLO103
End of this MODL session

'

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC COMMAND t quit

.................. ...................... ............................

,

I

4

e

i

I

i
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TABLE 2.2.11 - WIPSLOG LISTING. DATA PHASE.

|

| EXEC - WIP5 EXECU11VE
,

i

| NEXT WIPS-EXEC COMMAND 8 data

D AT A - SE T UP WIPS-AN AL INPUT D AT Ai

Sequence no. of MOOL file : 1

Probles description 14 Ilnes)
Line 1 DECO /Esswein Case 1. GNP 1/82
Line 2 :
Line 3
Line 4

,

Set up PAUSE files at end of analysis ?
Walt while files are processec

i Speelfy data for each leaded point
LOAD NO. 1

Force record neee a rect
heet of leaded c.p. I 12
Force direction (meyer or fc11owerl y
Scale f actor (*.- controls cirection) 8 -0 .5
flee delay (sec) (dftt=0)

LOAD NO. 2
Force reccrd name *

Last load? I y

flee steps : Initial * eam * sin 8 .C002 00 4 .00004
Man steps * man total time 400 .08
Error tolerances t upper * lo or 8 .5 .1

i Results output Intervals
Mem. no. of steps 8 1
paz. time (sees.) 1

Integration scheme Inews er hilbildf ttanews) :,

Deep ing f actor Idfit=0.1) t
Facter for time step Increase Idf tt=2.0)
Factor for time step decrease Idf tt=0.5) *

1

; M an . unbal. to reduce tine step Idf1teno llelt)
Man. unbal. to stop analysis Idf1teno llelt) t

i
D AT A file set cosplete
Coseent for flie catalog C a se 1.
WIPS-Ah AL DAT A FILE S SE1 UP. PARENT FILE NAME = OAT A0101

EXEC - Wips EXECUflVC

NE AT WIP$= EXEC COMMAND e data

DATA * SE1 De WIPS-AN AL INPUT D AT A

Sequence no. of MOOL file 2

i

,

15
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Table 2.2.11 (cont'd)

Probles description (4 Ilnes)
Line 1 : DECD/Esswein Case 2. GHP 7/82
Line 2 :
Line 3 :

l
Line 4 : '

|Set up PAUSE files at end of analysis ? : '

Walt while files are processec

Spec if y data for each Icaded point,
'

LDAD NC. 1

Force record name a rec 1
haee of Icated c.p. t 12
Force direction (aeyez or fcilemer) 8 y
Scale f actor (4.- contrcls directicn) .5
flee delay (sec) (df1t=0) :

LOAD NO. 2
Force record name

Last 1 cad? I y

Tlee steps : Initial * eam + sin * .0002 .004 .00004
Man steps * eam total time t 300 .08
Error tolerances t upper * Iceer * .5 .1

Results output intervals
Mem. no. of steps 1

Paz. time (secs.) 1
i Integration scheme (near or hilb)(df1t=newm) *
'

camp ing f actor (df f t=0.1)
Facter for time step Increase (df1t=2.0) *

| Facter for time step decrease Idf1t=0.5) :
! Mem. unbal. to reduce time step (df t t=no llelt) 8

{ Man. unbal. to stop analysls (dflt=no llelt) 8

OA1A file set complete
Coseent for file cataleg * Ca se 2.

WIPS=AN AL D AT A F ILE S SE T OP. PARENT FILE NAME = OAT A0102

EXEC - WIPS EXECUf!VE
j

MEIT WIPS-EXEC CCMnAND 8 data

DATA - SET UP WIPS-ANAL INPUT DATA

Sequence no. of MDOL file t 3

Probles description (4 lines)
Line 1 : DECD/E ssweIn Case 3. CHP 7/82
Line 2 :
Line 3 :
Line 4

! Set up PALSE flies at end of analysis ? :
Walt mhtte files are processee

1

i
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Table 2.2.11 (cont'd)

Specify dets for each loated point
LOAD NO. 1

Force record name rect
home of Icaded c.p. I 12
Force direction (meyer er f c11 ewer) y
Scale f acter (*.- controls cirection) * -0.5
11ae delay (sec) (df1t=0) :

LOAD NC. 2
Force record neue *

Last load? * y

Time steps * Initial + sam + sin ! .0002 .004 .00004
Man steps 4 nam total tire 300 .08,

i Error tolerances I upper * Ioner * .5 .1

!
Results output latervals

Mam. no. cf s teps 8 1
Man. time (secs.) 1

Integr ation schese (newe cr hllb)(dfltenewm) *
Deep ing f actor (dfit=0.1)
Factor for time step Increase (df1t=2.0) *
Facter for time step decrease (df1t=C.5) *
M an . unbal. to reduce time step (df1tano llelt) *
Man. unbal. to stop analysis (dfitano limit) t

DATA flie set complete
Coenent for file catalog Ca se 3.
WIPS- AN AL D AT A FILE S SE1 OP. PARENT FILE N AME = CA1 A0103

EREC = WIP5 EXECUTIVE

MERT WIP5= EXEC COMMAND 8 quit

........................................................................

I
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TABLE 2.2.12 - LISTING 0F DATA FILE FOR CASE 3

|

ECMC0103 SLOG 0103 R5L70103
store
8b u t
new.salnenentecart:0
substructure name . sain

refne13
1 C. e+00 0. e*00 C. e+00
2 0.150C000e*02 C. e+00 0. e+00
3 0.300 0000e +02 0. e+00 C. e+00
4 0.4200000e*02 0. e*00 C. e+00
5 0.540C000e*02 0. e+00 C. e+00
6 0.660C000e+02 0. e+00 f. e*00
7 0.7800000e +02 0. e+00 C. e+00
8 0.900C000e+02 0. e*00 C. e+00
9 0.910C000e+02 0. e*00 C. e+00

10 0.970C000e*02 0.375 C0 C0e* 01 C. e+00
11 0.970C000e+02 0.975000Ce*01 C. e+00
12 0.970C000e*02 0.18150CCe*02 C. e+00

9999
boun.13

1 111111
2 1110
3 1110
4 1110i

5 1110
6 1110
7 1110
8 1110
9 1110

10 1110
11 1110
12 1110

9999 131111
| enod,0

mat 1,6.64

0.200000000e+010.29999 9 98 2e + 0 C C. 3 0000C000e+ 050.240600000e +040.421000000e + 03
0.190 C00000e *020 . 28 00000 C 0 e * 02 C . 9999 99932 e * 200.19999 9996e- 010.499999970e- 01
0 12000C000e+020.2000000C0e*01C. e*000.200000000e+010.100000000e+01
0.100 C0 C 000 e +010.4500000 C 0 e * 01 C. 337000012e+ 000.125171524e-020. e+00
0. 399 999976e+ 0 C0. 499999 9 70 e = 01 C . e*000. e*000. e+0C
0. e+000. e*00C. e + 00 0. e+000.499999970e=01
0 199 99 9988e + 000. e+00C. e + 00 0. e+000. e+00
C. e*0C0. e+00C. e+ 00 0. e*000. e+0C
0. e*000. e+000. e + 00 0. e+000. e+0C
0. e*000. e*00C. e * 00 0. e+ 000. e+00
C. e*000. e*00C. e+000. e+000. e*00
0. e*000. e*00C. e+000. e+000. e+00
0. e+000. e+0CC. e*000. e+00
0 2 C 0 000 000 e + 010. 299 99 99 f 2e + 00 C . 3 0000 C 000e * 050. 240600000e + 040. 421000000e * 03
0 190000000e +020.200000 0 C 0e * 02 C. 9 999 99932 e+ 200.199999996e- 010.4999999 70e-01
0.120000000e*020.200000CC00+01C. e * 000. 200000000e +010.100000000e * 01
0.100000 000 e *010. 45 000 0 0 C 0e * 01 C . 3 31000012e + 000.125171524 e = 020. e+0C
0. 399 99 997ee + 0 00. 49 9999 910e-01 C . 3000 0C 000e * 010.250000 C00e + 020.220000005e + 01
0. 43999 9 99 8e * 000. 360000014 e + 00 C. 4 44 00 C 006e * 010.999999932e * 200. 499999910e -01
0 199 999988e * 000. e*00C. e + 000. e*000. e*0C
0. e*000. e*00C. e+000. e*000. e+0C
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Table 2.2.12 (cont'd)

O. e+000. e*00C. e+ 00 0. e+000. e+00
0. e+000. e*00C. e+000. e*000. e+0C
0. e*000. e*00C. e + 00 0. e+000. e+0C
0. e*0CO. e*00C. e + 00 0. e + 000. e+0C
0. e+000. e*00C. e+ 00 0. e*00
0. 200 000 000e * 010. 299999982 e * 00 C . 30000 C 000 e + 050. 26070 0000e + 040. 533000 000 e + 03
0. 310 C00000e * 020.4 5000 00C0e *0 2 C. 9 999 99 932e + 200.19999 9996e-010.4999999 70e-01 l

0.12000 C 00C e +020. 20000 00 C0 e * 01 C . e + 000. 200000000e + 010.100000000e + 01
0.100000000 e +010.45000 00 C 0 e +01 C . 3 37000012 e + 000.125171524 e-020. e+0C
0. 399 9999 76e + 0 00 . 49999997 0e-01 C . e+000. e+000. e*0C
0. e*000. e*0Cf. e + 00 0. e+000.499999970e-01
0.199 99 9988e +0 00. e+00C. e + 00 0. e+000. e+0C
0. e*000. e*0CC. e + 00 0. e+000. e*0C<

O. e*000. e*00C. e + 00 0. e+000. e+0C'

0. e+000. e*00C. e+000. e+000. e+0C
0. e+000. e*00C. e + 00 0. e+000. e*00
C. e*000. e*00C. e + 00 0. e*000. e+0C
0. e+0C0. e+00C. e + 000. e*00
0. 5 C 0 C0 C C00 e * 010. e+00C.31800C007e+010.499999970e-010.681390015e+03
0.134 30000 3 e * 020.50000 0 C C 0e + 01 C. 2 0999999 0e + 010.100000000e * 010. 550000 000 e + 01
0. 87500 C 00 Ce *010.1125000 C 0e * 02 C .1419 99 998e + 02 0.9999999 32 e + 200.19 9999 988 e * 00
0.19999 9988 e + 000 .199999 998 e * 0 C C . e*000. e*000. e+0C
O. e+000. e+00C. e + 00 0. e+000. e+00

.
O. e*000. e*00C. e + 00 0. e+000. e*00

' O. e*000. e*00C. e + 00 0. e+000. e+0C
0. e*000. e*0CC. e+000. e + 00 0. e*0C

'

O. e*000. e*00C. e + 00 0. e+000. e+0C
j 0. e*0C0. e*00C. e + 00 0. e*000. e+CC
' O. e+000. e+000. e+000. e+000. e*CC

0. e*0CO. e*000. e + 00 0. e+000. e+0C
0. e*000. e*00C. e + 00 0. e*00
0. 50000 C 000 e * 010. 3000000 C0 e * 01 C . 31800 C 007 e * 010. 99999 9 970 e -010. 681390015 e + 03
0.134 30 C 00 3e * 020.50000 00 C 0e * 01 C. 2099 99 990e * 010.100000000e * 010. 550000000 e+ 01
0. 8 75000000e * 010 .112 50 0 C C Ce * 02 C .141999998e + 020.999 99 9932e + 200.565999 9 05 e * 00
0. 5 C 0 CC 000 7e = 010 .999 999 9 75e - 02 C .198000002e + 010.396000004 e + 010.99 999993 2 e * 20
0.199 99 998 te * 000 .1999999 2 0 e + 00 C .1999 99988e + 000. e+C00. e+0C
0. e+000. e*0CC. e+ 00 0. e+000. e*00
C. e+000. e*00C. e + 000. e*000. e*0C
0. e+000. e*00C. e + 00 0. e+000. e+CC
0. e*0CO. e*00C. e+000. e+000. e+0C
0. e*000. e*00C. e+ 00 0. e*000. e*00
0. e*000. e*000. e + 000. e+000. e*00
0. e+000. e*00C. e + 000. e+000. e*00
0. e+000. e*00C. e* 00 0. e+00

: 0.5 C000 C 000e * 010. e * 00 C. 31000C 007e + 010. 49999 99 70e-010. 750000000e *03
0.144 000002e *020.5500000 C 0e + 010. 2309 99994e + 010.10000 0000e * 010. 605000019 e * 01
0. 96 3 C0 C 011 e * 010.123 DO C O C le *0 20.156199999e * 020.9999999 32e * 200.199999988 e * 0 C
0.199 999988 e+ 000.19999 9 900e * 0 C C.19000C 002e + 010. 396000004e + 010. 99 9999932 e + 20
0.199 99 9988e + 000.199999980e * 0 C C .199999968e + 000. e*000. e+00

I 0. e+000. e*0CC. e + 00 0. e+000. e+00
I 0. e+000. e+00C. e*000. e*000. e+0C

0. e*000. e*000. e*000. e*000. e*00
1 0. e+000. e*000. e*000. e+000. e*00

0. e*000. e*00C. e*000. e*000. e+0C
0. e+000 e+00C. e+000. e+000. e+00
C. e+000. e+00C. e+ 00 0. e+000. e*00

|
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Table 2.2.12 (cont'd)
.

1

0. e*000. e+000. e+000. e+00
eles.2

2 1 1 0.
3 0 0 0 8 5 0 1 0 1

0. 9C0 C C C C00 e * 020.10000 0 C C 0e + 01 C . e+000. a+000. e*00
0. e+0CO. e+00

3 11 1 3.00
1 0 0 0 1 2 2 0 0 1 0 1

,

O. e*000.1000000CQe*01C. e + 00 0. e*00
2 0 0 0 2 3 2 0 0 1 0 1

0.150C00000e+020.100000000e*010. e + 00 0. e+00
3 0 0 0 3 4 2 0 0 1 0 1

0. 300 C00 00 0e * 020.100000 000 e +01 C . e + 00 0. e+00
4 0 0 0 4 5 2 0 0 1 0 1 |

0. 4 20 C0 C 000 e * 020.1000000 C 0 e * 01 C . e + 00 0. e*00
5 0 0 0 5 6 2 0 0 1 0 1

0. 540 C00000e + 020.100000 000 e * 01 C . e+000. e*00
6 0 0 0 6 7 2 0 0 1 0 1

0. 660 C0 0000 e+ 020.1000000 C 0 e * 010. e+ 000. e+00
7 0 0 0 7 8 2 0 0 1 0 1

0. 780 C0 C 000 e * 020.100000000e * 01 C . e + 00 0. et00
8 0 0 0 8 9 2 0 1 1 0 1

0. 9C0 C00000e+ 020.100000000e * 01 C. e + 00 0. e+00
9 0 0 0 9 10 2 0 1 1 0 1

0 960C0CC00e*020. e*00C. e + 00 0. e*00
10 0 0 0 10 11 2 0 1 1 0 1

0.96000C000e*020.3750000CQe+01C. e * 00 0. e*00
11 0 0 0 11 12 2 0 1 1 0 1

,
0.96000CC00e+020.9750000C0e+010. e * 00 0. e*00

d nord.cpto
prof
end
fini
mode
trecessin
fini
abul
new. main
pass.14

10 0.12224e-04 0.12224e-04 0.12224e-04 0. e*00 0. e+00 0. e*0000
2 C C.24 449e-04 0.24 44 9e-04 0.24449e-04 0. e*00 0. e*00 0. e*0C00
30 0.22003e-04 0.22003e-04 0.22003e-04 0. e+00 0. e*00 0. e*0C00
4 C 0.19558e-04 0.1955 5e-04 0.19546e-04 0. **00 0. e+00 0. e*0C00

| SC 0.19559e-04 0.19558e-04 0.19590e-04 0. e*00 0. e+00 0. e*0000
6C 0.19559e-04 0.19550e*04 0.19550e-04 0. e*00 C. e* 00 0. e*0C00
7 0 0.19 558 e-04 0.195 50 e -04 0.195 5 De= 04 0. e*00 0. e*00 0. e*0000
to 0.9 7790e-05 0.97 790e-05 0.97790e=05 O. e*00 C. e+00 0. e+0C00
80 0.5 70 44e-05 0.57049e*05 0.57044e-05 O. e*00 C. e+00 0. e*0C00
9C 0.87604e-05 0 07604e-05 0.07604e-05 0. e+00 0. e+ 00 0. e*0000

10 C 0.79455e-05 0.794 55e-05 0. 794 55e-05 0. e*00 0. e+00 0. e*0000
11C 0.12224e=04 0.12224e-04 0 12224e-Og 0. e+00 0. e*00 0. e*0C00
12 C 0.7334 3e-05 0.73 34 3e-05 0.73343e-05 0. e+60 0. e*00 0. e*0000
12 C 0.27344e-03 0.27344e-03 0 27344e-03 0. e*00 0. e+00 0. e*0000

*end4

i
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Table 2.2.12 (cont'd)

fini
ptre
newrereclepair 7 100
(2e15.1)

9. e*00 0. e*00
0.7 200000e *01 0.10000CQe-04

;

0.120C000e*01 0.45000C0e-03
0.7 212000e *01 0.46000CQe-03
0.7272000e*01 0.29100CQe-01
0.192 0000e *01 0.29200C0e*01
0.1920000e*01 0.1000000e*00

fini
thew 241

2 119 3 1 0 0
ndyn

; sets
I dylcelel

rett 2 0. =0.SCO 1

12
tiscertitel.0.1000e*01
aute, deft

Inteene ee0.2000e-03.0.e*0Co0.e*0C.C.1000e*00,

i stif
stifoupda
kinr 12a

elorele2.6.3
kinre9
loope300
aerceltne
step1

unba
autoeinit
loop 20
stif
autoeload
food
disp

!klare10
elsre9.10

" outoenerre0.1000e*00e0.5CCCe*0C
Ife3.3elel
entrol
euteefect>

kinre!
19e3ete2e3 .

entret
eiere!
eont
pote e 0
entre 3
outo, stepe C.4000e-04.0 4000e-02.0.5000e*00 0.2000e*01
f f e 4. 9,5,4
entre 4
Inte.nemae o suto e0.e*00,0.e * 00 e t.e *00 0.1000e* 00
entre 9
Ife3.4.6.7

-'

|.
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Table 2.2.12(cont'd) |

|.
4 ,

i entr.4
ment.12'

eter.s.t.6
. mant.s '

stit. inst'

este.e
i entr.1

enev
| e t er . l .a .4.6. s t
. klar.4.9.11

er ov
eere.treb
unta
teen
e t er .1
klar.3e

stit.wesa
este.enit.o.cosoe et

4

j st s.o.a.o
; entr.e

sent'

i finI
stop'

i

!

|

1

,

!

i
a

.

!

!

!

f
'|

|
, i

|

|
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TABLE 2.2.13 SUMMARY OF RESULTS
Expt. Case I Case 2 Case 2 Case 2 Case 3,

12.2.11 (Newmark) (HHT) 12.2.21

(1) Time to Gap Clo. 27 27.7 27.8 27.9 28 27.7
sure (msec)

(2) Max. Restraint 2.94 3.34 2.69 2.69 2.7 2.08
Extension (in)

(3) Max. Restraint 16.3 15.3 16.2 16.2 16.4 17.0
Force (k)

(4) Number of time 126 124 166 111
steps (to 0.08 secs) . ,

4

i

!

,-

a

.,

i

!

|
|

a
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D2.3 PIPE WHIP ANALYSIS WITH LARGE DISPLACEMENT
|

D2.3.1. PURPOSE

This example tests the PIPE and GAPF elements, in part by comparison with previously
reported analysis results. No test results are available. Large displacements and strain rate
efects are considered for the PIPE elements, and the follower force option is exercised. The
GAPF element is tested with and without friction. The analysis is only two-dimensional, so
that full three-dimensional behavior is not checked.

D2.3.2 DESCRIPTION

Analyses of a cantilevered pipe with large displacements and impact have been reported
by Hibbitt and Karlsson 12.3.1]. The dimensions of the pipe are shown in Fig. 2.3.1. The tri-
linear stress-strain relationship used for the pipe steel is shown in Table 2.3.1 and the blow-
down force record in Table 2.3.2.

Gap-friction (GAPF) elements are located at nodes 16 through 19, with initial gaps
specified to represent a flat surface. Each GAPF element is arbitrarily assigned a stiKness of
10* k/in, which allows a small amount of flexibility after gap closure. In the analysis reported
in 12.3.1], the flat surface was assigned a very large mass, rather than an elastic stiffness.
Because impact of an actual pipe would involve substantial local deformation of the pipe, and
probably significant deformation of the impacted wall, the assumption of an essentially rigid
surface is not realistic, and the computed impact forces are likely to be much larger than those
which would occur in actual practice.

The analysis reported in 12.3.1] did not consider strain rate efects. Strain rate effects for
the WIPS analysis were assumed to be shown in Table 2.3.3, based on data for low carbon steel
reported by Manjoine [2.3.2].

The following WIPS analyses were performed:
(1) No strain rate efect, zero friction.
(2) With strain rate efect, friction coefficient - 0.4.

D2.3.3 WIPS ANALYSIS MODEL

D2.3.3.1 Geometry, Leading, and Pipe Properties

The PIPE element subdivision is shown in Fig. 2.3.1. This is similar to the subdivision
used in 12.3.1]. It may be noted that only a single element is used in the vertical leg between
nodes 19 and 20. This introduces a significant error in the rotational inertia of this leg, and for
practical analysis a larger number of nodes is probably desirsble. It should also be noted that
the initial gap clearance used in the analysis is diferent from that shown in Fig. 4-12 of Refer-
ence 2.3.1. The value used for the current analysis is consistent with that reported in 12.3.3}

- and is believed to be correct. Motion was permitted in the XY plane only. The default ovalling
strengths and stiKnesses were assumed for the curved PIPE elements, with small ovalling
assumed. Twelve subelements (the default value) were used in each PIPE element cross sec-
tion.

The jet force was applied at node 20, directed towards node 19 (i.e. the follower option).
To allow for the symmetry, the jet forces shown in Table 2.3.2 were multiplied by 0.5 (because
only half of the element strengths and stiKnesses are used in symmetrical segments of the"
analysis model). ~

WP.

%
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D2.3.3.2 Analysis Control Parameters

The Newmark step by-step option was used, with the following parameters.

Initial time step - 5 x 10-4 sec.
Minimum time step - 10-5 sec.
Maximum time step - 10~3 sec.

Initial #/ar = 0.1
Lower midstep tolerance - 50 k
Upper midstep tolerance = 250 k

|

D2.3.3.3 WIPS Input |

Tables 2.3.4 through 2.3.8 contain the WIPSLOG listings for the GEOM, M ATL, PIPE, |
G APF, and FREC phases. Tables 2.3.9 and 2.3.10 contain the WIPSLOG, listings for the |

MODL and DATA phases for Case 1 (no strain rate effect, negligible friction). Table 2.3.11 is
a listing of the DATA file for Case 1. The MODL and DATA phases for Case 2 were similar.

D2.3.4 RESULTS

D2.3.4.1 Pipe Motion

The computed pipe locations at four different times are shown in Fig. 2.3.2 for the no-
friction case and in Fig. 2.3.3 for the case with friction.

For the no friction case, the time to initial contact (0.107 sec.) is very close to that
reported in 12.3.11, and the deformed shapes are also very similar. For the case with friction,
the computed pipe motion after impact is much different, with only a small amount of slip tak-
ing place.

The case with friction also included strain rate effects in the PIPE elements. The com-
puted time to impact and the deformed shape at impact were essentially identical to those for
the case without strain rate effects. This indicates that the pipe motion up to gap closure is
governed minly by the inertia of the pipe, and (in this example) does not depend greatly on
the pipe st. .ngth.

D2.3.4.2 Impact Force

For the case with friction, the computed impact force (sum of all gap-friction elements)
varied as shown in Fig. 2.3.4. The peak value is 17300 k, reached shortly after initial impact.
The analysis then indicated several cycles of separation and new contact, with much lower
impact forces. For this analysis, results output was requested every time siep, and hence the
detailed results shown in Fig. 2.3.4 could be plotted. For the case with no friction, results out-
put was requested only every 20 steps. As a result, no detailed response could be plotted, and
the peak impact force was not recorded.

It is important to note that the computed impact forces are strongly dependent on the
assumed gap stiffnesses and are not realistic values. In this example each gap element was

4assumed to have a stiffness of 10 k/in., which is much larger than the crush stiffness of an
actual cibow. ' As a result, :he computed peak impact force is probably a gross overestimate.

The computed impact force in an analysis of this type may also depend on the method of
analysis, in the analysis of [2.3.11, the impccted surface was modelled as a rigid body with very
large mass, and a peak impact force of approximately 8500 k was reported.

D2.3.5 CONCLUSION ,

1
For the case with no friction, the computed motion of the pipe was very similar to that <

previously reported in 12.3.11. This indicates that large displacements behavior of the PIPE ele-
ments is computed correctly in two dimensions and that the impacted surface was adequately

,
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,

represented by stiff GAPF elements.

For the case with friction, the WIPS analysis predicted only a small amount of slip on the i
impacted surface. No previously reported analysis is available for comparison. |

The corr.puted impact force depends on the modelling assumptions and is unlikely to be
close to the true impact force. Because the friction force developed in GAPF elements depends

| on the normal (impact) force, it follows that the computed pipe motion after impact may not be

| the same as that which would be observed in an actual test.

| It can be concluded that the PIPE element can be used to compute the motions of unres-
trained pipes up to impact. However, the problem of post-impact behavior is complex, and
further study is needed to determine whether impact forces and post-impact motions can be
determined with simple models of the type used in this example.
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Power Research Institute,1979.
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2.3.3 Vijay, D. K. and Kozluk, M. J., " Pipe Whip Analysis of Unrestrained Piping Systems,"
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|

TABLE 2.3.1 - STATIC STRESS STRAIN RELATIONSHIP
FOR PIPE STEEL

Stress (ksi) Strain Modulus (ksi)

0 0 26700

26.7 0.001 219

|
44.0 0.080 2 1

1

TABLE 2.3.2 - BLOWDOWN FORCE RECORD
Time (sec) Force (k)

0 0

0.0001 650

0.0010 880

0.0020 1000

1 0.0030 880

0.0050 780

0.0200 430

10.0 430

TABLE 2.3.3 - ASSUMED STRAIN RATE EFFECT
Stress Increase Strain Rate Dashpot Stiffness

(ksi) (sec-3) (ksrc/ta )r

0 0 25.00

9 0.36 2.20

18 4.44 0.44

;

|
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TABLE 2.3.4 - WIPSLOG LISTING FOR GE0M PHASE.

EXEC - WIPS EXECUTIVE
CreatI ng problem no.1
Problen descriptlont MIbbitt Fig.4.12 wIth gepf

NERT WIPS-EXEC CDnMAND t geos j

GEOM - SPECIFICATION DF SYSTEN GEDMETRY

Define units
Length l f t eln emeno) I la
Force Ik elbekgf ekN) 8k

Specif y new GE04 data

START RUN NO. 1
Enter c.p. data in sequence along run

c .p . name and typa 2 1
c oor d op ti on I dl
x.yez 8
Any changes? I

c .p . name and type * 3 tn
no. of extra modes t 1
c oor d op ti on t ,

tn generated automatically
Any changes? *

c.p. name and type * til tl
bend radius t 36
c oor d op t i on t

c.p. , dx edyeda I 1 72
Any changes? *

c .p . name and type t 6 tn
r.o. of extra nodes 2
coord option 3
tn generated automatically
Any changes? I

c .p . name and type t 8 tn
no. of extra nodes * 1

i coord option t
tn generated automatically
Any changes? I

c.p. name and type tl2 tI
bend radius 36
coord option
c .p . , dxedyedz 2 til 0 -148
Any changes?

c .p . name and type 11 tn
no. of extra nodes * 2
coor d op tion
tn generated automatically

|
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Table 2.3.4 (cont'd)

|

Any changes? I

c.p. name and type t 16 tn
no. of extra nodes t 4
coor d option 3
tn gener ated automatically
Any changes? I

c.p. name and type t tl3 ti
bend rad ius * 36
coord op tion 8
c.p., dx.dy dz tl2 315
Any changes? 8 I

c.p. name and type * 19 tn
no. of e xtra nodes t 2
c oor d op t ion 8
tn generated automatically
Any changes? I

c.p. name and type 2 20
no. of extra nodes !
coor d option
c.p., dx dyed: * tt3 0 142 '

Any changes? I

c.p. name and type t
Last c.p. In this run? * y
Olsplay GECM data for this rum? I y

GEOM OATA FOR RUN

ru9 c.p. c.p. bend str a caord c.p. c.p.? coordinate data
no. n ave t ype r ad! st s node opt I J ? medaep yedt redz -

,

1

1 0 di 0. O. O.
3 tn 1 tn O. O. O.
til tl 36.000 0 of 1 72.000 0. O.
6 tn 2 tn O. O. O.
S tn 1 tn O. O. O.
t32 tl 36.000 0 of til 0. -140.000 0.
11 tn 2 tn O. O. O.
16 tn 4 tn O. O. O.
tl3 tl 36.000 0 of tI2 315.000 0. O.
19 tn 2 tn 0. O. O.

Hit RETURN for mor e
20 0 of tI3 6. 142.000 0.

END OF DATA

I START RUN MO. 2
Enter c.p. data In sequence along run

c .p . neee and type !
Last run? I y

|

|
,
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Table 2.3.4 (cont'd) |

Display new GEDM data? 8
Write in session log 7

Modif y GEOM data? t

5 ave current GEDM data? * y
Comment for file catalog a
GEOM DATA SAVED. FILE NAME = GEUM 0101

Produce C00R data? I y

Display C004 data? I y

C004 DATA

run c.p. c.p. bend mode a y 7 x
no. name type radius no. coord coord? coord

1
1 1 0. O. O.

2 18.000 0. O.
3 tn 3 36.000 0. O.
til tl 36.C00 72.000 0. O.

center 36.000 -36.000 0.
4 54 000 -4.825 O.

f 5 67.177 -18.000 6.

I 6 tn 6 72.000 -36.000 0.
7 72.030 =74.000 D.

b to 0 72.000 -112.000 0.

Hi t RE Tut 4 for more
tl2 tl 36.000 72.000 -148.000 C.

center 108.000 -112.000 0.
9 76.823 -130.Cou D.

10 90 000 -143 177 0.

11 tn 11 100.000 -140.0C0 0.
' 12 156 600 -148.000 0.

13 205.200 -148.000 0.
14 253.000 -148.000 6.
15 302.400 -145.000 0.

16 in 16 351.000 -148.000 0.

M i t R E TURN f or mor e
113 tl 36.000 387.000 -148.000 0.

center 351.000 -112.000 9.
17 369.000 -143.177 8.
18 382.177 -130.000 8.

19 tn 19 387.000 -112.000 9.
20 20 387.000 -6.000 9.

END OF DATA

Plot geometry? I

Modify GEDM data? *

DATA COMPLETE FOR THIS SESSION
Save final GEDM data? I y

|
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|

Table 2.3.4 (Cont'd)

Comment for file catalog 3 Hlbbitt Fig.4.12 Example
CEOM DATA SAVED. FILE NAMF = GEOM 0101
Save C DOR data? t y
Comment for file catalog a Hibbitt Fig.412. From GEDM0101
CDOR DATA SAVED. FILE NAME = C00R0101

End of this GEOM session

EXEC - WIP5 EXECUTIVE

NEXT WIPS-EXEC COMMAND t quit

................ ......................... ...... ......... ......

EXEC - WIP5 EXECUTIVE

NEXT WIPS-EXEC COMMAND 3 geos

CEOM - SPECIFICATI0M OF SYSTEM GEOMETRY

Define units
Length ift.In. nema) * In
F or ce Ik.Ibekgf kN) *k

Modif y existing GEOM file? I y
Sequence no. I 1

Display existing GEOM data? 8
Write in sesslen log?

Modify GEDM data? * y
fSpeci f y modi'ications
i

Change data for a c.p.? I y
c .p . neee 2 19

enter revised cata
c.p . type t in
no. of entra nodes t
coor d optlen t
tn generated automatically
Any chan ge s? t

More changes? I y
Change data for a c.p.? 8
Insert new c.p's? I y

name of preceding c.p. 16
enter data for new c.p9s

c.p. name and type 2 17 0

no. of entra nodes t
coord option cu
c.p.l. c.p.J. proportion t 16 19 .33333
Any changes? 8

c.p. name and type * 18
no. of extra nodes I
c oor d op t ion I cu
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Table 2.3.4 (cont'd)

c .p. l . c.p.J. pr opor tlon 16 19 .66667
Any changes? I

c.p. name and type t

More changes? 8

Olsplay modtrled GE04 data? 8
Wr i te in session log? * y

M00lFIED GEGM DATA

run c.p. c.p. bend stra coord c.p. c.p.7 coordinate data
no. name type radius nods opt i J 7 m dsep y.dy z dz

1
1 0 di 0. O. O.
3 tn 1 tn 0. O. O.
til tl 36.000 0 of 1 72.000 0. O.
6 tn 2 tn O. O. O.
B in 1 in O. O. O.
tI2 tl 36.000 0 of til 0. -140.000 0.
11 tn 2 tn O. O. O.
16 tn 4 tn 0. O. O.
17 0 cu 16 19 0.333 0. O.
18 0 cu 16 19 0.667 0. O.
tl3 tl 36.000 0 of tl2 315.000 0. O.
19 tn 0 tn O. O. O.
20 0 of tl3 0. 142.000 0. '

Save current GEDM data? I y
Comme n t for file catalog *
GEOM DATA S&WED. FILE NAME = 330M0102

Produce CDOR data? * y. .

Display C00R data? * y

,

i CDOR D ATA

run c.p. c.p. bend node a y 7 2
no. name type radius no. coord coord? coor d

1

1 1 0. O. O.
2 18.000 0. O.

3 tn 3 36 000 9. O.
| til tl 36.000 72.000 9. O.
'

center 36.000 -36.000 0.
4 54.000 -4.823 0.
5 67.177 -10.000 0.

6 tn & 72.000 -36.000 0.
7 72.000 -74.000 0.

8 tn 8 72.000 -112.000 0.
Mi t RE Tutte for mor e

|
|

i
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Table 2.3.4 (cont'd)

cl2 tl 36.000 72.000 -148.000 9.
center 100.000 -112.000 9.

9 76.823 -130.000 9.
10 90.000 -143.17F 0.

11 tn 11 108.000 -140.000 0.
12 156.600 -148.000 0.
13 205.200 -140.000 0. I

14 253.800 -148.000 0. |
15 302.400 -148.000 0.

16 tn 16 351.000 -148.000 0.
Hit RE TURN for oore

17 17 369.000 -143.177 0.
18 18 382.177 -130.000 0.
tI3 tl 36.000 387.000 -148.000 0.

center 351.000 -112.000 0.
19 tn 19 387.000 -112.000 0.
20 20 387.000 -6.000 0.

END OF DATA

Plot geome try? t

Modify CEON data 7 *

DAT A COMPLETF FOR THis SESSION
Save f inal GEDM data? t y
Comment for file catalog HIbbItt Fig.4.12, 17.18 added.
Gr0M DATA S AVED. FILE NAME = GEDM0102
Sa ve COCR data? * y i

Comment for fil e catalog H ibbi tt Fig.4.12,17.18 added.
'

CDOR DATA SAVED. FILE HAMF = C30R01n2

End of this CEDM session

EXEC - WIPS EXECUTIVE

NEF T WIPS-EXEC COMMAND 8 quit'

............. ..................,. ........ .........................
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TABLE 2.3.5 - WIPSLOG LISTING FOR MATL FilASE.

EXEC - WIP5 EXECUTIVE

NEXT WIPS-EXEC COMMAND matl

M ATL - SPECIFICATIO4 OF MATERIAL PROPERTIES

Define units
Length (ft In,menn) * In
Force (k elbesgf kN) Ik

Start new MATL flie

Specify a new property set? ! y

SET NO. = 1
Property set description t HIbbl tt materlat e no strain rate.

Stat ic modull (min =2, man =5)
26700 219 2

Yleid strengths (no. of modui t minus 1)
3 26.7 44

Strain rate stif fnesses (min =0, max =3)
:

No strain rate effect
use def ault tolerances? * y
Poisson ratic (df1t = .3) *
Weight density (df1tasteel) 2

Any er rors? !

Thi s set added to NATL flie

Specif y a a:ew property set? * y

SE T NO. = 2
Property set description * Hibbitt materiale with strain rate.

Static modull (min =2 max =5)
3 26700 219 2

Yleid strengths (no. of modu 13 minus 1)
I 26.7 44

S tra in r ate stiffnesses (min =0, max =3)
1 25 2.2 .44

Strain rate Ilmits (no. of stiffnesses minus 1)
! .36 4.44

Use def ault tolerances? * y
Poisson ratio (df t t = .3) *
Weight density (dfitasteel) *

Any errors? !

This set added to MATL file

Specif y a new property set? !

No. of property sets In NATL f!Ie e 2

99
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Table 2.3.5 (cont'd)

Display property set descriptlems? t y
MATL PROPERTY DESCRIPTIONS

Set No. Type Description
1 mror Hibbitt material, no strale rate.
2 mror HIbbitt material e with strale rate.4

Display new property set date? I y
MATL PROPERTY DATA

SET NO. 1. Hibbitt materiale no strain rate.
Matt Data Sege 9edules or Stress / StrainType Type No. Coef ficient Llatt
eror

static 1 0.26 70e+05 0 2670e+02i

2 0.2190e +03 0.44 00e+02
3 0.2000e+01

yid.tol. 0.2000e-01
stif tol 0.5000e-01
rate tol 0.5000e-01

Ipolsson 0.3000e+00
density 0.2840e-03

Hit RETURN for next set
-

SET NO. 2. Hibbitt materials with stralh rate.
M it ! Data Sega Modulus or Stress / StrainType Type No. Coefficient Llant! ieros

static 1 0.26 70e* 05 0.2670e+02
2 0.2190a+03 0.4400e+02
3 0.2000e+61

str. rate 1 0. 2500e* 02 0.3600e+00} 2 0 2200e+01 0.4440e+41
3 0.4400e+00 1'

yld.tol. 0.2000e-01
stif tol 0.5000e-01
rate tol 0.5000e-01
poissen 0.3000e+00

{ dcnsity 0. 2040e-03
hit RETURN for neat set
END OF DATA

Display all property set data? 8
Write In session log? *

New 4ATL file created
Comme n t for file catalog 8

'

End this MATL session? I y

EXEC - WIP5 EXECUTIVE4

_ NEIT WIPS-EXEC CDMMAND 2 gult

! ............ .. ........ . . . _. . ..............
I

1

J
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TABLE 2.3.6 - WIPSLOG LISTING FOR PIPE PHASE.

EXEC - WIPS EXECUTlWE

NEXT WIPS-EXEC COMMAND 8 pipe

PIPE - SPECIFICATION OF PIPE PROPERTIES
i

Define units
Length lftelnemeum) 8 In
Force Ik ,1bou gfekN) Ik

No. of NATL property sets evallable = 2
Display material descriptions? 8
Write in session log? I

.

Start new PIPE file

Specif y a new property set? t y

SET ND. = 1
Proper ty set description a 24sch100, no strain rate, seell oval.

Outs ide diame ter 8 24
Wa'' th ickness 1.531
We.ght/ unit length Idf1t= pipe weight) *
No. of X section elements Idf1t=12) :
Material number t 1
L ar ge ovallin9 lyts or no1? (dfitann)

Use def ault ovalling propertias? I y

Any errors? t
;

This set added to PIPE flle

'recify a new property set? ? y'

SEF ND. = 2
Proper ty set descriptlan 24sch100, with strain ratee small eval.

Outside diameter 24
!Wail thickness : 1.531 .

* Weight / unit length Idf1topfpe welght) I
'

No. of X-section elements (df1t=12) 8
Material number 8 2
Large ovalfing lyes or no17 Idf1tenol t |

Use default evalling properties? I y |

Any errors? t

This set added to PIPE flie |

Specify a new property set? *

No. of property sets In PIPE file = 2

Display property set descriptions? I y

PIPE PRFERTy DESCRIPTIlpl$

|

| 101
|

|
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l Table 2.3.6 (cont'd)

Set No. Descr ip t Ion
1 24sch100, no strain rate, small oval .i

! 2 24sch100, with strain rates smell oval .

Display new property set data? I y
)

PIPE PROPERTY D AT A

SET NO. 1. 24sch100, no strain rate, small oval. !
I

Data Sepe modulus or Stress / Strain
Type No. Data value Lielt

Out side diameter 0. 24 00e *02
Wall thickness 0.1531e*01
Uni t weight 0.3069e-01
No. of elements 12
No. of slices . 2
Stress v strain 1 0.2670e*05 0.2670e*02

2 0.2190e*03 0.4 4 00e +02
3 0.2000e*01

Polsson ratio 0.3000 e * 00
Large ovalling no
Dvalling ratios 1 0.3500e*00

2 0 0000e-03
Hit RE TURN for next set

SET NO. 2. 24sch100, with strain rate, small oval .

Data Sega Modulus or Stress / Strain
Type No. Data Yalue Llolt

Cutside diameter 0.2400e*02
Wall thickness 0.15 31e *01
Unit welght 0.3069e-01
No. of eteeents 12
No. of slices 2

i Stress v strain 1 0.26 70e * 05 3.26T0e+32
2 0.2190e*03 0.4 4 00e +0 2
3 0.2000e te!

Stress v strain rate 1 0.7500e*02 0.2000e*00
2 0.5250e*01 0.1353 a +02
2 0.5250e*01

Poisson rat to 0. 3000e *00
Lar ge ovallIng no
Oval 11ng ratios 1 0.3500e*00

2 0. 0000 e-01
Hit RE TURN for next set
END OF DATA

Display all property set data? 8
Wr i te in session log? t

New PIPE f ile created
Comme n t for flie catalog i

End this PIPE sension? * y

EXEC - WIPS EXECUTIVE

j NEXT WIPS-EXEC COMMANO 8 gult

................ .... .......... . . .. .......... ....
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TABLE 2.3.7 - WIPSLOG LISTING FOR GAPF PHASE.

!

EXEC - WIPS EXECUTIVE

NERT WIP5-EXEC COMMAND t gepf

GAPF - SPECIFICATION DF C AP FRICTIDM PRDPERTIES

Define units'

J Length i f t f inimina) I la
F or c e IkelbekgfekN) I k

Start new GAPF f il e

Specif y a new property set? I y

SET NO. 1

.
Property set description : 10000k/ In, f ric. coef f.=1.e-6
Nor mal stif f ness t 10000'

Tangent stifeness : 10000
Frict ion coef ficlept t le-o
Use default tolerances?
Stlff ne ss toler ance Idfit=.051
Ove rs h oot tolerance Idfit=200lb) *
Any er ror s? ?

This set added to GAPF file

Specif y a new property set? *y

SET NO. 2
Pr ope r ty set description 1 10000k/In e f r ic. coef f. =0.4
Nor mal stif f ness ! 10000
T ange n t s t i f f ne s s * 10000
Frict ion coe fficlept 8 .4
Use def ault tolerances? y
Any er ror s? *

This set added to GAPF file

Specif y a new procerty set? t

No. of property sets la GAPF file = 2

Display property set descriptions? I y

CAPF PROPERTY DESCRIPTIONS
Set No. Description

1 10000t/In fric. coeff.=1.e-4
2 10000k/In, f r ic. coeff.=0.4

Display new property set dete7 8 y

G A PF PROPERTY DATA

i
Set Data Date
No. Type Val ue

1
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Table 2.3.7 (cont'd)
|

|

Normal sti ffness 0.1000e*09
Tangent stiffness 0.1000e+95
Friction coefficient 0.1000e-05
Stiffness tolerance 0. 3000e-01
Dyershoot tolerance 0.2000e+00

Hit RETURN for next set'
2

Normal stiffness 0.1000e*95
Tangent stiffness 0.1000e +05

)Friction coefficient D .4000e+00
Stiffness tolerance 0.5030e-01
Overshoot tolerance 0.2000e+00

Hit RETURN for next set
END OF DATA

Display all property set dataf *
Write in session log? *

New G APF f ile created
Comment for file catalog *

End this CAPF session? * y

EXEC - WIPS EXECUTIVE

NEXT WIPS-ETEC COMMAND t quit

................ .................................. ..................

|

|
<

l

!
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TABLE 2.3.8 - WIPSLOG LISTING FOR FREC PHASE.

EXEC - WIPS EXECUTIVE ;

NEXT WIPS-EXEC CDMMAND 8 frec

FREC - SPECIFY OYNAMIC FORCE RECORD 5

Define units
Length ift.In.e.en) 8 in
Force (k ,1bekgf ekN) 3k

Start new FREC file

Specif y a new record 7 y

RECDRD NO. 1

Record name (4 characters) I rec 1
Descr iption (nas. 40 char.) * Hibbitt recorde man. 1000k.

Enter Time-Force pairs
First pair autoestically set to 0.0

Pair no. 2* .0001 650
Palt no. 3* .001 880
Pair no. 4 * .002 1000
Pair no. 5* .003 880
Palt no. 6* .005 780
Pair no. 7* .02 430
Pair no. 83 10 430 '

Pair no. 9 2
Last pair? I y
Any errors 7 i

Specif y a new record ?

Display any records 7 8 y
Record naaber (df1 tea 11) 8

RECORD NO. 1. Name = rec 1
Tlee Force

0. O. e+00
0.00010 0.6900e+03
0.00100 0.8800e+03
0.00200 0.1000e + 04
0.00300 0.8800e+03
0.00500 0.7800e+03
0.02000 0.4300e+03

10.00000 0.4 300e+03
END DF RECORD

Wrlte records la session log? t

End this FREC session? * y
New FREC flie created
Comment for fli e catalog i

EXEC - WIP5 EXECUTIVE

NEX T W IPS-EXEC CDMMAND t gult

............. _ . .......... _ . ... . . _ .... _ ...
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TABLE 2.3.9 - WIPSLOG LISTING FOR MODL PHASE. CASE 1.
'

|

|

|

EXEC - WIPS EXECUTIVE

| NEET WIPS-EXEC COMMAND t modt

MODL - SPECIFICATION OF ANALYSIS MDOEL

Def ine units
Length (ft,Inse.ne) * In
F or ce (k elb ekg f,kN) I k

Sequence no. of C00R file : 2

Available element property sets
T yp e No. of Sets
pipe 2
gapf 2

Available substructure property sets
N on e

DEFINE MODEL IN SEGMENTS

SEGMENT NO. 1

! Pipe run ro. E 1
F i r st c.p. of segment I 1
Full 3D motion 7 I
Displacer.ent plane (xysyz or an) * xy
Any SJbstructures In this segment? I
Boundary condition cade for first c.p. I 111111

Sper.lf y c.p.name + elem type + optional data
12 16 pipe pr=1 Id*y
It 16 gapf pr=1 dy=-1 gap =124

'

3 17 pi;e
4 17 gap f gap =128.82
58 18 pipe
62 18 gep f gap =142
7 19 pipe
88 19 gapf gap =160
9 2D pipe

los
End of segment? * y
Display commands for this segment? * y

!

| MODL COMMAND TABLE
1

1SEGMENT NO. 1. Run No. =

c.p. cl es optn data optn data optn data
1

bcon 111111
16 pipe

pr op 1
loct + Idis yes this yes
wfac 1 0000

16 gapf
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Table 2.3.9 (cont'd)

,

pr op 1,

) this yes
dylj -1.0000 gap 124.0
prop 1
loct + Idis ye s this yeswfac 1.0000

H1t RETURN for eor e
17 gapf

,prop 1
)this yes

dylj -1.0000 gas 128.8 i

18 pipe
prop 1
loci + Idis yes this yeswfac 1.0000

18 gapf
prop 1
this ye s
dyIJ -1.0000 gap 142.0

H i t R E TURN for mor e
19 pipe

prop 1
loci + Idis yes this yeswfac 1.0000

19 gapf
prop 1
this yes
dylj -1.0000 gap 160.020 pipe
prop 1
loci * Idis yes this yeswfac 1.0000

Hit RE TURN for more
Any changes? t

SEC ME NT ND. 2

pipe r un no. *>

Last segment? I y

Any external substructures? *

Display commands for all segments? *
Write In session log? 8

Produce McDL file 7 8 y
Walt while data Is processed

Specif y Initial velocities 7 8
f omme n t for +lle catalog : No frictione no strain rate.

! MODL file saved. File name = MDOLO101
' End of this NOOL session i'

EXEC - WIPS EXECUT1vE

NEXT WIPS-EREC COM4AND 8 gult

. . . . . . . . . . . . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE 2.3.10 - WIPSLOG LISTING FOR DATA PHASE. CASE 1.

1

EXEC - WIPS EXECUTIVE

NEKT WIPS-EXEC COMMANO data

DAT A - SET UP WIPS-ANAL INPUT DATA

Define units
Length ifteln n se) I Ine

Force (k elbengfekN) Ik

Sequence no. of M30L file * 1

Problem description (4 II nes )
L i ne 11 Example as In Fig.4.12 of Hibbitt-Karl sson Report.
Line 2 :3 * PIPE with no strain rate. GAPF with negliglble friction.L i ne
Li ne 4 :

Set up PAUSE flies at end of analysis ?
Walt while flies are processed

Specif y data for each loaded point
LD AD NO. 1

Force record neee I rect
Name of loaded c.p. * 20
F or ce directi on (a ,Y,2 or follower) I foll
F ollo=er c.p. name 2 19
Scale f artor l+.- controls direction) t .5

Time delay (sec) idf1t=0) *
LOAD NO. 2

For c e record name *
Last load? t y

Time s teps t initial + max + aln * .U005 .001 .00001
Man steps + max total time t 1500 .3
Err or tolerances t u pper + l owe r * 90 10

' Results output Intervals
Man. no. oc steps * 20
M ax . time (secs.) .02

Integr ation scheme Inews or hilb)(df1t= news) *

Damping f actor Idfit=0.1) t
Factor for time step Increase (df1t=2.0) I ;

Factor for time step decrease (df1t=0.5) *
Man. unbal . to reduce time step (df1t=no IIsit) *
Max. unbal. to stop analysts Idftt=no llelt) *

DAT A flie set complete
Comment for file catalog 8 No s.r., no friction.
WIPS- ANAL DATA FILES SET UP. PARENT FILE NA4E = DATA 0101

|

EXEC - WIPS EXECUTIVE

NEXT WIPS-EXEC CDM4AND t gult

109

_ - - _ - - - _ _ _ _ _ _ _ _



TABLE 2.3.11 - DATA FILE LISTING. CASE 1.

1

E C H30102 SLDG0102 R 5L T8102
star.
9bul

| new sal nenonl ecart.0
| substructure name = ealn
j refn 21
t 1 0. e +00 0. a + 00 0. e+00

2 0.1800000 e +02 0. e + 00 0. e+00
1 3 0.3600000e +02 0. e+00 0. e+00

4 0.54 00000e+02 -0.4823090e*01 0. e+00
5 0.6 717691e+02 -0.1800000e+02 0. e+00
6 0.7200000e +02 -0.3600000e +02 0. e+00
7 0.72 00000e +02 -0.7400000e +02 0. e+00
8 0.7200n00e+02 0.1120000e+03 0. e+00
9 0.7682310e+02 -0.1300000e+03 0. e+00

10 0.9000001e +02 -0.1431769e+03 0. e+00
11 0 1080000e+03 -0.1480000e+03 0. e+00
12 0.15 66000 e +0 3 -0.14 830 00e + 03 0. e+00
13 0.2052000e +03 -0.1480000e &O3 0. e+00
14 0.25 38000e+03 -0.1980000e*03 0. e+30
15 0.30 24000e+03 -0.14e0000e +03 0. e+00
16 0.3510000e +03 -0.1480000e +03 0. e+00
17 0. 36 89*98 e +03 -0 14 31770e +03 0. e+00
18 0.38 21770e +03 -0.12990 98e*03 0. e +00
19 0.38 70000e+03 -0.1120000e+03 0. e+03
20 0.38 70000e +03 -0.6000000e +01 0. e+00

9999
boun.21

1 111111
2 1110
3 1110
4 1110
5 1110
6 1110
7 1110
8 1110
9 1110

10 1110
11 1110
12 1110
13 1110
14 1110
15 1110
16 1110
17 1110
18 1110
19 1110
20 1110

9999 111111
enod.0
mat 1.4.64
0. 200000000 e+ 010.29999 9982e+000. 2 67000000e + 050.219000000e +030.200000000e+ 01
0. 26 7000008 e + 020. 440000000e + 020. 999999932 e + 200.199999996e - 010. 4999999 70 e-01
0.12000 0000 e +020 . 20003 0000e +010. e+000.200000000e+010.100000000e+01
0.100000000 e + 010 . 24003 0000e +020.153100002e +010. 306922067e -010. e*00
0. 34 999 99 76 e +000 . 799999970e-010. e+000. e+000. e+00

111
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Table 2.3.11 (cont'd)

0. e+000. e+000. e+000. e+000.499999970e-01
0. e+000. e+000. e*000. e*000. e+00
0. e+000. e+000. e+000. e*000. e+00
0. e * 000. e+000. e*000. e*000. e+00
0. e+n00. e+000. e+000. e+000. e+00

'i 0. e * 000. e+000. e*000. e*000. e*00
O. e+n00. e+000. e*000. e+000. e+00
0. e*000. e+000. e*000. e*00
0. 20000 0000e+ 610. 29997 9982e +000. 267000000e *050. 219000000e *030. 200000000e+01
0. 26700 0008 e + 020 . 440300000 e + 020. 999999937 e + 200.19999 e 996e - 010. 499999970e -01
0.12 0000000 e +020.200000000e+010. e * 000. 200000000e * 010.100000000e + 01
0.100000000 e * n10. 240030000e +020.153100002 e * 010. 306922067e -010. e+00
0. 34 999 99 76 e * 000. 79999 e 970e-010. 300000000e * 010.250000000 e * 020. 220000000e+01*

0. 4 4 000 0000 e+600. 360000003e + 000. 444000000e * 010.999999932 e * 200. 499999970e- 01
0. e+000. e + 0 00. e*000. e*000. e*00
0. e+000. e+000. e*000. e*000. e*00

1 0. e+000. e+000, e*000. e*000. e*00
! 0. e+000 e*000. e*000. e*000. e+00
; 0. e*n00. e+000. e*000. e*000. e*00
1 0. e+n00. e + 0 00. e*000. e*000. e+00

0. e * 0 00. e + 0 00. e*000. e*00
0.99 999 999 Fe-060.100000000e+050. e * 000.999999932e * 200.199999986e + 21
0.10 0000003 e + n50. 999999939e * 030. 9 9999984 7e * 020.49995 e970e -010.199999988e * 00

| 0.19999 9989 e + 010.19 999e 988 e + 000.1999*9980 e * 000.199999988e *000.199999988e * 00
I 0. e*000. e*000. e * 000. e + 000. e+00
| 0. e+000. e+000. e*000. e*000. e+00

0. e+000. e*000. e*000. e*000. e*001

; 0. e+600. e*000. e+000. e+000. e+00
j 0. e*000. e+000. e*C00. e*000. e+00

0. e+000 **000. e*000. e*000. e*00
0. e+ 000. e+000. e*0CO. e*000. e*00
0. e+000. e+000. e*000. e*000. e*00
0. e+000. e+000. e*000. e*000. e+ 00
0. e *000. e+000. g*000. e*00
0. 40 000 0006 e+ 000.100030000 c+050. e * 000.999999932 e * 200.19 9999986e+ 21
0.10 0000000 e+n50. 999999939e + 030. 99999984 7e +020.49999 e970e -010.199979980e * 00

! 0.19999 9988 e+ 000 .199999988e + 000.199999980 e * 000.199999988e * 000.19999 7988e + 00
< 0. e+000. e+000. e*000. e*000. e+00
I

0. e+000. e+000. e*000. e*000.- e+00
0. e+000. e * 000. **000. e+000. e+00

| 0. e+000. e+000. e*000. e*000. e+00

| 0. e + 000. e+000. e*000. e*000. s+00
t D. e+000. e+000. e*000. e*000. e+00
| 0. e+000 e*000. e*000. e*000. e+00

0. e+000. e+000. e * 000. e+000. e+00
0. e+000. e+000. e+000. e+000. e+ 00
0. e+000. e+000, e*000. e+00
elemet

3 19 1 1.00
1 0 0 0 1 2 1 1 1 1 0 1

0. e+ 000.100000000e +010. e+000. e*00
! 2 0 0 0 2 3 1 1 1 1 0 1

l 0.18 000 0000 e +020.100300000e +010. e*000. e*00
3 0 0 0 3 4 1 1 1 0 1 1

0.35 999 9962e+02 .360000038e+020. e+000. e*00
4 0 0 0 4 5 1 1 1 0 1 1
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Table 2.3.11 (cont'd) I

|

0.35999 9962e+02 .360000030e+020. e*900. e+00
[ 5 0 0 0 5 6 1 1 1 0 1 1

0 359999962e+02 .360000038e+020. e+000. e*00
6 0 0 0 6 7 1 1 1 1 0 1

0. 73000 0000 e+02 . 360000000e +020. e+000. e*00
7 0 0 0 7 8 1 1 1 1 0 1

0. 73000 0000 e+ 02 . 740000000 e +020. e*000. e+00
8 0 0 0 0 9 1 1 1 0 1 1

0.10800 0008 e+03 .112 000000e *030. e*000. e*00
9 0 0 0 9 10 1 1 1 0 1 1

0.10800 000 8 e+ 03 .112000000e *030. e*000. e*00
10 0 0 0 10 11 1 1 1 0 1 1

0.10800000 0 e *03 .112000000e *030. e+000. e+00
11 0 0 0 11 12 1 1 1 1 0 1

0.108000000 e * 03 .14 7000000e +0 30. e*000. e*00
12 0 0 0 12 13 1 1 1 1 0 1

0 156600006e+03 .147000000e+030. e*000. e*00
13 0 0 0 13 14 1 1 1 1 0 1

0. 20520 0012 e+ 03 .14 7000000e +030. e*000. e+00
14 0 0 0 14 15 1 1 1 1 0 1

0.25 3800003e+03 .147000000e+030. e*000. e*00
15 0 0 0 15 16 1 1 1 1 0 1

f 0.3024 00024e+03 .197030000e+030. e*030. e*00
16 0 0 0 16 17 1 1 1 0 1 1

0.351000000e+03 .112000000e+030. e*000. e*00
17 0 0 0 17 18 1 1 1 0 1 1

0.351000000e+n3 .112000000e+030. a*000. e*00
18 0 0 0 18 19 1 1 1 0 1 1

0. 35100 0000 e+ 03 .112000000e +0 30. e+000. e+00
19 0 0 0 19 20 1 1 1 1 0 1

0.386000000e+03 .112000000e+033. e*030. e*00

4 4 1 0.
I 1 0 0 0 16 0 3 1 1

0. e * 000.100000000e +01J. e*000.100000000e*010. e+00
| 0. e+ 000.124000000e *03
| 2 0 0 0 17 0 3 1 1
| 0. e+000.100000000e+010. e * 000.100000000e *010. e*00

0. e+ 000.128820007e +03
3 0 0 0 18 0 3 1 1

0. e*000.100000000e+010. e*000 100000003e+010. e*00
0. e+ 000.142030000e+03

4 0 0 0 19 0 3 1 1
0. e+n00.100030000e+010. e* 000.100000000e *010. e*00i

0. e+000.160000000e*03
)

nordeopto
prof
end
fini

| mode
| treeenaln
! fini

ebut
new ma lns

paese24
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Table 2.3.11 (cont'd)

10 0.35967e-03 0.35967e-03 0.35967e-03 S. e*00 9. e+00 0. e+0000
20 0.71935e-03 0.,71935e-03 0.71935e-03 0. et00 6. e+00 3. e+0000
30 0.7320*e-03 0.73204e-03 0.73204e-03 0. e+00 9. e*00 3. e+0000
40 0.74 472e-03 0.74 472e-03 0.79472e-03 0. e+00 0. e+00 0. e+0000
50 0.74 472e-03 0.74 472e-03 0.74472e-05 0. e+00 0. e*00 0. e+0000
60 0.11317e-02 0.11317e-02 0.11317e-02 0. e+00 0. e+00 3. e+0000
70 0.15186e-02 0.15186e-02 0.151R6e-02 0. e+00 0. e+00 0. e+0000
80 0.11317e-02 0.11317e-02 0.11317e-02 0. s+00 0. e*00 3. e+0000
90 0. 74 472e-03 0.74472e-03 0.74472e-05 0. e+00 0. e*00 0. e+0000

100 0.74 472e-03 0.74472e-03 3. 79472e-03 0. e+00 0. e+00 0. e+0000
110 0.13439e-02 0.13435e-02 0.13435e-02 9. e*00 0. e+00 0. e +0000
120 0.19422e-02 0.19422e-02 0.19422e-02 0. e*00 0. e+00 0. e*0000
130 0.19422e-02 0.19422e-02 3.19422e-02 0. e*00 0. e*00 3. e+0000
140 0.19422e-02 0.194 22e-02 0.19422e-02 0. e+00 0. e+00 3. e*0000
150 0.19422e-02 0.194 22e-02 0.199 22e-02 0. e*00 3. e+00 3. e+0000
1 60 0.9 7112e-03 0.97112e-03 0.97112e-03 0. e +00 0. e*00 0. e+0000
160 0.3 7236e-03 0.3 7236e-03 0.37236e-03 0. a+00 0. e+00 3. e+0000
173 0.37236e-03 0.37236e-03 0.37236e-03 0. e*00 0. e*00 3. e+0000
1 70 0.37237e-03 0.3 7237*-03 3.37237e-03 0. e+00 0. e+00 3. e+0000
180 0.37237e-03 0.3 7237e-03 0.37237e-03 0. e+00 0. e*00 3. e+0000
1R0 0.37236e-03 0.37236e-03 0.372 36e-03 0. e*00 3. e*00 3. e+0000
190 0.37236e-03 0.37236e-03 0.37236e-03 0. e+00 0. e+00 3. e+0000
190 0.21191e-02 0.21181*-02 0.21141e-02 0. e+00 3. e*00 3. e+0000
200 0.21181e-02 0.21181e-02 0.21191e-02 0. e+00 0. e*00 3. e+0000

end
fini
ptre
ne=r r ect .p air eR.100
12e15.7)

0. e + no 0. **00
0.6500000e+03 0.1000000e-03
0.2800000e+03 0.1000000 e-02
0.1000003e*D4 0.2000000e-02
0.8900000e*03 0.3000000*-02
0. 78 0 0000 e * 03 0.5000000e-02
0.4300000e+03 0.2000000*-01
0.4300000e*03 0.1000000e * 02

i fini
thove792

2 191 3 1 0 0
ndyn
945s
dyloelel
rect 0 0 0.500 2

20 19
t imo er s i t . 2 0.0.2000e=01
autoedeft
i n t e .n e we ,0.5 000 e -03. 3 . e+00,0. e + 00. 0.1000 a + 00
stif
stlfeupda
kinr oll
eter.l.2.6.3
kinr %,

loop.1500j seroeltme<

step

114



. _ _ _ _ _ _ _ _ . _ _ _ _ _ _

Table 2.3.11 (cont'd)
.

unbe
auto inIt
loop.20
stif
auto, load
load
disp
kinr.10
e I mr .9 ,10
auto.nerr.0.1000e+02,0.5000e+02 -

I f ,3,3 .1.1

entr,1
auto. fact
kInr.1
i f ,3,2 ,2.3

entr 2 '

elerel
cont
goto,0,

' entr,3
a u t o s t ep .0.1000e-04,0.1000e-02.0.5000e +00,0.2000e+ 01
I f 4,5. 5.4

entr 4
I n t e .n e ws . . a uto,0. e +00,0. e +00,0. e +0 0,0.10 0 3e + 00
entr,5
I f ,3,6. 6,7

entr,6
kInr,12
e l mr ,5 . 2,6
kinr.5
stif.Init
goto.9
entr,7
chou
e l mr ,1, 2. 4,6,11

kinr,4,9,11
wrou
z e ro ,1 r sb
unba
suem
eler.3
kinr,3
s t i f ,up da
a u t o ,e x i t . 0.3 000e +00
if,5.8,8,0
en.tr,8

cont
fini
stop
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D2.4 CLAMPED BEAM WITH IMPULSIVE LOADING

D2.4.1 PURPOSE

This example tests the BEAM element, by comparison witn ast results and previously
reported analysis results. Large displacement and strain rate effects are considered, and the ini-
tial velocity loading option is tes!ed.

D2.4.2 DESCRIPTION

Tests and analyses of a clamped-end beam under impulse (explosive) loading have been
reported by Witmer et al 12.4.11. Analyses of the same beam have been reported by liibbitt
and Karlsson (2.4.2].

The dimensions of the beam are shown in Fig. 2.4.1. Initial velocities as shown were pro-
duced by an explosive charge.

The beam was made of 6061-T6 aluminum alloy. The static Young's modulus reported in
12.4.1] was 10400 ksi (7.171 x 10'" N/m ). For analysis, bilinear stress-strain relationships were2

assumed in both [2.4.11 and 12.4.2]. Very similar results were reported in [2.4.1] for (a)
elastic-perfectly-plastic material with an extensional yield stress of 41.4 ksi (2.854 x 10" N/m )2

and (b) elastic-strain-hardening material with a yield stress of 40.5 ksi (2.792 x 10 N/m ) and a8 2

strain hardening modulus of 76.1 ksi (5.247 x 10" N/m ). The elastic-strain-hardening material2

was assumed for the WIPS analyses.

For the analyses in both (2.4.1) and 12.4.2), high strain rates were assumed to increase the
yield stress according to the equation:

o,. (|E |/6500)" 25 (2.4.1 )a , - a ,. -

in which i - extensional strain rate; o., = static yield stress; and e, - dynamic yield stress.
For the WIPS analyses a trilinear approximation as shown in Table 2.4.1 was assumed.

The following WIPS analyses were performed:

(1) Ten BEAM elements in half span, no strain rate effect, Newmark solution scheme.

(2) Ten BEAM elements in half span, no strain rate effect, Ililber flughes. Taylor (lillT)
solution scheme.

(3) Ten BEAM elements in half span, with strain rate effect Newmark solution scheme.

In addition, an analysis with twenty BEAM elements in the half span and no strain rate
effect was carried out to explore the effect of discretization. The results were not significantly
different from those for Case 1 and are not reported here.

D2.4.3 WIPS ANALYSIS MODEL

D2.4.3.1 Geometry and Load:ng

The element subdivision and initial velocities for the 10-element analysis are shown in
Fig. 2.4.2. The initial kinetic energy is the same as for the beam shown in Fig. 2.4.1. Only
motion in the XY plane was permitted (i.e. no bearn twist or lateral bending).

D2.4.3.2 BEAM Element Properties

For the assumed elastic strain hardening material, force-extension and moment-curvature
relationships were calculated for the BEAM element cross section. The force-extension rela-
tionship has the same shape as the stress-strain curve, whereas the moment curvature relation- ,

|

ship is curvilinear. The two relationships were approximated using four linear segments each,
as shown in Tables 2.4.2 and 2.4.3.

f

!
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The procedure for determining strain rate properties for BEAM elements is described in
the Theory Manual, Section B4.4.2. With this procedure and the dashpot stiffnesses shown in

[ Table 2.4.1, the dimensionless properties shown in Table 2.4.4 were calculated.

D2.4.3.3 Analysis Control Parameters

For analysis with the Newmark scheme, the following parameters were specified:

Initial time step - 2 x 10-6 sec.
Minimum time step - 1 x 10-6 sec.
Maximum time step - 1 x 10" sec.

Initial #/Ar = 0.1
Lower midstep tolerance - 0.5 k
Upper midstep tolerance - 2.5 k

The same parameters were used with the HHT scheme, except that the damping parameter was
a -0.1.

D2.4.3.4 WIPS Input
Table 2.4.5 contains the WIPSLOG listing through the WIPS-DATA phase for Case 3.

The procedures for the other cases were similar. Table 2.4.6 is a listing of the DATA file for
Case 3.

D2.4.4 RESULTS

D2.4.4.1 No Strain Rate: Newmark Scheme
For the Newmark scheme and no strain rate, Fig. 2.4.3 compares the WIPS results for

midspan deflection with the test results from [2.4.ll and the analysis results from (2.4.1] and
[2.4.2]. The analysis in (2.4.1] used a finite difference scheme with 30 nodes in the half span.
The analysis in (2.4.2] used a finite element model with 10 elements in the half span. It should
be noted that during the test itse beam twisted significantly because the explosion wavefront
traveled laterally across the beam. Hence, there is some doubt whether the test and analysis
results are directly comparable.

The three analyses differ significantly, that from [2.4.2] predicting the largest displacement
and the WIPS analysis predicting the smallest displacement. None of the analyses agrees
closely with the test results.

Because the displacements computed using WIPS were smaller than those reported in
[2.4.1] and 12.4.2], an analysis was also carried out using very small numerical damping (#/Ar,.
- 0.002 rather than the default value of 0.1). The results differed only very slightly from
those shown in Fig. 2.4.3. However, the number of time steps required for the solution

I increased dramatically (from 70 to 202 steps).

D2.4.4.2 No Strain Rate: HHT Scheme

|
Figure 2.4.4 compares the results for analyses with the Newmark and HHT schemes. The

| results are closely similar up to 0.5 milliseconds. The HIIT analysis required 63 time steps for
the solution.

D2.4.4.3 With Strain Rate
For the Newmark scheme with strain rate effects, Fig. 2.4.5 shows comparisons with

experiment and the analyses reported in 12.4.1) and [2.4.2]. The WIPS analysis agrees quite
closely with the analysis from (2.4.11. Note, however, that the WIPS strain rate theory is not
identical to that used in 12.4.1]. In particular, the strength increase in WIPS is based on plastic
strain rate rather than total strair. rate. This will tend to make the WIPS model somewhat more
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flexible. The analysis required 63 time steps. The results of the WIPS analyses with and
without strain rate effects are compared in Fig. 2.4.6.

D2.4.5 CONCLUSION

Compared with the two other reported analyses, the BEAM element in WIPS is slightly
stiff. This is not due to the numerical damping scheme. For the case with no strain rate, the
WIPS analyses and the two other reported analyses all differ from each other significantly. For

i the case with strain rate the WIPS analysis agrees quite closely with the analysis from (2.4.1]
but differs significantly from the analysis in [2.4.2]. None of the analyses agrees closely with
experiment. However, the experimental results are not necessarily reliable because of twisting
of the beam.

Without further study it is not possible to say which of the analyses is the most accurate.

D2.4.6 REFERENCES
2.4.1 Witmer, E. A., Balmer, H. A., Leech, J. W., and Pian, T.H.H., "Large Dynamic Defor-

mations of Beams, Rings, Plates, and Shells," A/AA Journal, Vol.1, No. 8, pp.1848-
1857,1963.

2.4.2 Hibbitt and Karlsson, " Analysis of Pipe Whip," Report No. EPRI NP-1208, Electric
Power Research Institute,1979.
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TABLE 2.4.1 TRILINEAR APPROXIMATION FOR STRAIN RATE EFFECT
Stress increase Strain Rate Dashpot StiKness

2(ksi) (sec-3) (k.sec/in )

0 0 2.0

8 4 0.0685
,

i
18 150 0.0108

TABLE 2.4.2 - STATIC FORCE EXTENSION REl.ATIONSHIP FOR BEAM ELEMENT
Force (k) Axial Strain StiKness (k)

0 0 1560.00

6.075 0.00389 11.42

6.170 0.01121 11.41

6.634 0.05184 11.40

TABLE 2.4.3 - STATIC MOMENT CURVATURE RELATIONSHIP FOR BEAM ELEMENT
Moment (k.in) Curvature (In-') StiKness (k.In )3

0 0 2.0310

0.156 0.0768 0.2290

0.189 0.2212 0.0150

0.201 1.0225 0.0149

TABLE 2.4.4 DIMENSIONLESS STRAIN RATE RELATIONSHIP FOR BEAM ELEMENT
Strensth Increase Factor Deformation Rate Factor

0 0

0.1869 1027

0.4206 38520

2.9370 2.607 x 10'
,
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TABLE 2.4.5 - WIPSLOG LISTING. GE0M. BEAM, FREC, MODL AND DATA PHASES.

EREC - WIPS EXECUTIVE
Cr eat i ng problem no.1

! Problem descr iption Cl amped be es wi th Initial velocity. SEAP sodel.

NE R T W IP!-E R E C COMM A ND I geom.

GEDM - $PECIFICATIDN OF SYSTEP CEDME TR Y

Define units
Length iftelnememm) * In
Force lh elb ekgf,kN) Ik

Specify new CED* data

STAPT RUM NO. 1

Enter c.p. dets in sequence along run ,

c.p. nere and type 1

j coor d crtion t dl
mover
Any changes? t

1 c.p. naet and type t 8
no. of e n t r a node s t 6
coord option t
c.p s e deedyedt t .3.843
offset point defaults to preceding c.p.
Any changes? 8

.
c.p. nere and type 8 9

' no. of entra nodes I
coord eption I
c.p., deedyeds t . 386
offset point defaults to preceding c.p.
Any changes? 8

i

c.p. name and type 8 11
no. of entra nodes 8 1
coord opflon I
c.p., da dyedt t 15

|
Any changes? 8

c.p. name and type *
Last c.p. In this run? I y
Olsplay CFOM data for this run? I y

GE DM O AT A FOR PUN

run c .t . c.p. bend stra coord c.p. c.p.? coordinate data
Mo. n eer type radius nods opt I J ? sedm p yedy red:e

1

1 0 dl 0. C. O.
9 6 of 1 3.P43 C. O.
9 0 of 8 0.386 0. O.
11 1 of I 5 .0 00 C. O.
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hble2.4.5(cont'd)

END OF PATA
'

START RUN NO. 2
Enter c.p. data in sequence along run

c.p. name and type :
Last r un? t y

Olsplay new GEOM deta7
! Write in session log? *

Modify CEDM data? t

Save current CF04 data? I y
Comme n t f or f i le cat a log *
SEDM OATA S AVE D. FIL E N AME = GE DM0101

Produce COOR data? * y

Olsplay E00R data? I y
,

C00r DATA

run c.p. c.p. bend node a y 7no. name type radius no. coort coor d? coord

1

1 1 0. O. O.
2 0.540 0. C.
3 1.09P 0. O.
4 1.647 0. D.
5 2.19e 0. D.
6 2.745 O. D.
7 3.294 0. D.

B 5 3.843 0. D.
9 9 4.229 0. C.

10 4.615 0. D.
Mit RE TUpN for more

i 11 11 5.000 0. O.
END OF DATA

1

Plot geoettry? 8

Modify Crea date? 8

DATA C0pFLETE FOR THIS $FS$10N
Save final GEON data? t y
Coneent for file catalog i 10 elements.
SEOP O A T A S AVED. FIL E N AME = GE OP0101
Save COOP data? t y
Comment for file catalog 10 elements.
COOP CATA $AVED. FILE NAME = C00R0101

End of this CEDM oession
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Table 2.4.5 (cont'd)

EXEC - WIP5 EXECUTIVE*

NEST WIPS-EXEC COMMAND 8 beam.

SE AP - SPECIFIC ATIDN OF BE AM PROPERTIES

Define units
| Length iftelnemenn) : In

F or ce Ikelb ekgf,kN) Ik'

Start new SE AM file

Sp eci f y a new proper ty set? * y

SE1 NO. = 1
Property set description 1.2x0.125. 40.5ksle no strain rate.

Yleid surface type Il-4) idf1t=1) 2
Weight per unit length 1 1.448e-5

Elastic stiffnesses
EAm eGay car 1560 500 500
G Ju e Ely eE la 2.031 2.031 2.031

Strengths at first yleid
FueMamePyyeMrr t 6.075 156 156 156

Stiffnesses after first yleidi

E A.GJa.E lv eE la 11.42 .229 .229 .229
Strengths at second yleid

Fa Max,Wyy, Mar 8 6.17 .189 .1M9 .189
Stlff nesses af ter second yleid

EA.GJa ElyeEla 11.41 015 .015 .015
Strengths at third yleid,

Fm,Mme PyyeMaz I 11.4 .0149 .0149 .0149
ese error - must exceed previous values
Strengths at third yleid

FueMas Wyy Mrs t 6.634 .201 201 .201
Stiff nesses af ter third yleld

E A.GJW.ElyeEla 8 11.4 .0149 .0149 .0149
Strain rate f actors (0-3. df1t=nonel
No strain rate ef fect

]
Use default tolerances? * y

Any errors? I

yhls set added to SE AM flie

Specif y a new property set? * y

SE T 40. = 2
Proper ty set description i 1.2x0.125, 40.5ksle with stra in rate.
Yleid surface type 11-41 Idf1t=11 t 2
Weight per unit length 1 44Be-5

Elastic stif f nesses

|

>
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Table 2.4.5 (cont'd)

EAs. Gay, gar 2 1560 500 500
GJa,Ely Elr 2 2.031 2.031 2.031

Strengths at first yleid
Fx,Mmm,Pyy, Mar t 6.075 .156 .256 .156

5tiffnesses after first yleid
E A.G Jm.E ly,EIr I 11.42 229 .229 .229

Strengths at second yield
|Fa. Mas,Pyy, Mar 8 6.17 .389 .189 .189

Stiffnesses after second yleid i

E A.GJa ,E ly,E f r i 11.41 .015 .015 .015
Strengths at third yleid
Fx,Mxa,Myy Mar * 6.634 .201 .201 .201

5tiffnesses after third yield
E A GJa Ely.Elr I 11.4 .0149 .0149 .0149

Strain rate factors (0-3, df1tenone) * 1027 38520 2.607e6
Cor re sponding strength f actor s t .1869 4206 2.937
Use default tolerances? t y
Any errors? *

, This set added to BEAM file
i
' Specify a new property set?

No. of property sets in BEAM file = 2

Olsplay property set descriptions? I y
SE AM PROPERTY CESCRIPTIONS

Set No. De scr ipt ion
1 1.2mo.125, 40.5k s i, no str ain r ate.
2 1.2m0.125, 40.3k si, wit h s tr ain r ate.

Display new property se t data? *
Wr i te In session log?

Olsplay all property set data? I y

; DEAM PROPERTY OATA

SE T 40. 1. 1.2mo.125, 40.5k si , no strain rate.

Data Type Data 1 Cata 2 Data 3 Data 4

Unit we l ch t 0.14 4 P e- 04
Elast ic Ef a gay, gar 0.1560e+04 0.5000e+03 0.5000e* 03

GJa.Ely,Elr 0.2031 e+ 01 0.20 31 e +01 0.2031e+ 01
First yleid

Fs, Max,Myy, Mar 0.6075e + 01 0.15 60e+00 0.15E 0e+0C 0.1560e *03
EA.GJa,Ely,Elr 0 1142e+02 0.2290e+00 0.229 0e+00 0.2290t +00

Second yleid
Fm, Max,Myy, Mar 0 6170e+01 0.18 90e+00 0.1990e+00 0.1890e+0D
E A ,GJa,Ely.El r 0.1141e+02 0.1500e-01 0.1500e-01 0.150Ce-01

Third yleid
Fa, Man,Myy,Mrs 0.6634e+01 0.2010e+00 0.2010e*00 0.2010e *C3
E A ,GJa .E ly,E l r 0.1140e+02 0.14 90e-01 0.149 0e-01 0.14 90 e -01
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Table 2.4.5 (cont'd)

| Stiffness tolerance 0.5000e-01
| Yleid tolerance 0.2000e-01
l Unionding tolerance 0.2000e-01

Mit RE TURN for next set

SET ND. 2. 1.2x0.125, 40.5ksi. with strain rate.

Data Type Data 1 Date 2 Data 3 Data 4

Unit we l gh t 0.1448e-04
Elastic EAm. gay. gar 0.1560e* 04 0.50 00e+03 0.5000e* 02

CJa.Ely.Elr 0.2031e+01 0.2031e+01 0.2031e*01
First yield

Fa. Man.Myy Mar 0.6075e+01 0.1560e+00 0.19f 0e* 00 0.1560e *00
E A.GJa.Ely Elz 0.1142e+02 0.2290e+00 0.2290e*00 0.2290e+00

Second yield
Fa. Man.Myy.Mzz 0.6170e* 01 0.1890e+00 0.1890e+ 00 0.1890e*00
EA.CJa. Fly.Elr 0.1141 e+ 02 0.15 00e-01 0.150 0e-01 0.15 00 e -01

Third yleld
Fa.wam Myy. Mar 0.6634e+01 0.2010e+00 0.2010e* 00 0.2310r +00
E A .CJa .E l y.E l z 0.1140e+02 0.14 90e-01 0.149 0e-01 0.19 90e-01

Strain rate f actors 0.1027e+ 04 0.3852e+05 0.260 7e*07
Strength f actors 0.1869e* 00 0.4206e+00 0.2937e+01
Stif f nes s tolerance 0.5000e-01
Yield tolerance 0.2000e-01
UnicadinF tolerance 0.2000e-01
Str. rate tolerance 0.5000e-01

hit RETUEN for nemt set
END DF DATA

.

New BEAw file created
Co**ent for flie catalog i 2 sets.

End this EE AM session? I y

EXEC - WIPS EXECUTIVE

NEIT WIPS-EEEC COMMAND frec

FREC - SPECIFY DYNAMIC FD4CE RECORD 5

Define units
Length (ft.Inom.mel t In

j Force (b lbekgf ekN) ik

'
Start new FREC file

Specif y a new record ? y,

|

RECDeo No. 1

Recor d name it characters) I rect
Descr ipt ion loan. 40 char. ) Duomy zero record.

Enter Time-Force pairs
j F ir st pair automatically set to 0.0
l

-

,
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Table 2.4.5 (cont'd)

Pair co. 23 10 0.
Patr no. 3:

Last patr? * y
Any errors ? 8

Specif y a new record ? :

Display any records 7 y
Record number (dfit=all) t
RECORD NO. 1. Name a rect

Time Force
C. O. e+00

10.00000 0. e+00
END OF RECORD

Nrite records in session log? *
End this FREC session? I y
Ne w FREC flie created
Comment for file catalog * 1 dummy record.

EXEC - WIP5 EXECUTIVE

NE XT W IPS-EXEC COMMAND t mod 1

MODL - $PECIFICATION OF ANALYSIS MODEL

Define units
Length ifteln memel Ine

Force lh elb ekgf ekN) Ik

Sequence no. of CDOR flie i 1

Available element property sets
Type No. of Sets
been 2

Available substructure property sets
None

DEFINE PODEL IN SEGMENTS

SEGME NT ND. 1

. Pipe r un no. I 1
Fir st c.p. of segment 8 1
Full 3D notion 7
Di s pl a cement plane layevr or rm) my
Any substructures In this segment? *
Soundary condit ion code for first c.p. 8 111111

Spec i f y c.p.name e elem type * optional data
18 9 bene pr=7 Idsy
78

End of segment? I y

l
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Table 2.4.5(cont'd)

Display comeands for this seguent? I y

MOOL CDMMAND TABLE

SEGMENT NO. 1. Run No. = 1
c.p. else optn data op tn data optn data
1

bcon 111111
9 bene

prop 2
loci + Idis yes this yes
wfac 1.0000

Any changes? *

SE GME N T ND. 2

pipe run no. I 1
First c.p. of segment t 9
Full 3D notion ? *
Displacement plane Imyeyr or ax) t my
Any substructures In this segoeet? 8
Soundary condition code for first c.p. t
Syonetric - boundary code reset to 001110

Specif y c.p.name e else type + optional data
18 11 beae
28

End of segment? t y
01 splay commands for this segment? 8 y

,

MODL COMMAND TABLE

SEGME NT NO. 2. R un No . e 1

c.p. eles optn data op tn data optn data
9

bcon 1110
11 beam

prop 2
loci + Idts yes this yes
wfac 1 0000

Any changes? 8 y-

Re-enter data for this segment

SEGMENT NO. 2'

Pipe r un no. * 1

! First c.p. of seguent t 9
Full 3D sot ton ?
Olsplacement plane Inyeyr or aml I my
Any substructures in this segment? t
Soundary condition code for fir st c.p. t
Synett ric - boundary code reset to 001110

Speelf y c.p.name e else type e optional data
18 11 bene
28 11.ebe=101111

.
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_aT ble 2.4.5 (cont'd)

|

58
: End of segment? * y

Display commands for this segment? I y

M00L CDmmAND TABLE

SEGmf NT NO. 2. Nun No. = 1
c.p. elen optn data optn date optn data
9

bcon 1110
11 beam

prop 2
loci e Idis yes this yes
wfac 3.0000

11
bcon 101111

Any chaegest t

SEGPENT NO. 3

Plpe r un eo. 8
Last segment? I y

Any entereal substructures? 8

Display cemeands for all segments? t
i Nrite in session log? 8

i Produce M00L flie? I y
j Natt while data is processed

i specify initial velocities ? 8 y
i Specif y f eltlal velocities for af fected segments

Warning - only partial consistency check is performed on dat a<

SEC4ENT N3. I 2
Segment has transverse symmetry

Mot l oe in my plane only
i Weet of pivot point (df1t = no pivot) 8
i 5pecif y global m*f velocities 0 -5020

SEC4ENT NO. *
Last effected segment ? 8 y
Welt wt.Ile data la processed

Comesnt for file catalog i 10 elements, with strann rate.

RODL f lie saved. File name = MODLC101
End of this nGOL session

.
.

'

EREC = d!PS EXECUf!VE

i NEXT WIPS-f REC COMMAND t list
4

Problem 18 Clamped beam with init tel velocitye Stem model,

file seeuence date de scr ipt len
type number.

SEDM 1 Frl Aug 13 14:4St24 1992 10 elements.
'

I
*

|

!
!
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Table 2.4.5 (cont'd)

l
i

i
'

COOR 1 Frl Aug 13 14:4S 24 1982 10 elements.
DEAM Fr l Aug 13 14 tS3 48 1982 2 se t s.
Fett Frl Aug 13 14tSSt28 1982 1 dummy record.
M00L 1 Frl Aug 13 15:01:09 1982 to elements, with str ain r ate.

NE tt WIPS-IIEC COMMAND I data

DAT A - SET UP WIPS-ANAL IMPUT D AT A

Sequence no. of MDDL file I 1

Problem descr iption (4 Ilnest
Line 1 Clamped team with Initlet Velocity. CHP 7/92
Line 2
Line 3 10 element s, with str ain rate. 5020 velocity at 9.10.11.
Line 4 i

Set up PAUSE files at end of analysis ? 8
Walt wbfle files are processed
initial velocities may be scaled if desired
$pecif y scale f actor Idf1t=1.0) :

Speelfy data for each loaded polet
LOSC NO. 1

Force record name I rect
Neee of loaded c.p. I 1
Force direction (mey. or fo11ewerl Iy
Scale f actor (*.- controls direction) 1

Tise delay (sec t idf tt=0)
LOAD NO. 2

Force record name
. test load 7 8 y
|

Time steps t Initial + mem + min I te-6 le-4 le-6

) Man sters * man total time 200 .0015
'

Er r or toler ances t upper + lower s .S .1

Result s output Intervals
M an . no. of steps : 1
M an . tire (secs.) 8 1

Int egr ation scheme (news or hilblidf ttenewal I4

Deeping factor (dftt=0 11 t
Factor f or tipe step Increase (df ttet.0) t

i

Factor for time step decrease Idf tte0.5)
Man. unbal. to reduce tlee step (df1teno lleltl 8 .S
Mas. unbal. to stop analysis (dflteno Ilmitt i 10

DAT A f ile set comple te
Comment for file catalog i 10 eleme strain rate, Newmark 0.1<

WIPS ANAL DATA FILt$ SET UP. PARfMT FILE NAMI e 08T40101

FItt - WIPS EXE CUTIVE

MEIT WIPS-IIEC COMMAND I IIst

,

|

l
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_ Table 2.4.5(cont'd)
i

Problem 1 Clamped beam with initial velocity. BEAM model.
file seevence date de scr ipt lentype number
GE OP 1 Frl Aug 13 14:45 24 1982 10 eleme nts.CDOR 1 Fri Aug 13 14:45:24 1982 to elements.DEAM Frl Aug 13 14853848 1982 2 sets.FREC Fri Aug 13 14:55 28 1982 1 duemy record.
9 TOOL 1 Fri Aug 13 15:01:09 1982 10 elements, with strain rate.SATA 1 Frl Aug 13 15:01:09 1982 10 elene strain rate. Newearb 0.1RSLT 1 Frl Aug 13 15:01:09 1982 to elem, strain rate, Newmark 0.1ECHO 1 Frl Aug 13 15:01:09 1982 10 eles, strain rate, Neweark 0.1
SLOC 1 Fri Aug 13 15:01:09 1982 10 eles, strain rate Neweark 0.1

OBERT WIPS*f AEC COMMAND t quit

...... ................................................................

l.

I

1

.
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TABLE 2.4.6 - DATA FILE LISTING. CASE 3.

I

ECH00101 SLOG 0101 R$L70101
star,
gbuti

nen .ma i n.n on ! . c er t .0
sub st r uc t ur e name = ea l n

refn.12
1 0. e+00 0. e+00 0. e+00
2 0.5490000e+00 C. e+00 0. e+00
3 0.1098 000e * 01 C. e +00 0. e+00
4 0.164 7000e + 01 0. e*00 0. e*00
5 0.2196000e+01 0. e+00 C. e+00

# 6 0.2745000e*01 0. e*00 0. e+00
7 0.3294000e+01 0. e+00 C. e+00
8 0.3843000e+01 0. e+00 0. e+00
9 0.4229000e+01 0. e+00 D. e+00
10 0.4614500e+01 0. e+00 C. e*00
11 0. 5 000000e * 01 0. e+00 0. e+00

9999
boun .12

1 111111
2 1110
3 1110

1 4 1110
5 1110
t 1110
7 1110
8 1110
9 1110

10 1110
11 101111

9999 111111
ened.0

' mat t .2. 64
0. 2 0000 0000e + 010.4 99999970e -010. e+000. e +00 0. e+00
0. e + 0 00.199999996 e-010.1999 99996e-010.20309 999 0e * 010.2 2 9030002e +00
0.14 999 999 7e -010.14 899 9998 e = 010.156000003 e * 000.18889 999e e +003. 2 01030005e * 00
0.5000 0 0000e *0 30.203099990e * 010. 229000002e +000.14 999 999 7e -010.14 f 97 9 998e-01
0.15 60 3 0003 e * 000.198999996 e * 000. 2010 00005e + 000.500000000e +033. 2 0309999 0e + 01
0.2 2900 0002 e * 000 .149999997e -010.19 89 99998 e-010.156000003e + 003 .1 P P 99 99 96e * 00
0.20100 000 ? e + 000. e * 000.15 s0000 00e * 040.114 200001 e +023.114 09 999 Be + 02
0.1139 9 999 f e * 0 20.63 74 99981e + 010. 617000008e +010.663399982e * 010.4 9 99999 70e-01,

6. e*000. e*000. e*000. e +000. e*004

| 0. e*000. e * 000.14 48000 06e-040. e+000. e*00
'

O. e*000. e+000. e+000. e + 00 0. e*00
0. e+000. e+000. e+000. e+003. e+00
0. e+000. e+000. e+000. e*00

; 0.20000 0000 e * 010.4 99999970e -010. e+000. e+000. e+00
i 0. e + 000.199999996e -010.199999996 e -010. 20309 999 0e +010. 2 2 9030002e * 00
'

O .14 999 999 7e -010.14 8999990e - 010.156000003e * 000.189999996e +003. 20100 0 005e + 00
0.500300000e *030.203099990e+010.229000002e*000.14999 9997e-013.14 f 97999Be-01
0.15 60 0000 3e + 000.188999996e + 000. 201000005 e * 000.5 0000000 0e +033. 20 3099990e + 01
0.2 2900000 2 e + 000.199999997e =010.14 8999990 e = 010.15600000 3e +00 3.1 F e 99 9996e + 00
0.2010 0 000 5e * 000. e + 000.1560000 00e + 040.114 2 00001e +023.114 0999 9 Be + 02
0.11399 999 f e * 020.60 74 99981 e + 010. 617000000e + 010.66339998 2e +013. 4 9 99999 70e-01

i 9 30000 0000e + 010.102 700000e * 04 0. 385200000e * 050. 260703000e *070.1 F 6 900005e + 0 0
0.4 205 9 999 7e + 0 00.293700004e * 010.14 48000 06e-040. e + 00 3. e+00

|

|
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_ Table 2.4.6 (cont'd)

0. e*000 e+000. e+000. e+003. e*000. e+000. e*000. e+000. e+003. e+00 |0. e+000. e + 000. e+000. e +00 |elem.1
1 10 1 1.00
1 0 0 0 1 2 2 1 1 1 0 10 e + 000 100000000e +010. e+000, e + 00 3. e+000. e*00
2 0 0 0 2 3 2 1 1 1 0 1

0.54 90 0002 ? e + 000.100000000e +010. e+000. e + 00 3. e+000 e*00
3 0 0 0 3 4 2 1 1 1 0 1

0.109800005e+010 100000000e*010. e+000 e+000. e+000. e+00
4 0 0 0 4 5 2 1 1 1 0 1

0.164 6 9 999 t e + 010 100000000 e +010. e+000. e +00 0. e+000. e+00
5 0 0 0 5 6 2 1 1 1 0 1

0.219 t 00010e + 010.100000000 e + 010. e*000. e + 00 3 . e+000 e+00
6 0 0 0 6 7 2 1 1 1 0 1

0.2 745 00012 e + 010.100000000 e * 010. e+000. e*003. e+000. e+00
7 0 0 0 7 8 2 1 1 1 0 1

0.3 29 ? 9 9091 e + 010.100000000 e +010. e+000. e +000. e+000. e+00
; e 0 0 0 8 9 2 1 1 1 0 11

0.3842 9 9094 e+010 2 00000000e+010. e+000. e +003 . e+000 e+00
9 0 0 0 9 10 2 1 1 1 0 1

0.4 229000De +010.100000000e*010. e+000 e+003. e+00e
0. e+00

10 0 0 0 10 11 2 1 1 1 0 1
0.4 614 5 000! e +010.100000000e + 010. e+000. e + 00 0. e+000. e*00

nor d eop to
prof
end
fini
mode
tree eain
fini
abut
new main
peas 13

to 0.51755e-08 0 51755e-08 0.51755e-08 0. c*00 C. e*00 0. e+C000
20 0.lc351e-07 0.10351e-07 0.10351e-07 0. e+00 C. e+CO 0. e + 0000
3C 0.10351e-07 0.10351e-07 0.10351e-07 0. e + 00 0. e + C0 0, e+0000
43 0.10351e-07 0.10351e-07 0.10351e-07 0. e+00 C. e+ CO 0. e+0000
?D 0.10351e-07 0.10351e-07 0.10391e-07 0. e + 00 C. e+ C0 0. e+0000
60 0.10351e-07 0.10351e-07 0.10351e-07 0. e*00 C. e*00 0. e+0000
70 0.10351e-07 0.10351e-07 0.10351e-07 0. e+00 C. e+00 C. e+ 0000
90 0.FP143e-08 0.88143e-08 0.88143e-08 0. e+00 C. e+00 0. e+0000
90 0.36 389e-08 0.363 89e-0e 0.36389e-08 0. e+00 C. e + 00 0. e+0000
90 0.3f 341e-08 0.36341e-08 0.36341e-08 0. e+00 0. e+00 0. e+0000
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Ta,ble 2.4.6 (cont'd)

100 0.72683e=08 0.72683e-06 0.72685e-08 0. e+00 C. e*00 C. e*0000
110 0.36 341e-0P 0.36341e-0e 0.36341e-08 0. e +00 C. e* 00 C. e*0000
110 0. e+00 0. e+00 0. e+00 0. e +00 0. e * C0 0. e+ 0 000

end
fini
ptre
nevrerect.pelr.2.100
12e15.7)
0. e*00 0. e+00
0. e+00 0.10 00000e +02

fini
i
' thou,249

2 110 3 1 0 0
l n@n

velo,1,1
mein 11

1 0. e+00 0. e+00 0. e +00 0. e+00 C. e*00 0. e+00
2 0. e+00 0. e+00 0. e+00 0. e+00 C. e*00 0. e+00
3 0. e+00 0. e+00 0. e+00 0. e + 00 C . e *00 D. e+00
4 0. e+00 0. e*00 0. e*00 0. e+00 C. e* 00 0. e*00

I

i 5 O. e +00 0. e*00 0. e+00 0. e + 00 0. e*00 D. e+ 00

| 6 0. e+00 0. e+00 D. e +00 0. e +00 0. e* 00 D. e+00
7 0. e+00 0. e+00 0. e+00 0. e+00 0. e* 00 0. e+00
8 0. e*00 0. e* 00 0. e*00 0. e+00 C. e* 00 0. e+00
9 0. e+00-0.50200e*04 0. e+00 0. e + 00 C . e* 00 0. e+00

10 0. e+00-0.50200e+04 0. e*00 0. r + 00 C . e * 00 0. e+00
11 0. e*00-0.50200e+04 0. e*00 0. e+00 C. e* 00 0. e+00

mass
d yl o ,1,1
rect 2 0. 1.000 1

1

t imo or s it.1.0.1000e*01
auto def t
I nt e .n e ws ,0. 2 0 00e-05,0.e +00,0.e+ 00,0.1000e+ 00
stlf
st i f ,u p da
kinr.12
eierele2.6,3
k inr .5
loop.200

'
eerceltre
step
unbe
auto Init
l oop .2 0
stif
auto, load
toed
disp

ikinre10
eler,9,10 j

auto,serr,0.1000e+00,0.S000e+00
i f 3.3.1.1
entre!
aut oef ect
kinrel
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Table 2.4.6 (cont'd)

If,3,2,2,3
entre?
e ier .1
eent
got o ,0
entr,3
out o e s t ep ,0.1000e- 05,0. 2 000e-03,0.500 0e +00,0. 2000e * 01
f f,4,5,5,4

ent r et
I nt e ,n e wm , eu t o,0.e+00,0.e*00,0.e+00,0.1000e*00
entr 5
ff,3,6,6,7
entr,6
kInr.12
e t er ,5,2,6

k inr ,5

stlf,Init
goto,8
entr,7
chou
e ier .1. 2,4,6,11
k inr ,4,9,11

.

wrou
~

rer o ,1 r sb
unbeechecestop,0.5000e*00,0.2000e*02
If,3,3,9,9
entr,94

suem
eler,3
kinr,3
s t i f ,u p da
aut o , e n i t ,0.1500e-02

If,5,6,8,0
,

entr f'

cent
fini
stop

|

|
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D2.5 IMPULSIVELY LOADED RING

D2.5.1 PURPOSE
This example tests the BEAM and SilELL elements, by comparison with test results and

previously reported analysis results. Large displacement and strain rate effects are considered,
and the initial velocity loading option is tested.

D2.5.2 DESCRIPTION
Tests and analyses of a free ring under impulse (explosive) loading have been reported by

Witmer et al 12.5.1]. Analyses of the same ring have been reported by Hibbitt and Karlsson
12.5.2].

The dimensions of the ring are shown in Fig. 2.5.1. Initial velocities as shown were pro-
duced by an explosive charge.

The beam was made of 6061 T6 aluminum alloy. The static Young's modulus reported in
12.5.2] was 10500 ksi (7.239 x 10"' N/m ). For analysis, a bilinear stress-strain relationship was2

2assumed in (2.5.2]. with a yield stress of 42.8 ksi (2.951 x 10' N/m ) and a strain hardening
modulus of 78.7 ksi (5.426 x 10' N/m ). These values were used for the WIPS analysis.

For the analyses in both 12.5.l] and [2.5.2), high strain rates were assumed to increase the
yield stress according to the equation:

a, - a,, = a,, (|i|/6500)"" (2.5.1 )

in which i - extensional strain rate; a,, - static yield stress; and a, - dynamic yield stress.
The trilinear approximation used for the WIPS analysis is shown in Table 2.5.1.

WIPS analyses were performed as follows:

(1) Eighteen BEAM elements in half ring, no strain rate effect.

(2) Eighteen BEAM elements in half ring, with strain rate effect.

(3) Eighteen SilELL elements in half ring, no strain rate effect. 5 integration points through
thickness.

(4) Eighteen SilELL elements in half ring, with strain rate effect,5 integration points through
thickness.

D2.5.3 WIPS ANALYSIS MODEL

l D2.5.3.1 Geometry and Loading
i The' nodes and initial velocities for the BEAM model are shown in Fig. 2.5.1. The
! geometry and velocities for the SilELL model were essentially the same, but more nodes are

needed to defme the shell model (4 nodes, 2 each on the middle and outer surfaces, at each
nodal cross section).

Only motion in the XY plane was permitted for the BEAM model, and only one half of
the ring was analyzed. Symmetry was similarly considered for the shell model. The geometry
of the BEAM model was generated using the WIPS input modules. liowever, the geometry for
the SilELL rrodel could not be generated in this way, and it was necessary to set up the DATA
file by hand.

D2.5.3.2 BEAM Element Properties

For the assumed clastic strain hardening material, force extension and moment curvature
relationships were calculated for the BEAM clement cross section. The force extension rela-
tionship has the same shape as the stress strain curve, whereas the moment curvature
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relationship is curvilinear. The two relationships were approximated using four linear segments
each, as shown in Tables 2.5.2 and 2.5.3.

The procedure for determining strain rate properties for BEAM elements is described in
the Theory Manual, Section B4.4.2. With this procedure and the dashpot stiffnesses shown in
Table 2.5.1, the dimensionless properties shown in Table 2.5.4 were calculated. I

D2.5.3.3 SHELL Element Properties

The shell material was specified to be bilinear, as indicated in Section D2.5.2, with strain !
rate effects as in Table 2.5.1. Five Gauss quadrature points were specified through the thick-
ness in each element.

D2.5.3.4 Analysis Control Parameters

The Newmark solution scheme was used, with the following parameters.
Initial time step - 2 x 10-6 sec.
Minimum time step - 1 x 10-6 sec.
Maximum time step - 1 x 10" sec.

Initial #/Ar = 0.1
Lower midstep tolerance - 0.5 k
Lower midstep tolerance - 2.5 k

D2.5.3.5 WIPS Input

Table 2.5.5 contains the WIPSLOG listing up to the WIPS DATA phase for the BEAM
model with strain rate effects. Table 2.5.6 is a listing of the DATA file for the corresponding
analysis. Table 2.5.7 is a listing of the DATA file for the SilELL model with strain rate effects.
The WIPSLOG and DATA file listings for the cases with no strain rate were similar.

The initial velocities for the BEAM model were not specifiew in tne WIPS MODL phase
but instead were added by editing the DATA fi!e. This 5 os simpler than using the WIPS-
MODL velocity option.

D2.5.4 RESULTS

D2.5.4.1 BEAM Model

For the BEAM model. Fig. 2.5.2 shows the variation with time of the computed diameter
change for the first 2 milliseconds of response, plus analytical and experimental results as
reported in (2.5.21.

Figure 2.5.3 shows the undeformed configuration and the computed deformed shapes at
two different times, for the cases with and without strain rate effects (the shapes were drawn
using WIPS RSLT, then cut and pasted together). Analytical and experimental deformed
shapes at similar times have been reported in [2.5.21. Table 2.5.8 shows the value of a key
pararr.eter for the deformed shapes, namely the ratio of vertical to horizontal diameter.

Figure 2.5.3 and Table 2.5.8 indicate that when strain rate effects are included, the WIPS
analysis and the analysis reported in [2.5.2] agree well with the experimental results up to the
time of maximum diameter change at approximately 1.4 milliseconds. Beyond that time the
WIPS analysis predicts a slower rate of diameter increase (i.e., a less rapid rebound) than either
the experiment or the analysis of 12.5.2].

:

D2.5.4.2 SHELL Model
| For the SilELL model, Fig. 2.5.4 shows the WIPS results for the first 2 milliseconds of

response, plus analytical and experimental results as reported in 12.5.21. The analysis in [2.5.21
used a beam type of model, with monitoring of stress strain behavior at seven points through
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the beam depth. This model is closer to the WIPS SilELL model than to the BEAM model.
Table 2.5.9 compares the ratio of vertical to horizontal diameter for the analytical and experi-
mental deformed shapes.

Figure 2.5.4 shows that the WIPS analysis including strain rate effects follows the experi-
mental results closely up to approximately 1.1 milliseconds. Beyond that time, however, the
WIPS analysis predicts much more rapid rebound than was observed in the experiment.

Figure 2.5.4 and Table 2.5.9 again show that when strain rate effects are ignored the
analytical and experimental results differ substantially. In contrast with the BEAM model, how-
ever, the WIPS analysis results are in quite close agreement with the analysis results from
12.5.2).

D2.5.5 CONCLUSION
When strain rate effects are considered, the BEAM and SiiELL models gave similar

; results up to a time of 1.1 milliseconds, and predicted maximum diameter changes which were
close to those observed in the experiment. Beyond this, however, the results for this example'

are not encouraging, for the following reasons.

(1) The magnitude of the strain rate effect was much larger for the SilELL model than for
the BEAM model.,

(2) The SIIELL model with strain rate effects showed a much more rapid rebound than was
7

observed in the experiment and computed in the analysis of (2.5.2.].

For the BEAM element, this example involves much higher strain rates and much larger defor-
mations than will be present in typical pipe whip analyses. Because of this, it does not follow
that the BEAM element is unsatisfactory for pipe whip analyses. The results do, however, sug.
gest that before it is used for production analysis the BEAM element should be tested on adde
tional examples which are more typical of pipe whip configurations.

;
For the SilELL clement, the strain rates are still higher than would be expected in pipe

whip applications, but are not completely unreasonable. This is because the SilELL element is
intended primarily for ana'ysis of pipe to pipe and pipe to wallimpact, in such cases the impict
velocity could approach the order of magnitude of the initial velocity in this example. The '

behavior of the SilELL element should thus be investigated in more detail before production
impact analyses are performed.

It should be noted that analyses of shells with impact, large displacements, inciastic
behavior and strain rate dependence are extremely complex by any standards. Any analytical
studies of pipe to pipe or pipe-to wall impact will be very expensive and will require very care-
fut study to ensure that correct results are obtained. A part of such study should involve more
detailed checking of the SIIELL element.

D2.5.6 REFERENCES
2.5.1 Witmer, E. A., Balmer, ll. A., Leech, J. W., and Pian, T.ll.II., "Large Dynamic Defor-

mations of Beams, Rings, Plates, and Shells," A/AA /ournal. Vol I, No. 8, pp.1848-
1857, 1963.

2.5.2 liibbitt and Karlsson, " Analysis of Pipe Whip," Report No. EPRI NP 1208 Electric
Power Research Institute,1979.
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FIG. 2.5.3 DEF0P.MED SHAPES. BEAM MODEL.
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TABLE 2.5.1 - TRILINEAR APPROXIMATION FOR
STRAIN RATE EFFECT

Stress increase Strain Rate Dashpot Stiffness
(ksi) (sec-3) (k.sec/inD

0 0 2.0

8 4 0.0685

18 150 0.0108

TABLE 2.5.2 - STATIC FORCE-EXTENSION RELATIONSHIP
FOR BEAM ELEMENT

Force (k) Axial Strain Stiffness (k)

0 0 1560.00

6.420 0.00412 11.81

6.503 0.01121 11.80

6.987 0.05226 11.79

TABLE 2.5.3 - STATIC MOMENT-CURVATURE RELATIONSHIP
FOR BEAM ELEMENT

Moment (k.in) Curvature (in-') Stiffness (k.in')

0 0 2.0310

0.165 0.0812 0.2500

0.200 0.2212 0.0156

0.2125 1.0225 0.0155

TABLE 2.5.4 - DIMENSIONLESS STRAIN RATE
RELATIONSHIP FOR BEAM ELEMENT

Strength Increase Deformation Rate
Factor Factor

0 0 .

0.1869 972

0.4206 36450

2.9370 2i66 x 106
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TABLE 2.5.5 - WIPSLOG LISTING. ALL PHASES.

1
'

1

| 1

tAEC - WIPS EXECUTIVE;

l Creati ng pros les no. 1
l proolen descriptiont Ring wi th Initial Welocity.

Ntti wlPS-extC COM9ANO * geon

L: J M - 5PtCIFIC4f10N Ur SYSTEM GE DME TR f

Ust ine units
Lenotn Itteln.e mm) * Ine

e or ce Ikele.kgtekN) i K

Specity new GEDM data

SlaWI NON NJ. I
knter c.p. data in secuence al3ng run

c.3. name and type I a
coord opti on t di
n y,2 1 -1 2.9315
any changes? :

c .p . nave and type 8 1
no. of entra nodes
coord option 3 tn

** * e r r or - this option can be used only with tn points
coord option
c.o., dmedyedz :
ottset point def ault s to preceding c.p.
Any changes? * y ,

r eenter data f or tnis c.).

c.p. name and type : 1 tn
i o. of ext ra nodes :
coord option I tn
tn gener ated automat ically
any changes? I

c.o. name and type til tl
send radius 3 2.937S'
c oo r d option 3 dl
m y.2 8 2.9315 2.9375e

any change s? :

c.o. nave and type : 10 t n
no. of ext ra nodes 3 5
c oo r d option a tn
tn gener at ed aut omat ically
Any enanges?

c .p . name and type I tl2 t i
oend radius 2.9373

,
coord option 8 dl

{ n.y,z : 2.9375 -2.9375
' Any changes? 8

|
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Table 2.5.5 (cont'd) ,

c .p . name and type : 19 ti
no. of ent re nodes : 9
coord option : tn
t n gener at ed aut omat ically
any change s? :

c .p . name and type : 3
no. of ent ra nodes :
coord option di
n ever : -1 -2.9375
Any changes? :

c .p . name and type :
Last c.p. in this run? : y
Disolay Gtu9 data for th i s r un? : y

LtJM UAIA FJW RUM

rJn c.p. c.p. bend stra coord c.o. c.p.? coordinate data
n3. name t ype r adiu s 933s 30t I j ? undnep yedy 2.dz

!
a 3 di -1.030 2.938 0.

I tn 3 tn 3. 9. O.
t61 tl 2.936 3 di 2.738 2.938 0.

10 tn 9 tn D. O. O.
ti2 ti 2.938 3 di 2.939 -2.938 0.
19 tn 5 in O. 3. O.
o 3 di -1.330 -2.938 0.

tNO JF D&lA

S1445 k UN NJ. 2
tir er c.p. Sata in sequence al3ng run

c .3. name and type :
Last run? : y

Ulsplay new GEUM data? :
Wr6te in session log? :

M336ty Lt u9 data? :
,

Save current GE39 data? : y
Lanment for tile catalog p
GtJM DATA $4 VED. E ILE NAME = GEDM0101

Pr odu ce ,CUU4 data? : y

Ulsplay LUU4 data? : y

LJJ4 JAIA

run c.p. c.p. bend n3de a y ? 2
13. name type r as t us no. coord coor d ? coord

i

150 |
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Table 2.5.5 (cont'd)

1

I
a 1 -1 000 2.939 0.
I tn 2 3. 2 939 3. '

tel tl 2.939 2.738 2.933 3.
ceiter 3. 3. 3.

3 3.510 2.893 3.
4 1.005 2.763 3.
5 1.469 2.544 3.
6 1.888 2.253 3.
7 2.250 1 999 0.
5 2.544 1.469 3.

Hit wtlORN t er more
9 2.760 1.035 3.

10 2.993 3.513 3.
10 tn 11 2.938 3. 3.
ti2 tl 2.939 2.938 -2.935 3.

center 3. D. 3.
12 2.593 -3 513 3.
13 2 750 -1 . 00 5 3.
14 2.544 -1.457 3.
15 2.250 -1.555 3.
16 1.555 -2.253 3.

Hit WtIUW1 t er mor e
17 1.469 -2 544 3.
18 1.005 -2. 76 3 3.
19 3.510 -2.893 3.

Iv tn 20 3. -2.939 3.
b 21 -1.000 -2.933 3.

Egu JF Dala

Plot geometry? 8

M3dity GtJM data? 8

0414 COMPLETE FOR THI S SESS10N
Save final 3tUM data? I y
Co nse n t for tile cataloj 3 t ing . C.p. a-t-19-b, node s 1-21.
GhJM OAIA SA VED. F ILE N4ME = GEOM 0101

; Save LUUR data? I y
ca nme n t for tile catalog Fron GE040131
LJJR DATA SA vt0. F ILE NAME = C30R0101

tis et this GEUM sessioi

tXtl - WIPS EAECUTIVE

Ntti WIPS-tAtC CUMMAND E bets

6E4M SPtCIFICATION 3F BE4M PROPERTIES-

Def ine units
Length Ltteinememm) t in
Force ik,1bekgt,kN) Ik

Start new $E AM f ile

i

!

|
t

' '
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Table 2.5.5 (cont'd)

S3eci f y a new pr operty set? t y

Stl 4 0. . I
Property set de scr ipti on 1 280.125, 40.Susi, no strain rate.

Yle 13 sur f ace type (1-4) ($ Plt =1) *2
Weignt per unit length : 1.4483-5

klastic stif tnesses
t Am. bay,Ga r 2 1560 503 533
GJa,Llyetta 3 2.031 2.031 2.331

Strengths at first ylels
Fx,9xx,4yy.42r 6.375 .156 .156 .156

St ittnesses af ter first yield
to.GJxetly Etz 3 11.42 .229 .229 .229

Strengths at second yield
Pue9xxe9yy,Mzr * 6.17 199 .189 .159

Stettnesses after second yi e ld
hA.GJa Ely.Elz ! 11.41 .3149 .0149 .3149

Strengths at inird ylels
FxeMxx.Myy,Mzz 8 6.634 .231 .201 .201

Stif tnesses af ter third yield
tA,GJustly.Elz 11.4 .31485 .01455 .01485

Strain rate tactor s (3-3, $t it.nonel I
N3 strain rate effect
Use default tolerances? I y

41y error s? 8

liis set added to BEA9 tile

Ssecif y a new aroserty set? I y

561 10. = 2
Property ser descr iption 1.2e0.125, 40.5tsi, with strain rate.

Yle la sur f ace type (1-4) ($ fit =1) *2
Weight per unit le n gt h 3 1.44Fe-5

| klast ic st it tnesse st

t ax L Ay Ga r 8 1560 503 533
GJu s t ly e t t r 2.031 2.031 2.331

Strengths at first ylels
Fx.Mxxemyy Mzz * 6.0 75 .156 .156 156

Stif tnesses af ter first yield
tAebJxetly.Elr 8 11 42 .229 229 .229

,

) Strengths at second yield
! Fxe9xxemyyeMar * 6 17 .199 .189 .159

Stlttnesses af ter second yieId
tA,GJxetly,EIr 11.41 .3149 .3149 .0149

Str engths at third yield
ex. Max.Myy,Mzz 8 6.634 .201 .201 .201 ,

'

5tittnesses af ter third yield
EA,GJxetly.Elr 8 11.4 .01485 .01485 .01485

Str a6 n rate f actor s 10-3, $t it.nonel * 102F 38520 2.60Te6
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199La 2*9 g )aouq P(

7cJ Jasdoup tuo s3Jau62u 4e33cJs *IW96 '4209 2*6EL
nsa pa4en 3 ogaJsusasL : A

vLA sJJoJsL :

ILts sa3 eppap 30 elVh JflE

Gcast4A e uam dJccaJ3A saaL :

hc' c4 dJcdsJ3A sa3s tu 93th 41 la e 2

agsdleA dJocaJ3A sa3 passJ|c3|cusL : A

91th dNnnaMI A 0353htdlIChS
ta3 NO' 0assJ!d3tcu

I I'200'12G* g0*Smsgo uo s3Jetu Jeaa*
2 I*200'1248 40'custe ,g34 53Je|u Jets *

03sdgeA uap dJodaJ 3 A sa3 pe3eL : A

R:th dNndaMI A OVIV

tul kn* 1* I*2oC*174* tC'tMs t * uo 53J e tu Je3a*

pe3e tAda cs38 1 ue3e 2 0e3e E 083E 6

rb t3 mat 643 C*lttRa-04
3ses3ts avasovA*ovz C*lt908,04 O'GOCCa CE O'G00Cd+OEe

qrm*3IA*312 C*2CEla,01 0'20fla,CI 0*20Ela+CI
,tJs1 A|alC

4vewmuskAAswr2 C'9 C lG8,01 0'IG903,00 0'IG9Cd+0 C C 'IG903+00
1v*Srw*1IA*312 C* tit 2a,02 O'22603,CO O*226Cd+00 C*226C3+CC

sasoup Aqalp
4vswww*wAA*wzz C '9l f 08,01 O*!deCseCO O*IWtCa,CC C*lGfC4+00
ay gpweggAsat2 C *114 Ia,02 0 *146Ca-CI O'ib6Cd-01 C *16 608-01

tu gJ p Alagp

45*kaw*NAA*h22 c '94(4a 4 01 0*201Ca,CC O'ZOICd+C C C *2CIC3 +00
ayegpweggA air C * t 14 0a,02 0 't t eGa.CI 0'169Gd-01 C*149G8-01

sa q44uass aosaJeusa c'GC00a-01
Atalp 3claJeu34 C*2CC0a-01
rb tceptu6 3osaJeusa C * 2OC0a-01

kti matnMA JoJ uam3 sa3

%31 hn' 7' 1*2e0*IZG* 6C*Sws|* mt34 saJetu Jeaa'

re3e tAda 0E38 1 0e38 2 oe3e E 0e3e 6

puta mat 643 C*1440a-04
ggegag3 aymegyAegva C * 16 9 0a ,04 O'500Ca 0E O'G00Ca 0E

irtellA*3IZ C* 2C EIa 01 0'20fl aeCI O*20 Eld +C1
4tJs3 AtalC

4x awnwsuAAewzr (*SClGa,01 0'IG90a,00 O*1G90a+0C C*159Ca+00
1v 'trw *31 A* 412 C *1i t la4OZ 0*2260a,CC C* 226Cd+0C C *22 f CE +00

sa3 cup Alagp
4wshtuswAAewzz C *g140a,01 0'1960a,00 O*196Ca+00 C*t96Ca,00
ay.g.,xeglA*gIZ C * g i t td,02 0* tt p0a-CI 0* 146C 4-CI C *1 %tC8-01

ISC
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Table 2.5.5 (cont'd)

In tro yiels
Fx, Max,Myy,Mzz 3.6554e+01 0.2010e+03 0.2010e+03 3.2310e+00
EA.GJm.Ely,Elz 3.1140e*02 0.1495e-31 0.1485e-On 3 14S5e-01

Strain rate tactors 3.132Fe+04 0.3832e*05 0.260Fe+3T
Strength tactors 3. l s S9e+ 00 0.4 23 6e+ 00 0.293 Te+01
St it t ness t olerance 3.5330e-01
f e els to ler ance 3.2330e-01
Jn t3ading tolerance 3.2330e-01
Str. rate t olerance 3.S330e-01
Hit <tIUN4 tor next set
tiu JF DAIA

Display all proper ty set deta? !
Write in session log? *

Nyd $ TAM file created
Comment for file catalog I 2 sets

End this BEtM session? I y

LAEC - wlPS ERECUTIVE

Ntt e d lPS-t AE C COMM AND ! tree

><tc - SPtCIFY OY4AMIC 50tCE RECOROS

Def ine units
Length Itteinem mm) ino

F or c e fuelbekgt,kN) I k

Start new F4EC tile

$3eci f y a new record ? I y

i RECUR 0 NO. I

N e c or d name 14 characters) ! rect
uescr iptlon Imax. 40 chir.) ! Junmy zero record

E1ter Time-Force pairs
First pair automat ically set t3 3.0

Pair no. /1 10 0.
Pair no. 3:

Last pair? ! y
A1y errors ? *

S3ecify a new record ? !

Ulsplay any records ? I y

| Rec or d number I dt i t =a l l) !

NtLUWU NU. 1. Name e rect
time Force

O. O. e+00
10.00000 0. e+00

L10 UF WECURD

i
!
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Table 2.5.5 (cont'd)

write recorss in sessios 1337 :

tid tn 6s FNE C se ssion? : y
New >Ntl file created
L3 nme n t for tile catalog : I record

NJit: buuNDLRY CONDI TIO1 5 44 DRS WERE M43E IN THE FIRST 930L
ANU U4 I A RUN5. lHi CJRRESPJNDING P ART OF IHE WIPSLJG
FILt 4 A5 BtEN NtMJVEJ.

.

tAtt - WIPS E XECUTivE

Ntal dlPS-t AE C COMM ANO : mail

MJJL - SPtCIFICAi!UN JF A1LLYS!5 MODEL

Ust ine units
Length ltt einememm) : li
F or c e Ik e l b,k g t e kN) : E

Sequence no. of CUUR tile : 1

Ava ilab le element orooerty sets
lyse N3. of Sets
seas 2

Available seestructure 3r33erty sets
N on e

UtrlNt MUUtL IN StGMENTS

StbMtNT NU. 1

Pipe r un no. : 1
First c.p. 3t segment : 1
FJil 3D votion ? :
Displacement plane (xy,yr 3r rul : xy
Any substruc tures in this Segment? :
83undary con dition code f or first c.p. 131111

Saeci f y c.p.name * eles ty3e * os tional data
1: IV bean pr=1 Id=y ti=n3
2: 19 rero bc= lull!!
9:

Lid of segment? : y
Ulsplay coewands f or this segment? * y

MJJL LUMMAN3 TABLE

55bMt91 NU. 1. Run No. s I

c .D . eten optn d9ta opte data optn data
t

bcon 101111
19 been ,

prop I

|

!

!

!
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Table 2.5.5 (cont'd)

loci * Idis yes this no
wtac 1.000

19 zers
bcon 101111

Any enanges?

St4MtNI Nu. 2

Pipe run no. 8
List segment ? I y

Any enternal substructures? *

Olsplay connands f or all segments? I
wr6te in session log? 8

ProdJce MUOL file? 8 y
wait while data is processed

$3ecify init ial ve locities ?8
L3wient for tile catalog 10 strain rate. Welocities to be added.

MJOL f i le sa ve d. F ile name = MJOLO102
tid at this M00L session

LRtt - wlP5 EXECUTIVE

Nttl d l PS-t AE C CUM 1 AND 8 3311

FJ3L - $PeCIFIC A TION JF A14 LYSIS MODEL

Ost ine units
Length lit,In,m mm) ine

F or c e (kelbekgtekNI *u

Sequence no. of COUR tile 3 1

Available element property sets
lyse N3. of Sets
seas 2

Ava ilable SJbstructure 3r33erty sets
None

Ot> 1Nt MUUtL IN SEGMENTS

Si4MbNT NU. 1,

Pipe run no. 1

First c.p. at segment i1
Full 3D motion ? !
Olsplacement plane (my,yr 3r :=) xy
Any substructures in this segment? I
83andary condition code _ f or first c.p. 101111

53eci f y c.p.name * elem ty3e * os tional data

i
!
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Table 2.5.5 (cont'd)

II 19 beam pr=2 Id=y 't4=n3
21 19 zero bc=101111
st

End of se gme nt? I y
Ulsplay coenands f or this segment? * y

MJOL COMMAN3 TABLE

S=49t11 Nu. 1. tun No. = 1
c.o. eten optn data optn data optn data
I

bcon 101111
av bean

prop 2
13 c l * Idis yes this no
wtac 1.330

19 zers
bcon 101111

Any changes? I

SE6mtNI Nu. 2

Pipe run no. I

Last segment ? I y

Any external su b s t r uct ur e s f I

Uisplay coinands tor all segments? I
write in ses sion log? 8

Pr3 duce MuDL file? I y
Wait while data is processed

53eci ty init ial ve locities ? 8
L3nsent for tile catalog I d its strain rate. Velocities to se added.

MJJL t ile saved. F ile name = 43DLO103
Ena of this MUDL session

tAtC - WIP5 EAECUilVE

Ntti W IPS-t AE C COMM AND * dat a

Utl e - SE l JP WIP5-ANAL 198Ji 3 AT A

Def ine units
Length (f t eln eme mmt 8 in
For ce (m el b kgf.kN) I k

Sequence no. of MOUL tile 2

Probles description (4 linssi
Line 1 : Ring with Initial Velocity. No strain rate. GHP 12/82.
Line 2 :
Line 3 3

157 )
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Table 2.5.5 (cont'd)

Line 4
,

Set up P4USc files at eid St analysis ? I
Walt while f iles are or3 cessed

Specify data for each 13ades paint
LJ4D NU. 1

For ce rec 3rd nane i rect
Nane of 13aded c.p. I 1
For ce direction tx yez 3r f o l lower ) ! y
Sca le f act or (+,- controls direction) I 1
Ilne delay (sect (dtit=3) I

LJau NU. 4
Force rec 3rd name

Last l oac 't t y

Ilse steps t initi al + nau + nin * 2e-6 te-4 le-6
was steps + man total time 2 2300 2.9e-3
t r r or tolerances t upper + lower ! .5 .1

Aesults outsut intervais
Man. no. 3r steps 8 13
Mat. time (secs.) I 1

lit e3r ation scheme (news or hilb)(df ttenews) *
Uamping factor (dtit=0.1) t
Fact 3r for t ime step increase (dflt=2.0) I
Factor f or t ime st ep de:r e a se ( df it=9.$ )

Man. unbal. to reduce time stes (dtttano limit) *
Man. unbal. to stop analysis ($t it =no IInit) *

D4IA t ile se t como tete
C3nnent for til e catalog I to strain rate.
WI3S-4NAL DATA FILE 5 SET 03 PARENT FILE 149E = DATA 0102

tXEL - WIPS EXECUTIVE

Ntti W IP S-tXE C CDM4 AND t data'

SL I JP WIPS- AN AL 143JT 3ATADLIA -

Define units
Length L t t e in m,mm) I 19e

F or c e tuotbekgrekN) I k

Sequence no. or MUDL t ile 1 3

Pr3bles desc ription (4 lines)
Line 1 * Ri ng with In it ial Velocity. With Strain tate. GHP 12/82
Line t *

'

Line 3
Line 4

Set up PAUSE flies at eid 3r analysis ? 8
Walt while f iles are pr3 cessed;

158
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Table 2.5.5 (cont'd)

1

53ecify date for each 13aded paint

| LJ40 MU. 1

i For ce rec 3 rd name : rect
Mane of 13aded c.p. : 1

|
For ce dire ction (x,y r or follower) : y
Scale tacter (+ - controls direction) : 1
l ine de lay (sec) (dt it =0) :

LJ40 NU. 4
Force rec 3rd name :

Last load? : y

Ilwe steps : initial + nau * win i 2e-5 le-4 le-6
Man steps + man total time : 23C3 2.9e-3
t r r or tolerances : upper + lower : 5 .1

Mesults out3ut int erva ls
9an. no. of steps : 13
Man. time (secs.) : 1

Integration scheme (newn or hilbildftt=newal :
Uanping tactor (dttt=3.ll :
Factor f or t ime step in-r e s se ( df tt=2.01 :
Factor for t ime st ep decrea se (df it=0.5) :
Man. unbal. to reduce time ste3 (dttt=io limit!
Man. unbal. to stop analysis ($ fit =n3 li mi t !

0414 l le set comp le t e
Lowment for file catalog : d iti strain rate.
Wid5- AN AL 04 I4 F ILE S S ET 'JD. D4 RENT FILE N49F = DATA 0133

tA L- w!P5 EAECUf!VE

Nhtl dlP5-tXE C COMM AND : quit

................. ................. ............... .................

NJit: IME IN8UT DATA TJ THI5 PUINT Dfit5 NJT C3NT419 INITIAL
VELDLillES. fHESE 4ERt AD3ED =RY HANJ= USING THE UNIX
tDilud.

,

1

I

I
!

l

i
'
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TABLE 2.5.6 - DATA FILE LISTING. BEAM MODEL WITH STRAIN RATE EFFECTS.

hCHJ0103 SLUG 0103 4 SL T 0103
star,

gDul
n en ma in.non t , car t,0

substructure name = ma h
rern.20

2 0. e+00 0.293FSnDe+01 3. e+00
3 U.S103914e*00 0.2 892 9 73e +01 0. e+30
4 0.10046H4e+01 0.2 7S3 3 47e +31 0. c+30
S 3.19697S0e+01 0.2S437S0e+01 0. e+30
6 0. lee 9188e+01 0.2253255e+31 3. e+00
1 0.2t>3256e+01 0.1883189e*01 0. e+30
8 0.25459S0e+01 0.1439FS0e+01 0. e+33
9 0.2tb334Fe+01 0.1034S84e+01 0. e+30
to 0.2592R73e+01 0.5103713e+30 0. e+30
11 0.293FS00e+01 0. e+00 0. e+30
12 0.2s92e73e+01 -0.5133 714e+30 0. e*30
13 0.2 /63 34 7e +01 -0.1004 bet e +01 3. e+00
14 0.254 3 950e+01 -0.14S$ F 50e+01 0. e+30
IS 0.2250 2SSe +0 ! -0.1893188t +01 0. e+30
lb 0.1sBS189e+01 -0.22S3256e+31 0. e+30
11 0.1969IS0e+0! -0 2S45750e+01 0. e+30
to 0.1004684e+01 -0.2733347e+31 0. e+00

l 19 0.SIO3913e +00 -0.2 892 9 73e +01 0. e+00
to 0. e+00 -0.293FS00e+31 0. e+30

9999j

|
Doan,tJ

2 101111
3 1110
4 1110
> 1110
6 1110
t 1110
8 1110

' 9 1110
l 10 1110
l 11 1110

12 1110
is 1110
14 1110
IS 1110

| 16 1110
l 11 1110
| 15 1110

19 1110
to 101111

9999 111111
ensa,0
wati,2,64
0. 2 003 0003 3 e * 010. 4 9997 99 F 0 s- 010. e*000. e*000. e+00
3. e * 000.19999999 b e - 010.199 999996e-010 .23309999 0e * 010. 22 9000 002 e+ 00
0.196999995e-010.14 847 9999e-010.156000003e*000.198999996e+000 231030035e+00
0.500300000 e * 030.20 309999 0e + 010. 229000002 e * 000.14 899 999 5 e-010.14 8499999 e-01
0 13 60 0000 s e+ C00 18 8999996e * 000. 201000035 e * 000.5 0003 0003 e + 030.23 3099990e+01
0.2dV330002e+003.148999998e-010 198499999e-010.156030033e+033.198999996e+00
0.20100000Se+000. r * 300.15 6000033 e * 343.114200001 e * 020.114099 995 e+02
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Table 2.5.6 (cont'd)

0 1 t J9 f 999 6e + 020. 60 747 9991 e + 310. 61700003S e +313.66 33 7999 2 e + 010. 4 7 99999 70 e-010. e+C00. e+000. e*000. e+000. e+00U. e+C00, e + 000.14 4 6 00036e-04 3. e+000. e+000. e+C00. e*000. e*000. e*000. e+000. e+C00. e+000. e+000. e+000. e+00 'O. e+000. e+300. e+000. e+00
0.400UJUO00e+010.999979970e-310. e+003. e*003. e+003.

e+ 000.199999996e-310.199999976e-310 233079973e+010.229000002e+00
0.14 9999995e-010.14 847 9999e-310 156000033e+000 198999995e+000 231003035e*00
0.s u o300000 e + 030.20 3099970e + 310. 229000032 e + 000.14899999 d e -010.14 84 99999 e-01
0 13 6J J000 $e+ 000 16 d999996e + 0 00.231000005e + 000.5 0003000 3 e +033 23 309997 0e+01
3.t t 90 30004 e+ 000.14 899999B e-010.14 84 99999e-010.15603000 3 e + 000.19 8999996e+000 20100000Se+000.

e * 000.15 6000000 e + 040.11420000l e + 020 114 099998e+02
0. l l 399999 te+ 020.60 7499991e + 010.6170n0038 e *010.663399992 e +010.4 9 99999 70e-01
0. s J000 0000 e + 010 10213 0030e + 3 40.38 5200003 e *350.260 730003 e +0 70.19 6903005e+ 00
0.4 2 05 9 999 /e + C00. 29 3 73 003 4 e + 010.14 4 8 90036 e-0 4 0. e*000. e+000. e+C00. e + 0 00. e*000. e+000. e*000. e+C00. e+000. e+000, e+000. e+000. e*UOO. e + 0 00. e+000. e*03elen,1

1 le 1 1.00
1 0 0 0 2 3 2 1 0 0 1 13. e+000. e+000. e+000. e+000. e+000. e+00
2 0 0 0 3 4 2 1 0 0 1 10. e+000. e+000. e+000. e*000. e+000. e+ UO
3 0 0 0 4 5 2 1 3 0 1 13. e+000. e+000. e+000. e+000. e+000. e+00
4 0 0 0 5 6 2 1 0 0 1 10. e+000. e * 0 00. e*000. e*000. e+000. e+00
S 0 0 0 6 7 2 1 0 0 1 10. etC00. e+000. e+000. e+000. e+003. e+00
6 0 0 0 7 8 2 1 0 0 1 10. e+C00. e+303. e+000. e + 00 0. e+00U. e+00
t 0 0 0 9 9 2 1 0 0 1 13. e+000. e+000. e+000. e*003. e+000. e+00
8 0 0 0 9 to 2 1 0 0 1 10. e+000. e+000. e+000. e+000. e+000. e+00
9 0 0 0 13 11 2 1 0 0 1 10. e+ C00. e+000. e+000. e+000. e+000. e+00

10 0 0 0 11 12 2 1 0 0 1 1U. e+000. e*000. e+000. e*000. e+000. e*00
11 0 0 0 12 13 2 1 0 0 1 1

0. e+ C00. e+000. e+000. e*000. e+000. e+00
12 0 0 0 13 14 2 1 0 0 1 1

0. e*000. e+000. e+000. e+000. e+00

i

|
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C91

OCes *0 00 a *C
(1*Gli71

00l*2*JtedelsaJeJnat
a J)G
1614
pua

0000+a *C 004a * C 00+a *C 00,a * C 00 e3 'O 00+a " O 00 7
0000 a *C 004a 'C 00+a * C 60 304 2 9 4* C 90.a0129 t* 0 90.au17R 4 * o 007
CC00 a *C 00 a *C Ou,a *C 60.aleG96* C 90 416G96* 0 90 814496*0 06 I
CCCO,a *C 0048 *C 00,a * C E0 814 G9 6* C 9 C.414496* 0 R0 814G9 6* 0 CEI
0000+a *C 00,a *C 004a *C 60 814G96* C 9C 814496* G 90.al tG96* 0 Os t
CC00,a *C 00,a *C 00,a *C 60.al4G96*C 90 316G96*O 90.altG96*0 C91
0000+a * C 00 a *C 004a * C EO.al*G96* C WC si t496* O 90 at 4%96* 0 CGI
0000,a *C 00,a *C 00,a *C E0.altG96*C SC.alts96*0 go.altqq6*0 cgt
0000,a *C 00,a *C 00 a * C 60.al*G96* C W C.al tG96* O 90 31449 6* 0 or !
0000,a *C 004a *C 00,a * C E0.al*G96* C B C 8 t tG96* 0 9 0.a1449 6 * 0 071
0000+a *C 00,a *O 00,a * C E0. alt G9 6* C GC.314496* o R0 01449 6* 0 01 1
0000+a *C 00e3 *C 00,a *C E0.al4G96*C SC 314496*0 90.attG96*O ODI
0000,a *C 00,a *0 00,a *C go.al*G96* C 90 31 tG96* 0 90.al gq96* 0 C6
0CCO,a *C 00,a *C 00,a *O 60.al*G96*C 90 416G96*0 Wo. alt %96*C CR
COC0+a *0 00+8 *C Ou a *C E0.algGg6* C 90 316G96* 0 H0.al gG9 6* O c; i

CCC0+a *C OO4a *C 00+a *C EO.al*G96*C BC 314496*0 GO.algq96*O 09
0000+a *C 00+8 *C 00,a *C SU.aleG96* C 90 414496* 0 90.a14496* 0 CG
C0CO,a *C 00,a *C 00+a * C 60.aI 4%96 * C B C 514%96* O 9 C.314446* 0 06
CCC0+a *C 004a *C 00,a *C sC.a16G96*C GC.aI4496*O W0 814G96*0 CF
0000+a *C 0048 *0 00,a *C E0 80129t*C GC.a012Hb'O W0 8047At*C 02

0?*SEad
utet*pau

trca
1L14

utrusag;3
aCCa
ILt4
pus

JcJd
oldcapJou

00+3 *0

00,a *000+8 *00C+8 *000+3 *000,a *0

I I O O I 2 02 61 0 0 0 AI
01 a *0

00+4 *C00+a *00C+8 *000+8 * 000 + a *0

1 1 0 C I 2 61 El 0 0 0 ft
00,a *O

00+a *CC0+a *000+8 *C00+4 *000*8 'O

I I O O I 2 91 21 0 0 0 91
00+a *O

00 a *0C0+a *000,a *000 s *0004a *O

I I O O I 2 21 GI O O O GI
00+3 *o

00+a 'CC04a *0004a *0004s *000 a *0

1 I O O i 2 91 GI O O O 41
00+a "O

00+a 'CC04a *000+3 * 00 0 + 8 *000ea *O

I I O O I 2 GI 41 0 0 0 FI
00,a a r,

i

(Piluoa) 9 9'2 aL9El
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legta 2*S g )3ouq,p(

c* a 00 0*t00cocca+C2
elbl
14Cn*tel

2 IEZ E 1 0 C
uphu
Aatc*I81
setu L

20+ 8+00 *99GEC0a4C60* a,GCC' a ,000 * a,000* a,00
F *ttAOCta+04 *9l4966aeCtC* a+0CC* a + 000 * a,000* a,OC
4 *2E4Egga+04=*96F6ltaoC60* a+0CC* a + 000 * a,000* a+00
G .*Ft79G08+04 *%6F4Sfa+C60* a,00c* a,000* a,000* a*00g . g OGc2a,04 *%246los,060* a,00C* a+00C* a,000* a,00
2 *4266403+06 *t4CGC2a+04C* a+0CC" a,000* a,000* a+00R * 4169G 6a+04 *262260a,060* a,00C* a,000* a*000*mess

pAIC*I*I
Ja31 2 0+ 1*CC I

2
itnoeJs13*t080*t0008+01
enaC*pa4g

t u3 a *u am** O*2 300a_OG *0* a,00'C *a,00 0.10cca CC8 o
s394
s3t4*ndne
= t LJ *12
alaJ818289*E
aggJeG
loCC*200C
23JCe|3Wa
s3ac
nuCe
en3C* tut 3
loCd*20
s3fJ
en3Cegcep
|oep

otse
u lLJ *l O
agaJegega
en3C'kaJJ*0*t300a,0080'GC00s+0C
g4egeF*I'l
au1J et
en3oe4933
y |tJ ot

|4'F*282*f
ay3Jep
a g aJ 81

I
1 3ob3

60308c
au32*F
ena c es n ad* 0* t 000a.0% * 0* lC0Ca-0E * 0* 500Ca,OC* 0*Z00Ca+01
14***G84*4
au3J 84
g ua a 'b amw * * er aoe 0* a,00* O* a o C C *0* a,00 *0* l0CC a,00
au3J8G
14'F'989*l
au3J 89
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Table 2.5.6 (cont'd)

|

=lir.le
eInr.>.e.6
m im r .3
stir.init
goto.5
entret
ch3u
e inr l .2.4.6.11
mlir.4.v.11
wrsu
zercotrsb
unsa
suna
e Inr .3
m tir .3
s ti t .u pca

autoseult U.2900e-02
it.5.5.8.0
entres
C09t
tisi
stso
DAl40103

I
i
I

.

|

:
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TABLE 2.5.7 - DATA FILE LISTING. SHELL MODEL WITH STRAIN RATE EFFECTS.

| ECbCSpr0 SLEG5R00 RSLTSR00 PAU55R00 P4UZSR00
| Star rause

; abul
new rinq,nen), cart,0,100,100i

|
trell element example - f ree ring ... rate dependent mall

| refn 76
IC. e+000.293900000e+010. e+00
2C. e + 000 .2 9 3800000e +01 . 6000 00000e +00
3C. e+000.300000000c 01 .60000000Ce+00
40. e+000.300000000e+010. e+00
5C.510178346e+000.289336518e+010. e+00
bc.510178346e+000.289336518e+01 .600000000e+00
7C .52 0 c4 45 33e + 000.2 954 42326e+ 01 . 600 000000e +00
6C.52Cc44533e+000.295442326e+010. e+00
9C.1rC48551Re+010.276081692e+010. e+00

I CC . l c C 69 5516e + 010.2 7e081692e +01 . 60 0000000e +00
110.102ece043e+010.281907786e+01 .600000000e+00
120.10260 60 4 3e + 010.2 9190 7 786e +010. e+00
13 0.1' t.4000 C0e +010 .2 54 43 8 264e +010. e+00
14C .16 t c00000e +010 .2 54438264 e +01 . 600000000e +00 '

15C .15 0 000000 e+010 .25980 7621e +01 . 600000000 e + 00
ItC.15r000000e+010.259807621e+010. e+00
170.1 F t e%10 C0e + 010 .2 2506 3 P57e +010. e+00
l e f .1 P F S S1000e +010. 2 25063 P57e +01 . 600000000e +00
190 . lo 2 a 3 e 2 d ?e + 010 .2 29813 333 e +01 . 600000000 e +00
2 C C .19 2 F ? 62 83 e +010 .2 29313 333 e +010. e+00
21 C .125 06365 7e + 010 .188351000e + 010. e+00
220. 225 06 3557e +010.188851000e +0? . 6000 00000e+00
2 3 C . 220 P 133 33 e + 010.19283 6283 e +01 . 600000000 e + 00
240. 2 24 9133 33 e +010.19293 6283e +010. e+00
25C.254436264e+010.146900000e+010. e+00
2 tr .25 4 43e2 64 e+010.146900C00e +01 . 600000000e +00
2 70 .2' 9 80 7621e+010.15000 C 000e +01 . 600000000e +00
2EC.259807621e+010.150000000e+010. e+00
29 C .27 t 061692 e + 010.100485516e + 010. e+00
3 C C . 27 t 081692 e +010 .100485516e +01 . 600000000e +00
31 C .2 P 100 7786e+010.102606C43e +01 . 600000000e +00
320.2P 100 7786e +010.10260 6043e +010. e+00
330 . 2 F 9 330519e + 010 .5101783 46e + 00 0. e+00
3 4C .2P 9 336518e+010.510178 346e +00 . 600000000e+00
35C .295 4423 26e+010.5 20944 533e+00 .600000000e+00
36 C . 295 44 2326e +010.5 2094 4 533e +000. e+00
37C .293 P00000e +010.6 40459 853d-16 0. e+00
?6C.293a00000e+010.640459253d-16 .600000000e+00
390.300000000e+010.653975343d-16 .600000000e+00
4 0 C . 30000 0000 e + 010 .6 5397 5343 d -16 0. e+00
410 .2 0 9 33 e 518e + 01 .51017 834 6e +00 0. e+00
4 2C .2 e 9 ?36518 e+01 .510178 346e +00 . 600000000e+00
+ 3C .295 4423 26e+01 .5 2094 4 533e +00 . 600000000e+00
4 4 0. 29 5 4 4 23 26e + 01 .5 2094 4 533e + 00 0. e+00
45C .2 7t 001692e +01 .10048 5516e +010. e+00
460 .276 001692e +01 .100485 518e + 01 . 600000000e + 00
4 70 .2e l *0 7786e+01 .102606043e +01 . 600000000 e +00
4 8 C . 2P 1907786e + 01 .10260 6043 e + 010. e+00
4 90.25 4 438 2 64 e+ 01 .14 690 0000e +010. e+00
5 00 . 25 4 4 382 64 e + 01 .146900000e + 01 . 600000000e + 00

I
r
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Table 2.5.7 (cont'd)

51C .2' 9 P0 76 21e +01 .150000000e +01 .600000000e +00
520.2?9907621e+01 .150000000e+010. e+00
5 30.22 5063857e+01 .188851000e +010. e+00
54 C. 225 06 38 5 7e +01 .188851000e +01 . 60 0000000e +00
5 50. 225 P13333 e +01 .192836283e +01 . 600000000e + 00
56C.229P13333e+01 .192836283e+010. e+00
5 7C .1 r >P510 C0e +01 .2 2506 3 e 57e +010. e+00
560. l e P 6 51000e < 01 .2 25063 P 57e +01 . 60 C000000e + 00
5 90.192836283 e + 01 . 2 29313333 e +01 . 60 0000000e + 00
600 .102836283e +01 .22 5813333 e +010. e+00
610.16 6 9000 C0e +01 .2 5 443 8 264 e + 010. e+00
62C.14 t c00000e+01 .254 43 8264 e +01 . 600000000e +00
63C .1' C C00000 e +01 .2 59807 e 21 e +01 . 600000000e + 00
e40.15CC00000e+01 .259807621e+010. e+00
65 C .1C C 42 5518e +01 .2 76081692e +010. e+00
660 1C C 48 551 ee + 01 .2 76081692e +01 .600000000e +00
6 70.10 2606043 e+01 .2 81907 786e+01 . 600000000e+00
e 60 .102 e 060 43e + 01 .2 8190 7786 e +010. e+00
690.510178346e+00 .289336518e+010. e+00
7CC .6101783 46e+00 .2 89336518e +01 . 600000000e +00
710.52Cc4 4533e +00 .2 95442326e +01 .600000000e+00
720.520e44533e+00 .2 95442326e +010. e+00
73C.126 0c19 71d-15 .293300 000e +01 c. e+00
74 0.1260919 71d-15 .2 93800 000e +01 . 600000000e+00 -
750.130795069d-15 .300000000e+01 .600000000e+00
76C.130795069d-15 .300000000e+010. e+00

bcun 10
5 000111 4 69
6 001111 4 70
7 001111 4 71
6 000111 4 72
1 100111
2 101111
3 101111 1 4

73 100111
74 101111
75 101111 1 76

enodel
mati,1,3e
1.0, 3.0, 0.1, 0.1, 0.3
9.66e-5, 0.1, 0.0, 0.0, 10.4e+3
79.7 0.C, 0.0, 0.0, 0. 0
42.e, 1.Cc+10, 0.0, 0.0, 0.0
0.0. I .0, 6. 84 9e-2, 1.0 769e-2, 8.0
19.0, 1.cc+10, 0.0, 0.0, 1.0
0.0, C.O. -1.0, 0.0, 0.0
0.0
elee,1
20,1 E 1.5. 2. 3. . 1.0

1 0 0 0 1 5 6 2 4 ~ 8 7 31.1.1.5

2 0 0 0 5 9 to 6 8 12 11 71,1,0.5

3 0 0 0 9 13 14 -10- 12 16 15 111,1,0.5

4 C 0 0 13 17 18 14 16 20 19 151.1,0.5

168



__

Table 2.5.7 (cont'd)

5 0 0 0 17 21 22 18 20 24 23 191.1.0.5

6 C 0 0 21 25 26 22 24 28 27 231 1.0.5

7 0 0 0 25 29 30 26 28 32 31 271 .1.0.5

E o 0 0 29 33 34 30 32 36 35 311,1,0.5

9 C 0 0 33 37 38 34 36 40 39 351,1,1,5

10 0 0 0 37 41 42 38 40 44 43 391.1,0.5

11 0 0 0 41 45 46 42 44 48 47 431.1.0.5

12 0 0 0 45 49 50 46 48 52 51 471,1, 0.5

13 0 0 0 49 53 54 50 52 56 55 511.1.0.5

14 C C 0 53 57 58 54 56 60 59 551,1,0.5

15 C 0 0 57 61 62 58 60 64 63 591.1,0.5

16 0 0 0 61 65 66 62 64 68 67 6 31.1. C. 5
|

17 C 0 0 65 69 70 66 68 72 71 671,1,0.5

16 0 0 0 69 73 74 70 72 76 75 711,1,0.5

nord
prof
end
fini
mbui
newering
Deas.3E

1 2.4C?2e-9. 2.4032e-9, 2. 4 0 32e -9
2 2.6 C 32e-9. 2. 40 32 e-9. 2.4032e-9
5 4.PC65e-9, 4.8065e-9, 4.60 65e -9
6 4.FCoSe-9, 4. 00 65 e- 9. 4.60 65e -9
9 4.PCe5e-9, 4.6065e-9, 4.E065e-9

10 4.PCeSe-9, 4. 00 65 e-9, 4.8065e-9
| 13 4.Pc65 e-9. 4.3G65 e-9, 4.80 65e -9

14 4.Ere5e-9. 4.8065e-9, 4.8065e-9
17 4.C Ce5 e-9, 4.0065e-9 4. 80 65e -9
10 4.ECe5e-9, 4. 80 65 e-9 4.8065e-9

.

21 4.F CeSe-9, 4.80 65 e-9 e 4.80 65e -9
| 22 4.80 65e-9. 4.3065 e-9, 4.8065e-9

25 4.f Ce5 e-9. 4.80 65e-9, 4.6065e-9
26 4.F0e5e-9 4.8065e-9, 4.80 65e -9
29 4.f C65e-9, 4.8065e-9, 4.80 65e -9
30 4.2065e-9 4.J0 65 e-9 4.8065e-9
33 4.fGeSe-9, 4.6065e-9, 4. 80 65e -9
34 4.F0e5e-9 4. 80 65 e-9, 4.8065e-9 ,

37 4.F065e-9. 4.8065e-9, 4.8065e-9
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Table 2.5.7 (cont'd)

e 30 4.P0e$e-9, 4.8065e-9, 4.8065 e -9
41 4.EceSe-9, 4.8065e-9, 4. 60 65e -9
42 4.PCe%e-9, 4.9065e-9, 4.8065e-9
45 4.FCeSe-9 4.8065e-9 4.6065e-9
46 4.ttt5e-9, 4.8065e-9, 4.6065e-9
49 4.Pfe5e-9, 4.8065e-9, 4.80 65 e -9
50 4.CCt5e-9, 4.9005e-9, 4.80 65 e -9
53 4.PCeSe-9, 4.8065e-9, 4 6065e-9 )54 4.P065e-9, 4. 80 65 e-9, 4.8065e-9 (5 7 4.F CeSe-9. 4.80 65 e-9, 4.2065e-9
58 4.PCPSe-9. 4.8065e-9, 4.8065e-9
61 4.fCC5e-9, 4.dC65e-9 4.6065e-9
62 4.PCeSe-9, 4.8065e-9, 4.8065e-9
e5 4.FCeSe-9, 4.8065e-9, 4.80 65e -9
e6 4.Ere5e-9, 4.8065e-9, 4.6065e-9
69 4.PCe5e-9, 4.6065e-9, 4.00 65e -9
70 4.CCe5e-9, 4.8065e-9, 4.6065e-9
73 2.4032e-9, 2.40 32 e-9, 2.4032e-9
74 2.4 032 e-9, 2. 40 32 e-9, 2.4032e-9

end
fini
*cce
tree ,r inc

fini
thou,741

1C00CC OC O 200000006860 00 0300001
idyn
Pass
tieo.5rir,1C00,0.0001
vele l.0
1,16

1 0. e+00 .665300e+040. e+000. c+000. e+003. e+00
2 0. e+00 .665 300e +040. e+030. c+000. e + 000. e+00
5 .11c001e+04 .6 74 8E9e +040. e+000. e+000. e + C00. e+00
6 .11000le+04 .6 74 889e+ 040. e+000. c+000. e+C00. e+00
9 .234386e+04 .643971e+040. e+000. e+000. e + C00. e+00

10 .23 4356c+04 .6 43 9 71e+ 040. e+000. e+000. e+C00. e+00 |13 . 3 4 26 50e+04 .5 93 48 7e +040. e+000. e+000. e+C00. e+00 i

14 . 3 4 2t 50e +04 .593 4 8 7e+ 040. e+000. e+000. e+000. e+0017 . 4 4 05 02e+04 .5 24 970e+040. e+000. e+000. e + 003 . e+00
le .4 405 02e+04 .5 24 970e+040. e+000. e+000. e+000. e+00
21 .? 2 4070e+04 .4 40502e +040. e+000. e+000. e + 000 . e+00
22 .5 2 49 70e+04 .4 40 502e+040. e+000. e+000. e+000. e+00
25 .41ce 59e+04 .2 42 290e+040. e+000. c+000. e + C00.
26 .41ce gge,og. 242 290e+040. e +0 00. e+000. e+003. |auto,cefi

Inteer e we ,0. 2e-5,0. 0. 0. ,0.1
stif
stif,Lrda
kinr.12
eier.1,2,6,3
kinr,5
loop.20CC '

rerceltre '

step
unba

i

170

_



_ .-- -_ . _ _ . _ _

Table 2.5.7 (cont'd)

auto init
Icep 30
stif
auto. load
load
disp

;

kint.10
eimr.5,1C

i
autoeverr,0.5.2.5
If,3,3,1,1
entr el
suto fact
kinr,1
if,3,2,2,3
entr.I
elmr,1
cont

,

goto,0
entr.3
autoester l.0e-6.1.0e-4
If,4,?,5,4

,

entr,6
I nt e e re wm e ,a uto,0.0.0.0.0.0.0.1 |

1

entre!4

If,3 t.6,7
entr,e

kinre12
eler 5 2 6
kinr,5
stif,Init

! goto.E
entr,7
cheu
eImr,1,1,4,6,11
kinr,4,9,11

i wrou
{ zero 1rsb

unba;

i if,3.3.9.9
' entr,9
i surm

elmr,3
kinr.3

i
stIfsupda
aut o,e m i t ,0.0028 '
I f ,5,E ,0,0

entr.E
CCnt
fini
stop
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TABLE 2.5.8 - BEAM MODEL
RATIO OF VERTICAL DIAMETER TO HORIZONTAL DIAMETER

CASE RATIO
Experiment [2.5.2] Time - 1.14 msec.

0.393
WIPS with strain rate Time - 1.14 msec. 0.391 |
Analysis with strain rate [2.5.2] Time - 1.14 msec. 0.406
WIPS without strain rate Time - 1.17 msec.* 0.358
Analysis without strain rate [2.5.2) Time - 1.14 msec. 0.333
Experiment [2.5.2) Time - 2.58 msec.

0.657
WIPS with strain rate Time - 2.57 msec. 0.519
Analysis with strain rate [2.5.2] Time - 2.58 msec. 0.613
WIPS without strain rate Time - 2.45 msec.* 0.466
Analysis without strain rate [2.5.2] Time - 2.58 msec. 0.423

'Results output was requested only every 20 steps. These were the closest available output
times.

(

| TABLE 2.5.9 - SHELL MODEL
RATIO OF VERTICAL DIAMETER TO HORIZONTAL DIAMETER

CASE RATIO
! Experiment 12.5.2] Time - 1.14 msec.

0.391
WIPS with strain rate Time - 1.10 msec. 0.431
Analysis with strain rate [2.5.2] Time - 1.14 msec. 0.406
WIPS with strain rate Time - 1.10 msec. 0.325
Analysis without strain rate [2.5.2] Time - 1.14 msec. 0.333
Experiment [2.5.2) Time - 2.58 msec. 0.657
WIPS with strain rate Time - 2.6 msec. 0.849
Analysis with strain rate [2.5.$ Time - 2.58 msec. 0.613
WIPS without strain rate Time - 2.6 msec. 0.395
Analysis without strain rate 12.5.2] Time - 2.58 msec. 0.423
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D2.6 PIPE IMPACT ON INCLINED SLAB STRUCTUREo

l

|

| D2.6.1 PURPOSE

| The purpose of this example is to test the SLAB substructure option, the impact analysis

| option, and three-dimensional motion of the PIPE element. Large displacement and contact
friction effects are considered, but strain rate effects are ignored. The SLAB substructure is
divided into only a small number of elements, to reduce the computation cost, and has been
modelled assuming an elastic material.

The example has been chosen to test the computational procedure only. There are no test
results or other analytical results available for ccmparison.

D2.6.2 DESCRIPTION
A pipe with the same geometry and properties as that in Section D2.3 has been assumed,

except that full three-dimensional motion is allowed. A flat slab is located beneath the pipe,
inclined at 45 degrees to the horizontal so that the pipe moves out of-plane and slides over the
slab after impact. The dimensions are shown in Fig. 2.6.1.

D2.6.3 WIPS ANALYSIS MODEL

D2.6.3.1 Pipe and Slab Properties
The pipe progrties and pipe element subdivision were exactly as for the pipe considered

in Section D2.3, ignormg strain rate effects. The slab was assumed to be of steel. 3 inches
thick, with a very high yield strength. Boundary conditions for the slab were assumed arbi-
trarily to test the boundary condition specification in the WIPS-SLAB phase. A 3 x 5 finite ele-
ment mesh was arbitrarily assumed. This mesh would be too coarse for a practical analysis.
For sliding after impact, a coefficient of friction of 0.4 was specified.

D2.6.3.2 WIPS Input
Table 2.6.1 contains the WIPSLOG listings through the WIPS-DATA phase. Table 2.6.2

is a listing of the DATA file.
The data for this example was prepared on a VAX 11/780 computer at the University of

California. A copy of the DATA file was then transferred by tape to the CRAY computer at
Lawrence Livermore National Laboratory, and the analysis was performed on the CRAY. A
formatted file containing the results output was produced (in fact, two files because the CRAY
analysis was stopped and restarted). The output file was then transferred by tape back to the
VAX, and incorporated into the RSLT file using the WIPS-MERG option. Finally, the results
were processed on the VAX using WIPS RSLT.

D2.6.4 RESULTS

D2.6.4.1 General
it is important to note that the purpose of this example is to test the impact analysis

features of WIPS, not to obtain realistic results for pipe to-slab impact. There are two features
of the model which would be questionable in a practical impact analysis, namely (1) the coarse-
ness of the finite element mesh and the assumption of elastic behavior for the SLAB substrue. -

|

|
ture and (2) the fact that the pipe was modelled as a series of PIPE elements rather than with )

j an ELBO substructure.
This second feature is particularly important when the calculated impact forces are con- |

sidered. In an actual pipe to-slab impact, substantial local deformation of the pipe will occur
'

| (and possibly alto of the slab). This local deformation will have a major influence on the

|
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impact forces. When a model using PIPE elements is used, local deformations of the pipe are
ignored; and, as a consequence, the calculated impact forces are likely to be completely unreal-
istic (almost certainly much too large). Further, the calculsted forces for such a model may,

'

depend on ti!c integration time step used in the analysis, and possibly on other analysis assump-
tions. Impact analyses using PIPE or BEAM elements may predict the pipe motion with rea-

i sonable accuracy (although even this remains to be proved). They will not, however, predict
accurate impact forces.

D2.6.4.2 Pipe Motles

The complete model is shown in Fig. 2.6.2, with the undeformed shape and the deformed
shapes at two times after impact. At the second of these times the pipe had moved off the slab.
In the following step the analysis stopped because of convergence problems. Fig. 2.6.3 shows a
part of the model in more detail at three times during the interaction, beginning with the initial,

; impact at 0.071 seconds. This figure shows that the pipe nodes cross boundaries in the slab
. mesh (the primary surface for the impact analysis).
'

The views in Figs. 2.6.2 and 2.6.3 are projections on the X-Y plane. Fig. 2.6.4 shows a
, part of the model (essentially the same part as in Fig. 2.6.3) but projected on the Y-Z plane.'

This figure indicates how the pipe translates and twists out of its original plane after it strikes
i the inclined slab. The lines representing the slab in this figure show the deformed positions of
j the slab center line at the four times.
i

D2.6.4.3 Impact Forces
I Fig. 2.6.5 shows the variation with time of the calculated normal impact force, up to 0.1
, seconds. Immediately after impact the variation is erratic and the calculated forces are very'

large. The pipe then bounces down the slab, successively separating and re establishing contact.
| Further contact occurred at about 0.12 seconds, but is not shown on the graph.
I
{ D2.6.5 CONCLUSION

This example indicates that the contact analysis algorithm in WIPS performs as intended,
! preventing the secondary nodes (in this case the PIPE nodes) from penetrating the primar) sur-

face (the SLAB substructure). It must be emphasized, however, that contact analyses are
extremely complex. Until more experience is gained, the results of contact analyses should be,

j interpreted cautiously, particularly the calculated impact forces.

!

i

h

|
.
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Pipe dinandians as in Fig. 2.3.1.
See WIPSLOG listing for other details.

!

FIG. 2.6.1 PIPE IMPACTING INCLINED SLAB.
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FIG. 2.6.2 DEFORMED PIPE AND SLAB. COMPLETE SYSTEM.
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FIG. 2.6.3 DEFORt1ED PIPE APID SLAB. PART OF SYSTEM.
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!

Only the part of the pipe T=.071 sec.
from nodes 15-19 is shown
(see node numbers in Part
(b) of the figure).

Only one line of nodes
near the slab center-

T=s[eg-line is shown, tg

1E

T=.t 9 , , a)sec.

(b)-

e
T=.t

>c .

c) Y

Z

i

(d)

FIG. 2.6.4 DEFORMED PIPE Af40 St.AB. PART OF SYSTEM. EllD VIEW.
i
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TABLE 2.6.1 - WIPSLOG LISTINGS. GE0M, MATL, PIPE, SLAB,
FREC, M00L, AND DATA PHASES.

.

LXtt - WIPt f).UUllVL
treating probisu no. I
Frobles oe sc r i,t len t P l;c 1.,ac t ins ir.c l ine c al L.

NE X1 blPS-LKE L 00MMAhL t wees

GLur - SPtCIFICATILA LF SYLit:1 GLLNi1RY

Define units
tongth (f t. ire.e nal a ine

Force (k 1L k3f khl I k

5ptc i f y new LauN det.

S T APT R UN NO. 1
E ntcr c.p. de.a in stuucnce alcnq run

c.p. na w.e .nd type 1
ccora optica i di
Asye2
Ar.y change s] !

c.p. name at J type 1 3 in
nc. of extr. nodes 8 1
ccord opticn I
tn ge ner ate. autca aticall,
Any changes? !

c.p. ndse anJ type I til Li
bend redius 8 36
ccord option
c.p., dx dy.d2 1 1 14e

Any changes? !

c.p. name end type i t in
nc. of extr. noden i !
coord oktich !
in ge nerate J autcast icall,
Any changes 7 I

c.p. nen.e .oJ typt b in
nc. of entr. noden 8 1
ccord optiou !
tn ge ner ated autcs.aticall y
Any changes? !

c.p. name and type 1 til ti
bend raulus . 36
ccord opt ion 1
c.p., dandyed: 1 LIl 0 *14b
Any changes! !

c.p. name staJ type 1 11 in
nc. of extr nodes * 2,

! ccord opt io;6 3
in ge ner ated autce t icall v
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Table 2.6.1 (cont'd)

ar.y c har.qe s; *

c.p. n.6e .no type 1 20 in
nc. of catt. ncue s t 4
ccor d op t ion i

tn geriersted Outcuatsuallv
Any changes? t,

c.p. nau.e and type 17
nc. of txtr nodes !
coord option ! Cu
c.p.i. c.p. J. propor t ion * 16 19 33333
Ariy chanqus? t

c.p. n an.e . r. J type 1 13

nc. of extr. ncdes 8
ccoro optiot, i cu
c.p.Ie c.p.J. propcrtien * IL 19 .66667
Ar.y c hange s? 1

c.p. nane ahJ type a 133 ti
bcnd radius 1 36
ccord option t
c.p., dxedy.J: I tl2 31S
Any changes? I

c p. nas.e anJ type 8 l'J cn
nc. of extr. ncdes I
ccor d opt ioin 2
tr gener ate 2 autcoatically
Any changes? i

c.p. naa.e and type 1 23
no. of ex tr. node s I
ccord option 1
c.p., dxedyed2 * tl3 C 142
Any changes? *

c.p. nas.e and type 1
L dst c.p. in .lais run? * y
Dist lay GEOM Jata ter this run? * y

GEur DA14 F0k Muh

run c.p. c.,. cend atra cccrd c.p. 6.p .? ccor d inate d ta
no. n se ty,e redlus noJs opt i i ? x.ox.p y.dy 1.es

1

1 2 03 0. L. O.
3 t i. 1 in O. L. C.
til El 3t.000 0 of 1 72.C00 b. O.
6 ta 2 in J. v. O.
a to 1 in O. u. O.
til ti 3t.000 0 of til 0. -14n.;Cu 0.
Il t ie 2 in O. O. O.
16 to * in O. O. O.
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Table 2.6.1 (cont'd)

i

1

I
i

|

17 4 cu 16 19 0.333 6. O.
le cu lo 19 0.667 0. O.

Hit kEIL4h fct rcrt
tI3 ti LL.CC6 ; ci t il 315.0C0 6. C.
19 tn in O. 6. C.
20 L uf 183 0. 142.JLO 0.

E hD CF 041A

51Ahi RUN hu. 2
Enter c.p. o... In scuatace .leng run

c.p. nom,e anJ type I
Last run? I y

D i sp l ay new L uN det.? I

Write in sessian los? t
Modi f y LELM u.ta? *

Save current C'DH de*.? I y.

Ccoment fcr f ile cat. log-

GEDM DA1A 5AV.U. F ILC N AHL a CLDM0101

Procuce CLOR Jata? I y

Display C00R Jata? I y

CUDR DATA
i

run c.p. c.p. scnd node a y 7 s
n me type ractus no. coorJ coor d? coordno. a

1

1 1 0. O. C.
2 18.000 0. O.

3 tn 3 36.C00 0. O.
til tl 36.aC0 72.000 0. C.

; cenler 36.000 -36.000 C.
4 S4.000 -4.823 0.'
S 67.177 -18.000 0.

6 n 6 72.000 -36.000 C.!.
7 72.000 -74.000 C.

8 in 8 72.C00 -112.000 0.
Hit RElbRh fcr more

,ti2 il Jb.;eo 72.000 -148.000 C.
center 103.0G0 -112.000 0.

9 76.623 -130.000 0.
j 10 90.0G0 -193.177 0.
t 11 tn 11 100.000 -148.000 0.'

12 15s.600 -146.000 0.
Is 205.200 -148.000 0.
14 253.bOC -146.000 0.
15 302.400 -146.000 C.

10 *n 16 301.000 -14a.000 C.
Hit kElbMN fcs racte

'
i

!
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Table 2.6.1 (cont'd)

,

li 17 3o9.00C -143.177 0.
le le 302.177 -130.00u 0.
ti3 ti 35.300 Jo7.LGG -146.006 C.

cantes J51.000 -112.000 C.
19 in 19 3d7.G0J -112.000 0.
26 20 387.C0C -6.000 0.

EHb CF DAT A

Plot geometry? 8

Modify LEbH c.ia *t t

DATA CLMPLEll FCh 1H!b SL551Lil
54wt final GE"H date? * s
C omm e n t for flie cet lot * Pl&c as in MILDitt Fig.4.12.
G L LM DATA SAV'u. FILE hA:M = CLflM0101.

Save CubN dat.? * y
Coma.ent f or f ile cataloj t Frue GLOM 0101.
C00R DATA S AVL'U. F ILE bAHL = CLOR0101

Eno of this L'UN ses,1cn.

EXLC - WIPS EXCLUTIVL

htXT WIPL-LXEC LLMMAhG t quit

............... ........................................................

EXEC - WIPS EXELbilVE

NE XT WIPS-E 3 EC CUMM Ah0 . w.tl

MATL - SPECIFILAllUh LF HAitkIAL PROFER11LS

Define units
Length (f te lnes ess) * 'n
force (kelb.kgf,hh) 8 -

Star t new MATL f ile

Specify a nem property set? I y

SLI NO. 1=

Property se t Juscripticr. 8 Hiubitt seter ial, no s tr.in r etc.
Static modull (min =2emam=S)

26T00 219 2
Vielo stren ths (no. cf s& cull rinus 1)

26.7 44
5 train rate stiffncsse, (ain=0,maa=3)

to strain r.tc effect
Ose default toler.nces? * y
Poisson r at ia (dfit .3)a

Weight ce n s it y tefitssteel) *

184
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Table 2.6.1 (cont'd)

Any err or s? *

This set added to MATL file

Spec if y a new property set 2

No. of proper ty sets in NATL file 1=

Display property set deseri,tions? I y

M AIL PRLPikiy DL1CRIPT AC:.5

Se t Ac. Ty,e De>6tiption
1 nr . Mituitt materiale no s tra in r ete.

Display new property se t deta? 8 y

N ATL PRLPERTY DAT A

SLI NO. 1. tilbbi t t seter l.1. no str ain rate.
Matl Data Scam Nadulus or Str e s s/ S tr a i n
Type Type tau. Loe f f icient L im i t
aroa

Jtatic 1 0.2610e +0 5 0.2070e+C2
I 2 0.2190e*03 0.440Ge+02

3 0.2000e+01
std.tol. C.2000e-01
.tif tcl C.$000e-01
sate tol 0.5000e -01
,alsson 0. 3000e + 0 0
Junsity 0.2 8 40e -03

Hit RETURh f or next set
E ND OF DAT A

Display all property se t cata? 8
Write in session 1o97

New MATL file created
Comment for f ile cat. log :

End thi s Mall bcssicn? I y

EffC - WIPS EALCUTIVE

hE AT WIPS-LXEC 00MMAhD 8 m.tl

MATL - SPECIFICAllLh 0F flAILk! AL Pk3PERTit5

Define units
Length if t.Inerecal : in
force (k.Ib.Lgf,kh) : k

Emisting MAIL file bcIn; eatended.
No. of existing propurty segg a 1

|
l

l
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Table 2.'6.1 (cont'd)

.

Spec if y 4 ne. prcparty se t t t y

2$ll Nb. =

Pr oter t y set .tscrip;icn 2 l Ltic noterl.1 fcr slab.
S t a t i c p.od u l i (m i n a . .::,.x * i f

30000 30;

Dield st r e n.th s (nv. cf scouli minus 1)
* Ic 20

5tr ain rate stif f ne sse, ( a i n .0.se ax = 3 )

*

Nc strain rate cffect
use def. ult toler.nces7 5
field t ole r .:sce (of i t=.te ) * .C2
Stiffness L lcrenct (ctits.05) .05
Pcissco r atis (df): .3) :.

We ight den s ity (ofit. steel) *

Any ertcrs? 8

This set addeJ tc NAll file

Specif y a new prcperty Let? I

No. of pr ope r .V seth its 't AIL 'lle 2=

Display property set deterigticns? I y

M AIL PRLPE RTY DL 50:!Pl!U4L

5e t ho. Ty,c Description
1 mroc Hibbitt mater ial, no strain rate.
2 mrs. E lastic mates 141 f or sl.a.

D isplay new psuperty set da ta? * y

M AIL PRLPtkTV DA1 A

SET hu. 2. *'lastic r teri.1 for 51.b..

N4t1 Det. sc ani Modulus or 5ts e ss/L trein
lype Type ho. Coefficient- Limit
stot

.tatic 1 U.3000e*05 0.1000e+41;

! 2 0.3000c+03
,td.tcl. U.2003e-01
.tif tc1 U.$C0Jt-01
rate tol 0. e400
,alsson 0.3000e*00
Jensity C.2843e-03

Hit kEIORh fos neat 401
END OF DA1A

Dis & lay all pru;erty set dete? *

.

Write in se ssisn Ic4?
!
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Table 2.6.1(cont'd)
|
\

|

l
I

|

l

Existing MAIL 1 ilt tatenJto
C omn e n t f or f isc cotalo, I

End this MAIL session? I y

1 Xt C . h lPS Ee' 0011%E

f:E T.1 WIP S-E EL LCMMAhG t .uit

.........................................................-.-....----....

LALC - WIP5 EA'tullVE.

NE AT WIP 5-L XEL LDMMAh0 t pipe

SPLCIFICA110h CF PIP; e'F:0PEk!!ELPIPL -

Define units
Le ng t t. titein r.nul in
Fcrce (k,1bek2fekhl i L

No. of MAIL property se t; e d.Ilable = 2
D isplay meter ial descr iptions? I y

M AIL PRLPERTY ut 5CRIP110t45
Set No. IV,u De scr iption

1 mroe Hibbitt seter ial e no strain rate.
E1. tic meterlel tot s1.b.2 mrow ,

St.r t new PIPL file

Specify a nem property set? y

1SET NO. =

Property set Juscriptien 24sch1CO. no stra in rate e so.Il oval.
Outsice dieut*er I 24
Wall thicknsas t .531
height / unit length lofitesipe weleht) *
Nc. of X se%Llon elencats (dfit=12) t
hater ial nuuber : 1
L.rge oveillag (ves cr nul? Idf1tenol t

use def ault cvallins preserties? I y

Any e,rror s? 8

This se t added to PIPE file

Specify e ne. prcper*y satt t

No. of proper ;y sets in PIP file = 1
,

Disslay property sot de eristicos? * s.

PIPL PRtPLRTY UL 50t lP1tC45
set hc. D..crictlun

187

|. ,



i

|

Table 2.6.1 (cont'd)

1 is.ch1CC. ns strain rate, so.Il evel.

Distlay ntw psurestv se* odte? * y,

PIPE PMJPLN1Y DATA

$LT NO. 1. Ogsch1CO, na strain rate e small oval.

Leta st em kodulus or $ tress / Strain
1Ype Hc. Date value Llait

Outsido a l er.u t e r 0.240ue*02
hall thichnt>> 0.531ee*00
Unit m isht 0 1112e-01
ho. of Llements 12
ho. of sl ict s 2
Stress v strein 1 0.2670e+0S 0.2670e+02

2 0.2190e+03 0.4900e*02
3 0.2000e*01

Poissoe. ratiu 0.3000e+00
L4rge ovallin; no
Lvallis.a r.tius 1 0.3500=*00

2 0.3000e-01
Hit REluRN fcr next set
E ND OF LAIA

Oistlay all praperty set cata? 8
Write in session log? 4

New PIPL file credted
C ons e nt for f ile catalcs *

End this PIPE sesslun? y

[XLC - WIP$ L A' CU11VL.

NE X1 mIP $*E REC COMMAAD : quit

........................................................................

EXEC - WIP$ Ea.tullyt

i kEK1 WIPS-L1EL CLMMAh? 8 el.L

$LAt * $PLCIF ILAllCh LF $L A* PkCPEP11E $

Define units
Length ifteltiesesel 8 in )
Fcrce lhe1L A4fekhl ak '

No. of MAIL pruretty se t, e velldble * 2
Display m.ter ial descr ipt ians? 8 y

' Mall pal.PLR1V DE 1Li lPilL:.L

,
$et No. ly,u Ltscr6ption

|
I
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Table 2.6.1 (cont'd)

1 mrur blusitt a.tesIsle no str.lh rete.
2 mr w El.st ic m.ter ial f or simo.o

St.rt new SL A'; file

Specify a nem property set? t y

SE1 NO. 1

Substructure Joscr iptico t Instined slab
Lensth of sid DA 8 60
Lensth of sics Le luJ
Outer str ip wlJiht (ptcpartions of OA)
Left strip 8
klyht strip

Outer strip widtns iproportions of 06)
Bottom str i, t .2
1cp strip * .2

No. of subdivisicns alon, J1
Lenter stri, t 3

No. of subdiv isions 41cn4 31
Iirst str ip 3 1
Center stri, t 3
Last strip 3 1

Slab thicknes t 3
No. of baus a ,alnts thr u thickne ss

Center region 1 2
Outer regicn> t 2

Direction cosines of LA.Lb
OA (3 value.) 8 0 -1 1
08 (3 v.lue.) I 1C0

Coords of point 0 ( A.Y J v luss) 267 -196 -10
Boundar y code. (f ree.hina sclopesymyesyya ect syan)

DA 8 free
BC hing
te a clap
AC free

Material set number *4

Any errors? 8

inis se t addeJ to SLAo file

Specify a new property sett 1

No. of prcper .y se t s in '4 A0 f ile = 1

Olsplay property set deteri;tlens? I y

SL At PHL'PER1y DE lte.lPl!Lish

Set No. (sacription
1 inclinec slab

Display new paupert, c.ta? * */

Stat PNLPLEIT UAI A

|

|

L
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Table 2.6.1 (cont'd)

<

SLT NO. 1. !HcIIned slab
F ir st Center Lest
Strip Strip Strip

widtns .lon, OA e+u0 3.LoCCe*0i G. e+co..

widths alon, Db J.20CJe+02 0.000Cc+02 0.20CCe+02
L lese nts al.u', L A 0 3 C
Llesents along U; 1 3 1
T hick ne sse s 0.30CJe+01 0.30C0.*C1 C.30Cce+01
kc. of G.us. points 2 2 2

3 Y 2
Direction c sines

Lo e DA J. e+CG -0.7011.+00 0.7071e+C0w

Edse 00 C.1000e+01 0. e+00 C. e+00
Ccordinates of U C.2d 70e + 03 -0.1960.*03 -0.10 CCe+02

Bcuno.ry co.us UA SC = f ree, hing
boundary codes LB, AL = clep, free

Hit REIORh for next set
EhD OF OA1 A

Display all pr'aperty dat.? 8
Write in sessian Icq2 :

New SLAB file created
C ons e nt for f ile catalca a

~

End thi s SL Ab hessicn? I y

LILC - WIP5 E1LCU11VE

j hE X1 WIP S-L XEC LCPMAND 8 ault

........................................................................

EXEC - WIP5 LA'UUTIVE.

hE ET WIP S-LXEC LOMMAhD s frec

FRLC - SPECIFY DYNAMIC FLkst CLCORDS

Define units
Length ift lu.a.es) In
Force (kelt.Lsf.kh) : k

Star t new FRLC f ile.

Specify a new accuro 7 8 y

NLCCRD hu. 1

!

Record nasie is char acteral 8 ecol
De scription thax. 40 cnar.) I tilbb i tt recor d , max.100Ch .

Entta i nnie-Fo rce p.ir a

190
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Table 2.6.1 (cont'd)
:

First p.Ir 46.sost it a l l's se t tc O 0
0.ir no. < t .LCo* ct.
F.ir no. 3& .001 os0
Pair no. 4 I .092 1003
F.it no. St .093 Leo
P ir rio . b .005 7:0
P ir no. ?I .0i 430
0.ir no. E I 10 430
Pe ir no. 9 :

Last pair? I ,

Any errcrs ? *

Specify . new recorc 't t

Display any r6 Lords 7 8 #
Reccro number (df1taall) t

RLLCRD h0. 1. Neue = rec 4
l ime Force

C. J. =+00
C.00010 C.650Ce+03
C.00100 J.G800e+0a

,

' C.00200 J.1000e+C9
C.00300 0.0000e+03

i C.00500 0.7800e+03
0.02000 0.4300=+03

10.00000 J.4300e+0J
END OF RECURD

i W r i t e r ecor d s in se s s ion 10,7 *

E no this FREC he ssicn? : y
New FkEC t ile 6 teated1

' C ons en t fcr f ile cat ica

EXEC * WIPS LKLCU11VE

NEAT WIPS-LxEC CDPMAhD 8 ault

........................................................................

EXEC - WIPL EX'.LUllVi

HEAT WIP5-EXEC COMMAhG t 4001

MUCL * $Pf LIFICA11Ch 0F ANALY015 MUCEL

Define 6 nits
Length (f t e la,seon ) in
Fcree (helb,kslekh) 8 L

5ey6ence no. of CC6k f ile 8 1

Available element proper ty be t s
lype ho. of Se ts

f

I
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Table 2.6.1 (cont'd)

pipe 1
Av.ilable sub.truc turo prcpwr ty sets

Type fio. of tet.
slab i

DLFlhE MOLL L 1:1 SLLPCh15

5E GME NT Nb. .

Pipe run no. *1
F ir s t c .p. of segmcnt i1
Full 3D motion 7 8 y
Boundar y condition code ter f irst c.p. I 111111

Specify c.p.n c + elon tyve + uptional dat.
It 2D pipe pr=1 Ic., thana
25

Enc of segmen.7 8 y
Display comradhJs for this sequcnt? I y

MUCL COMMAND TADLE

i SELPE NT Nb. ;. kLn I.o. = 1
'

c.p. eles cptn c ta optn cata cptn dat.
. 1
'

bcon ;11111
! 2C pipe

prop 1
loci m to Idis yes this no
wfac 1.J30

. Any changes 7 8
1

SEGMENT NO. J

Pipe run no. *
Last se9 ment? * y

Any enternal outst Lctures) 8 'd
Specify substructure type * optional det.
1* s1.b pra. Iday thino

More enternal substructLres? *
Display commands f or caternel substructures? 8 y

M00t COMMahD TADLL

E11L&NAL SUD51ROCTokCL
type optn d.ta optn d.ta cetn Jata
slab

prop i

n.re S;0; IJis yes this not

ufac 1.J.b
|

Any changes? !

Distlay cosm.nds for .41 se,ments? 8
write in sessian Ics; i

|
|
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Table 2.6.1 (cont'd)

|
.

;

Produce MLDL file? I y
wait un ite da.. is prcce, sed

Impact analysis reuulreJ 78 y
No. of impac t buffesc kairk 1 1

SukfACE PAIR 3J. 1

Surface p.ir name I sur!

Define primar. surf.se
Substructurw nene 8 5C31

SL At substruc care, proper ty sct nc. 1

3Divisions .lanc LA =

Divis ions along Lb = 's
Alicwable grid ranse encas CA = 1 tnrJ 4
Allcmable gri. rense .laas Le = 1 tnra o
De f ine gr id r.nges

0A 8 1 4
08 8 16

Thickne ss f rom nodes to Jur f ast 1

Define second.ry neocs
Scbstructuro n.me (ofit . molnl

Main structurs. Def ine c.p. ranges
Run nc.. cer.l. c.p.2 1 1 16 19
kun no., c.. 1. c.p.4 :

Last range 7 8 y
No. of impac t node s = 9
Thickne ss f rou node s to aut last t
Fr iction coelficient (cfit.4erol 8 .4
Sliding veloc. f or f ull f r iction t ofit=50in/ sect 100

Any errors 7 8

Specify initi.I welccities ? 8
C omm e n t for f!!c cat.lc4 8 WILT Inclined si.L.

MUDL f i le savsd. F ile n.ue a 110DLC101
End of this MCUL session

LXEC - WIP5 CALCU11VE

kEXI WIP5-EXEC CDPMAhC 8 auli

........................................................................

LREL - hlP5 CALLU11VE

NE XI WIP 5-LXtL 00PMah0 t J.L.

DA1A - SE1 UP WIP5-AteAL 1hPUI LATA

Define units
Le nst e. If t. ite.n ens i t i t.
force Ikelb.L9f sh) Ik

,

193
i
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Table 2 S.1 (cont'd)

S e q6 e rit e rio. .f MocL f i le A

Pret lem riescr I;,t luri ( a, l i tie ,)

L Irie 1 les. of lap.ct is.tur e . Pitt as lh Hibbitt F lu.4.12 w i th slaL.
L ir.e 2 8 51. .' at 45 us,rev .e,41e below slbum. .ppr ua ls..te ly So ln c le ar ance.
Lit.e 3
tir.e 4 i

Set up PAUSE files .t enJ s! analysis 7 1
Wait al.Ile f i le s ar e 6,ru.e ssed

Specify d.to f ar e.ch luactJ Saint
LU AL hd. I

Force recor. naec reel
htme of toeJad c.p. 4 2C
Fcrce dir ec .lon ta e),; or f olloner) I full
Fcitumer c.,. nect Is,

Scale f.c tor (+, control a direc tion) * 1
ilme ce ley .sec) 4 ftt=0) *

LUAL hu. 2
Force recor J name I

Last load? 8 ,

T ime steps ! Inittel 4 maa + tein 8 .0005 .CJ1 .00001
Mas sit ps * e.x total t lue a 200 .1
Error toleranses t upper + lower 8 253 50

Resbits outpu- Inters.ls.

M.n. no. of steps 4

Mem. time t.ccs.) t 4
Integratlun 5.huse (ne.E ct hilb)(cfitenews) *
Dessing factor (cfit.0.1)
F actor for tice step increa se (ofit=2.0) *
F.ctor for tihu step decre se (dflt=0.5)
Man. unbal. to reducu t ime stop (dfttano limit) *
Man. unbal. Le stop analysis (dfitano limit) *

DATA file set complete
Cons ent for ilic catalc; I With inclined slab.
WIPS-ANAL DA1 FILt $ Sci UP. PANEh1 FILL MAhi DATA 0104.

tatt - WIP5 E8:LUTIVE
.

'

lit 41 WIP5-6 ALC *.UPHAh3 * aul t

........................................................................

4

I

|

!

l
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TABLE 2.6.2 - LISTING 0F DATA FILE.
PIPE IMPACTING INCLINED SLAB.

ECH00101 SLL.0101 ksL70401
star.
93ui
ns w.5001.non i 6.r t .0.4 9.1's
sinb substructure. n nee = 6301

refn.49
10.2t70030 tlc +03 .19t00JCott+03 .13300uo00e+J2
20.2 b70000CJe+03 .19693939tc+03 .b93933964e+ 31
33.207000000e+03 .212;4/13tc+030.414213562e+01
4 0.2 870000UOc+03 .2110814 sic +030.52027959de + 01
50.2 b70000CLc +03 .2eb2852 71c+030.13284 / 712 e + 02
60. 2 8 70000 Coc + 03 . 24 $223 610 t + 030.193 449306 e + 02
70.2 8 70000Coe +03 .24042o4 3 7e *030.324 26 4069e *02
8 0.2 b 7000000e + 03 .249365 753(+ 030.334 870662e + 02
90.3070000C9e+03 .19eJ00000c+03 .133000000e+a2

100.3070000L0e+03 .1969tJ34tt+03 .893933964e+01
113 307000000e+03 .212:4213 tc + 0 30.414 213S L2 e + 01
12 0.3070000u3c+03 .211081482c+030.5202 79598e+01
13 0.3070000Cbe +0 3 .2462842 71c +030.132 84 2 712 e + 02
140.3 070000L0e+03 .245223610c+030.193449306e+ 02
150.3 07000000e *03 .2504 2u43 7e *030.324 26 4069e + 02

,

160.307000000e+03 .239365753t+030.334870662e*02
170.3270000G0e+03 .198300000c+03 .103000000e*32<

180.3270000C0c+03 .19693934L(+03 .893933964e+01
193.327000000e+03 .21214213tc+030.414213562e+01
200 32 7000000c +03 .2110814 bit +030.52J2 79596e*01
210. 3 2 70000 Cue *03 .24 6284271t+030.18284 e 712 e + 02
220 327000049e+03 .24S22361Le*030.193449306e+02
233 32 7000000e+03 .24042o43 7c+030.324 264069:+02
240.327000000e+03*.2J9365753e*030.3348706b2e*32
250.347C00000c+03 .19800J00Ct+03 .133000000e+J2
260.347000000e+03 .196939340c+03 .893933964e*01
27 3. 3 4 7000000e +03 .21214 2130c +030.414 21 JSb2 e * 01
28 0.3 4 7000000c + 0 3 . 2110B a t e lt* 030.S 20279596e + 01i

290.347000000c+03 .246284271e+030.182842712e*02
300.3 470000CQe*03 .24S22361Cc+030.193449306e* 02
310 34 7000000e +03 .24042o40 7e+030.324264069e+02
320.347000000c+03 .249365753t+030.33487ubb2e+02;
330.36 7000000e +03 .19e30J300c'03 .133000000e+32
340.367000003e+03 .196939340t+03 .893933964e+01
353.367000000e+03 .21214213te+030.414213562e+01
36 0.367000000e+03 .2110ba 480e*030.52027959de+ 01
370.3670000 llc +03 .2db;b4271t+030.152844712e+02
380.367000000c+03 .2eb223610c+030.193449306e+02
390.3bF000003e+03*.290426407e+030.324265069e*02
400.367000000e+03 .2493657S3t+030.334870662e+32
410.3870000G3e+03 .19800J00Cc+03 .103000000e*32
420.387000009c+03 .19693'734ct+03 .893933964e+01'

! 4 33.3 b 7000000e *03 .21214 213te +030.414 213Sb2 e + 01
44 0.3b T000000c +03 .211084 482c+ 030.520279598e+ 01
450.3b7000009e +03 .24628s;iit+030.10284 4712e+ 02
46 0.3B F000000e+03 .22522361Lc+030.193449306e+02
4 73.3 b7030000e +03 .2904 2640 7e+030.324264069e* 02?

480.3b7000000e*03 .2J9365753t+030.334870662e+32
9999

| b3une34

i

!

!
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Table 2.6.2 (cont'd)

1 0C0111 1 4L
3 OC0111
4 000111
5 000111
6 000111

43 111111
44 oCC111
4S 111111
46 OC0111

9 111111
10 111111,

17 111111
16 111111
25 111111
26 111111
33 111111
34 111111
15 000111
16 0C0111
23 OC0111
24 000111
31 000111
32 000111
39 000111,

to 000111
4

1 111111
2 111111
7 0C0111
8 OC0111

41 111111
42 111111
47 111111
48 000111

9999 011111
cnod.1

9999
emode0 '

matl.1.36
0.100030 000 e + 010. e + 000.199999996e -010.500000007e-010.299999962e *000.283999980e-030 e+000. e+000. e * C00.300000000e +0 S

l 0.300030030e+033. e*00C. e+000. e+000. e+00
j 0.100030032 e +210. 999999930 e +200. a+000. e+C00. e+000. e+000. e*000. a+000. e+C00. e +00

C. e*0CD. e+000. e+000. e*C00.100000000e+31
0. e+003. e+30 .100000000e+010. e+C00. a+000. e*00
elemel

20 15 1 2 1 0 1.00
1 0 0 0 1 J 11 9 I 4 12 10 1 1 0 20. e+000. e+00C. a+00
2 0 0 0 3 5 13 11 4 6 14 12 1 1 0 2

0. e+000. e+000. e+00
3 0 0 0 b 7 15 13 6 8 16 14 1 1 0 20. e+0CD. e+000. e+00
4 0 0 0 9 11 19 17 10 12 20 le 1 1 0 20. e+000, e+00C. e+00

l ,

l

196
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Table 2.6.2 (cont'd)

!

i
,

S 0 L 0 11 13 21 19 12 14 22 20 1 1 C i

0. e + 0 C'. . e+300. e+00
6 0 ( 0 13 15 23 21 14 16 24 22 1 1 0 2

C. e+003. e+300. e+00
7 0 t c 17 19 27 25 16 20 20 26 1 1 0 2

C. e+0CO. e+000. e+3G
8 0 0 0 19 21 29 27 20 22 30 2h 1 1 0 2

0. e+000. e+000. e*0G
9 0 C 0 41 2s 31 29 22 24 32 30 1 1 0 2

0. e*000. e+G00. a+00
10 0 0 0 25 27 35 33 26 28 30 34 1 1 0 2

0. e+0CO. e+000. a+00
11 0 L 0 47 29 37 35 2b 30 30 36 1 1 0 2

0. e+0C0. e*000. e+00
12 0 0 0 29 31 39 37 30 32 40 38 1 1 0 2

0 e+009. e*000. a+00
0 0 0 33 3$ 43 41 34 36 44 42 1 1 0 213 >

,

0. e+009. e+000. a+00
14 0 0 0 35 37 45 43 3b 38 46 44 1 1 0 2

0. e+000. e+000. e+00
15 0 0 0 37 39 47 45 36 40 48 46 1 1 0 2

c. e*000. e*300. e+00

nsrd,
pr of
ena
new. main.nonlesart.0.21.21
sein structure

refn.21
1 0. e+00 0. c+00 0. e+00
2 0.16000C0c+02 0. e+00 0. e*00
3 0.3600000e+02 0. c+00 0. e*00
4 0.5400000c+02 -0.4023090c+01 0. e+00
5 0.6717691e+02 -0.100300cc+02 0. e+00
6 0.7200000e +02 -0.3603000c+02 0. e+00
7 0.7200000e+02 -0.740000Cc+02 0. e+00
8 0.7200000e+02 -0.1123000c+03 0. a+00
9 0.7682310e+02 -0.130J30Ce*03 0. e*00

10 0.9000001c+02 -0.1431769c+03 0. e*00
11 3.1080000e+03 -0.1483000e+03 0. e+00
12 0.15660C0e+03 -0.1483000c+03 0. e*00
13 0.2052000e+03 -0.1483000c+ 03 0. e+a0
14 0.2538000c+03 -0.14bJ000c+03 0. e+00
15 0.3024000e+03 -0.14b330cc+03 0. e*30
lb 0.3S10000c+03 -0.148J00Cc+03 0. e+00
17 0.368999te +03 -0.143177Cc'03 0. e*00
18 0.3821770e+03 -0.129999Cc+03 0. e+30

j 19 0 3870000e+03 -0.1123000c+03 0. e+00
20 0.3870000c+03 -0.6000000c+01 0. e+00

9999
cons.1

| 5001 1

9999 9999
b3un.2

1 111111
9999 111111

|

|

!
i
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Table 2.6.2 (cont'd)

enod,3
matl.1.64
0. 200 030033e * 0;u. 2999999h2 e + 000.26 70J0000e +050.219000C 00e +030.200000000e +01
0 26700000be*Dib.440030w00e+040.999999932e +200.199999996e-010.499999v70c-01
0.120030000e+020.200000v00e+01C. e+000.200000000e+010.100000000e+01
0.100030 030 e + 010. 24003 0000 e + 02 C .531000016e + 000.111188097e -C 10. e+00
0. 34 9999 99 4 e + 0 00. 799999960e -010. e+000. e+000. e+00
0. e*000. e+300. e+000. e + C 00.4 9 9 9999 70 e -010.6399999dbe+000. e*000. e+000. e+000. e+000. e+0CO. e+000. e+000. e+C00. e+00
0. e+0LO. e+00C. e+000. e+000. e+00
0. e+0CO. e+000. a+000. e+000. e+000. e+000. e+00C. e+000. e+C00. e+00C. e+000. e*000. e+000. e+000. e*00
0. e*000 e+000. e+000. e+C0elen.1

3 19 1 1.00
1 0 0 0 1 2 1 1 0 0 0 0

0. e+0CO. e*000. e+000. e+00
2 0 C 0 2 3 1 1 0 0 0 0

0. e+000. e+000. a+000. e+00
3 3 0 0 3 4 1 1 0 0 1 0

0.359999962e+02 .360000030e+020. e+000. e+C0
4 0 0 0 9 S 1 1 0 0 1 0

0 359999 962e+02 .360030u30e +020. e+000. e+00
5 0 0 0 S 6 1 1 0 0 1 0

0.359999962e*0L .360000030e+020. e+000. e*C0
6 0 0 0 6 7 1 1 0 0 0 0

0. e+0CO. e+000. e+000. e+00
7 0 0 0 7 8 1 1 0 0 0 0

0. e+000. e*000. e+000. e+C0
8 0 0 0 8 9 1 1 0 0 1 0

0.105 000 03 8 e * 00 .112 000000e *03C. e+000. e+C0
9 0 0 0 9 10 1 1 0 0 1 0

0 108030038e+03 .112000u00e+03C. u+000. e+C0
10 0 0 0 10 11 1 1 0 0 1 0

0 108 030038e*00 .112000000e+030. e+000. e+C0
11 0 0 0 11 12 1 1 0 0 0 0

0. e*0CO. e+000. e+000. e+00
12 0 0 0 12 13 1 1 C 0 0 0

0. e+000. e+000. e+000. e*C0
13 0 0 0 13 14 1 1 0 0 0 0

0. e+003. e*000. e+000. e+C0
14 0 C 0 19 IS 1 1 0 0 0 C

0. e+000. e+300. e+000. e+00
lb 0 0 0 lb 16 1 1 0 0 0 C

0. e+0CO. e+300. e+000. e+C0
16 0 0 0 16 17 1 1 0 0 1 0

0.351000030e*03 .112000000e+030. e+000. e+C0
17 0 0 0 17 18 1 1 0 0 1 0

0 351030000e+03 .112000000e+030. e+000. e+C0
18 0 0 0 18 19 1 1 0 0 1 0

0.3S1030030e+03 .112000000e*330. e+000. e+C0
19 0 0 0 19 20 1 1 0 0 0 0

0 e+000. e+00C. e+000. e*00

198



Table 2.6.2 (cont'd)

.

nard.opto
prof
eno
fini
m3de
tr ee.mai n
fini
m3ui
new.s001
peas.25

10 0.221876-03 0.22187e-03 0.221d7c-03 3. e + C0 0. e+00 0. e+0000
30 3.4437St-03 0.44J7Se-03 0.443 T5e-03 0. e +00 0. e + 00 0. e+0000
50 0.44375t-03 0.44375e-03 0.44375e-03 0. e+00 0. e+00 0. e+0000
70 0.22187L-03 0.22187e-03 0.221d7c-03 0. e+C0 0. e+00 0. e+0000
90 0.44375t-03 0.4437Se-03 0.44475e-03 0. e+00 0. c+00 0. e*0000

,
' 110 0.n8750c-03 0.86750e-03 0.88750c-03 0. e+00 0. e+00 0. e+0000

130 3.88750c-03 0.88750e-03 0.88750e-03 0. e+00 0. e *00 0. e+0000
150 3.443756-03 0.44375e-03 0.44I752-03 0. e*00 0. e*00 0. e+0000 .

A70 3.44375c-03 0.44375e-03 0.44 375e-03 0. e+00 0. e+00 0. e+0000
190 0.88750s-03 0.de750e-03 0.88750e-03 0. e+00 0. ( +00 0. e+0000
210 0.uB750c-03 0.88750e-03 0.88750e-03 0. e+00 0. e * 00 0. e+0000
230 3.4437So-03 0.44475e-33 0.443 75e-03 0. e+00 0. e+00 C. e+0000
250 3.4437S6-03 0.4437Le-03 0.44375e-03 0. e+00 0. e+00 0. e+0000
270 0.88750e-03 0.88750e-03 0.88750e-03 0. e+C0 0. c+00 0. e+0000
290 0.88750s-03 0.887S0e-03 0.88750e-03 3. e+C0 U. e+00 0. e+0000
310 0.4 43756-03 0.44 375e-03 0.44375e-03 0. e+00 0. e+00 0. e+0000
330 0.44375c-03 0.44375e-03 0.44375e-03 0. e*00 0. e+00 0. e+0000
350 0.88750c-03 0.86750e-03 0.88750e-03 0. e+00 0. e * 00 0. e+0000
370 3.88750c-03 0.06750e-03 0.88750e-03 0. e+00 D. c + 00 0. e*0000
390 3.443756-03 0.4437Se-03 0.4437Se-03 3. e*C0 0. e+LO 0. e+0000
410 0.221876-03 0.22187e-03 0.221d7e-03 0. e+C0 0. e*00 0. e+0000
430 0.44375c-03 0.4437Se-03 0.44375e-03 0. e+C0 0. e+00 0. e+0000
450 0.44375c-03 0.44375e-03 0.44375e-03 0. e + 00 0. etuo 0. e*0000
470 0.22187c-03 0.22187e-03 0.22187e-03 0. e+00 0. e+ 00 C. e+0000

99990 0.10000c'01
end
new. main
pass.20

10 0.26060c-03 0.20060e-03 0.26060e-03 0. e*00 0. e+00 0. e+0000
20 3.52119t-03 0.52119e-03 0.52119e-03 0. e+C0 0. e + 00 0. e>0000
33 0.53039c-03 0.53039e-03 0.5 3039c-03 0. e*C0 0. e+ 00 C. e+0000
40 3.539586-03 0.53950e-03 0.53958c-03 0. e*00 U. e+00 C. e+0000
50 0.53958c-03 0.53950e-03 0.53958e-03 0. e*00 0. e+00 0. e+0000
to 0.81994c-03 0.81994e-03 0.81994e-03 0. e+00 0. e+00 0. e+0000
70 3.110036-02 0.11uo3e-02 0.11003e-02 0. e+00 0. e+00 0. e+0000
80 0.81994L-03 0.01994e-03 0.81994e-03 0. e+C0 0. e+00 0. e*0000
90 0.539506-03 0.53950e-03 0.5395Be-03 0. e+C0 0. e+0C 0. e*0000

100 0.S3950c-03 0.53950e-03 0.53936e-03 0. e+CO 0. e+ 00 0. e+0000
110 0.973406-03 0.97J40e-03 0.97340c-03 0. e+C0 0. e*00 0. e+0000
120 0.140726-02 0.14072e-02 0.14072e-02 0. e+00 u. e*00 0. e+0000
130 0.140726-02 0.14072e-02 C.14072e-02 0. e+C0 0. e+00 0. e+0000

i 140 0 14072t-02 0.1407:e-04 0.14072e-02 0. e+00 0. e+00 0. e+0000
|

150 3.143726-02 0.14u70e-02 0.14072e-02 0. e+00 0. e +00 0. e+0000
100 3.97340s-03 0.97340e-03 0.97Jg0c-03 0. e+C0 0. e+bo 0. e+0000
170 0.53958s-03 0.53950e-03 0.539She-03 0. e+00 0. e+00 D. e+0000
150 0.S3958L-03 0.53950e-03 0.5395be-03 0. e+00 0. e+00 0. e+0000
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Table 2.6.2 (cont'd)

190 0.16344s-02 0.it044e-02 C.18044c-02 0. e+CG 0. e+60 C. e+0000200 0 15346c-02 0.1534be-04 0.153+6c-C2 0. e+00 0. c + 00 0. e+000uend
fini
impeel
surl 1 0.40000001c+wo 0.10000000e+03 0. e+00 0. e+GO5001 S 3

1 3 L 7
9 11 13 15

17 19 21 23
25 27 29 31
33 35 37 39
41 43 4L 47

main 4
16 17 10 19

fini
ptre
n e wr erec1 pair.U 100

a12elS.7)
O. e+0C 0. e+00
0.6500000e+0" 0.1000u00e-03
0.tB00000e+03 0.1000000e-02
0.1000000e+04 0.2000000e-02
0.e633000e+03 0.3000000e-02
0.7800000e*03 0.S000000e-02
0.4300000e+03 0.200Cuc0e-01
0.4 303 000e + 03 0.1000000e+02

fini
thoue343

8 344 3 1 0 0
197 344 1 1 0 0

2 1 0 0
ndyn
mass

1 drioelel
rect 0 C. 1.00 2

20 19
t i mo.r si t e l .0. .~ 000e+01
auto defi
Inte. news.0.S000c-03.0.e+00,0.t+00.0.1030e+0C
stif
stifoupda
kinr,12 i
eier le2ebe3e

kinr.S
Isop.200
deroeltee
lapaeinitee0.e+>0.0.e+0u,

step
unba
aJto,Init
loop.33
stif
autoeload
Isad
disp

i

i
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Table 2.6.2 (cont'd)

lapa.enel
kinr.10
elar.9.10
au to.ne r r.0.50C'Je*02.3.e50Ca *03
I f 3. 3.1.1
entr.1

l auto. fact
kint.1
lupa.upd 0
it.3.2.2.3
entt.2
eter.1
cant
ysto.G
en tr .3
a u ts . s t e p 0.1000e-04.0.1000s-0; .0.5000e * 00.0. 200 0e *01
If.4.5.5.4
entret
inte.neen.. auto.0.e*00.0.ce30.0.s*00.0.1000e*00
entr.5
If.3.6.6.7
entr.6
kinr.12
eter.5.2.6

l. kint.5
lepa.upda.1

i

! stifelnit
gato.8
entr.7
chou
l ap ..mose
Ispa rsit
eter.1 2.4.6.11
kint.4e9.11
wrou
aeroelfsb
unba

|

| Su mm
' eter.3

kint.3
stifoupd4
auto.enit.0 1000e*00
if.5.8.8.0
entr e8
cant
fini
stop

I
1

I
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D2.7 ELBOW IMPACT ON RIGID STRUCTURE
i |

|

D2.7.1 PURPOSE
The main purpose of this example is to test the ELBO substructure, impact analysis, and

initial velocity options. A secondary purpose is to obtain an indication of the impact forces
likely to be developed when a pipe elbow impacts on a rigid surface, allowing for local deforma-
tion of the elbow.

D2.7.2 DESCRIPTION

D2.7.2.1 ELBO and SLAB Substructures
in the example analyzed in Section D2.3, an unrestrained pipe underwent large displace-

ments and then impacted an essentially rigid surface. The surface was modelled using very stifT
,

GAPF elements, and it was noted that the computed impact force was probably not a realistic
value.

In order to compute realistic impact forces for this type of problem, it is necessary to
allow for local deformations of the pipe (and possibly of the impacted surface) near the point of

This can be done accurately only by modelling the pipe as a mesh of shell elementscontact.
and performing an impact analysis.

With WIPS, it is possible to model the impacting pipe elbow as a substructure composed
of SilELL elements. For the analysis described in this section, the elbow and short lengths of
adjacent straight pipe were modelled, with 20 elements around the circumference and 16 ele-
ments longitudinally (10 in the elbow,3 each in the adjacent lengths of straight pipe). For the
analysis, only in plane pipe motion was allowed, so that only one half of the circumference was
considered. The resulting mesh was thus 10 x 16. This is probably the coarsest mesh which
can be expected to give reasonable results. For an accurate analysis a finer mesh is probably
needed. The ELBO substructure is shown in Fig. 2.7.1.

The impacted surface can also be modelled using SilELL elements, as a SLAB substruc-
i ture. For this analysis, only a 1 x 1 mesh was specified, producmg a rigid surface.

D2.7.2.2 Piping Model
For parts of the pipe away from the impacting cibow. PIPE elements may be specified. It

is possible to specify the same overall geometry as in Section D2.3. If this were done, how-
ever, a large amount of computer time would be required to perform the pre impact analysis,
yet the impacting elbow would undergo negligible deformation before impact.

For this reason, the specified geometry was somewhat different from that in Section D2.3.
The geometry used is shown in Fig. 2.7.2. The choice was t'ased on the following observations.

The analyses of Section D2.3 showed that before impact the pipe essentially hinged about
the second elbow. These analyses also showed that the impacting pipe was inclined at approxi-
mately 24 degrees to the horizontal at impact, with an angular velocity of approximately 6.45
radians /second. The geometry was thus modified to place a hinged support at the approximate
location of the plastic hinge; to locate a SLAB substructure just below the elbow, with a 24
degree inclination; and to specify an initial angular velocity of 6.45 radians /second about the
hinge support. The geometry thus approximated the geometry of the Section D2.3 model juu
before impact.

D2.7.3 WIPS ANALYSIS MODEL
Table 2.7.1 shows the WIPSLOG listing for all phases of the data specification. This list-

ing is largely self explanatory. It may be noted that a time delay of 0.107 seconds (the time to
impact calculated in Section D2.3) was specified in the WIPS DATA 9hase. With this delay,
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the jet force applied at time zero in the analysis corresponds to the force at the impact time.
Table 2.7.2 shows the DATA file.

As with the example in Section D2.6, the DATA file was prepared on the University of
California VAX computer and transferred to the Lawrence Livermore National Laboratory
CRAY for execution.

'
D2.7.4 RESULTS

D2,7.4.1 General
,

As noted earlier in this section, the finite element mesh for the ELBO substructure was
coarser than would probably be needed for an accurate analysis. Also, rate dependence in the
pipe steel was not considered. Hence, this example serves primarily to confirm the contact
analysis capabilities of WIPS, not to calculate correct impact forces.

Initial impact occurred at 0.0004 seconds, and the analysis was continued to .0048
seconds, for a total cf some 30 time steps. Each time step required a number of substeps. In
the last step the allowable substep limit was exceeded, and the analysis stopped. To continue
the analysis it would be necessary to restart with a smaller time step or a larger substep limit.

D2.7.4.2 Elbow Deformations

Fig. 2.7.3 shows a side view of the elbow at the end of the analysis. Fig. 2.7.4 shows a
cross section of the elbow near the center of the impacting region at initial impact and a: three
times after impact. These figures confitri that the elbow flattens against the rigid slab surface
and show that the elbow separates from the surface in the center of the contact area Qualita-
tively, this behavior is correct. More extensive studies are needed to determine whether WIPS
produces quantitatively correct results.

D2.7.4.3 Impact Forces

Fig. 2.7.5 shows the variation with time of the calculated normal impact force (the sum
over all contacting nodes at each time). The variation is rather erratic, suggesting that a shorter
time step should have been used. As already noted, however, the calculated contact force is
not necessarily realistic. The maximum value is much less than that calculated in Section D2.3.

D2.7,5 CONCI.t SiON

This exampf mdicates that the contact analysis algorithm in WIPS performs as intended
and that the shell c.. ment in ELB0 substructures is capable of modelling large deformations of
a pipe. Until mor crerience is gained, however, the results of analyses of this type should bei

interpreted cautiously for practical application.

!

l

!

!
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T = .0004 sec.

T = .0018 sec.

T = .0032 sec.

- T = .0046 sec.

I

i

T = .0046 sec.

T = .0032 sec. ,

!

- T = .0018 sec.
' - ^

T = .0004 sec.

1

FIG. 2.7.4 CROSS SECTION DEFORMATIONS
NEAR CENTER OF CONTACT REGION
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TABLE 2.7.1 - WIPSLOG LISTING - GE0M, MATL, PIPE, SLAB,
FREC, MODL, AND DATA PHASES

Lil L - w lPL L A' CUT IVi.

treating peobl.a nu. 1
Problem cescr i,ticret icst ca.c. it bb suastr uc tur e lu+ met on rigio ,urt ce

NE AT WIP S-LXtC Lt*MAhD & 3e a.
' GLLP - iPL C li .Lt.11ch cr 41sitti utLhilay

Define units
Le ngt h i f t . in .n n.n l 8 in
force (k elb Lgf .khl ak

Spec if y new b'.ut; da t.

stall ELN hD. 1
Enttr c.p. da.a in scuucace alcnq run

c.p. nan.e and type : 1
ccora optica : di
A y s: 3
Ary cndnge s ? I

c.p. nam e .uJ type : 2
I nc. of entt . nodes 8 3

ccord opt ion I
c.p., dandy.d: 8 e253
of f set poln. deteults so proceding c.p.
Any changes ? 8

c.p. nan.e eaJ typt : 3 in
nc. of entr. nodes 8
ccord option 1
in ge ner ate d autcsJt icall e
Any change s ? I

c.p. Dan,e enJ type 3 ti ti
band radius 36
ccora opt ion 1
c.p., da,dy.J: 1 2.ct
Any c hange s.' I

c.p. nam.e anJ typt 9 in
nc. of ca tr. node s a
ccord option

| tn gener ate. automatically.
Any changes | 1

c.p. name and tykt : ''
nc. of cAtr. nedcs I

i

|
ccoro opt ion :

) c.p.e dA,dy.d: 1 tieobs
! A r.y c lierige s ! !
I

| c.p. n 4 n.e enJ type 6
; no. of ca t e . nout a ;

ccoro opt io.'

|

211.

.



.

L

I

Table 2.7.1 (cont'd)

|

..p.. ex.a,..: : .. .
off>tt sois.. cet.ults 19 ,rstwain; c.p.
Any c hange s .' I

c.p. non.e ..J type &
Last c.p. In .!als r ute*! t g

Diskl4y Gt G11 Jat, f or stils rute? 8 y

Gt Lt. DA1A F0k Aus

run c.p. c.,. bene att. Cocrd c.p. 6.p.? cooroinate data

no. nece tv,c rucius noas opt i i ? esoAep redy 2 ece

3

1 0 di 0. 6. O.

2 3 cf 1 i S'> . 0 0 0 6. O.

J t. J tn 0. O. O.

ti ti 36.00u 3 ct 2 60.00C 0. O.

4 tn 3 tn 0. G. O.

5 0 cf ti 0. 60.000 0.

6 0 of S 0. b2.000 0.

E hD OF 041A

STaki RLN NG. 2
Ente r c .p. d..a in auquc.ics alone run

'

c.p. neme auJ type 1
Last run? 8 y

Display new b;UN det.? I
Write in se ssion log? :

Moolfy Lt bH c.La7 :

Save current ;LOM d.i.f 8 y
Coneent for f ile catalo, t
GlDM DAIA 5 AV' U. F A LL .% AIM * GluMC101.

Produce CbOR Jata? I y

Disslay CLOR .ata? y

CbLk DA 1 A

run c.p. L.p. :c.to sade a v 7 a

no. name type recius nu. coor d coord? cocro

1

1 1 C. O. C. i
'

2 63.750 0. O.
3 127.500 0. O.
4 391.k50 0. O.

I

2 S thS.cbG 0. O.
|

t to e t79.640' O. 9.

ti tl Sc.JCG 31S.C00 0. O. |

l,
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Table 1 74 (cont'd)

te n.e s J79.00G 3b . (,0 C G.
4 tn 7 315.CCG 36.000 C.
> 8 alS.LLO (0.000 6.

Hit RL10Nh fue ocat
b 9 315.600 142.000 0.

E tau 0F LAIA

Plot ge ome t r y ? I

Modify GELM c.ta? 1

OATA 00mPLE1L 90k 1hlL 5:551b4!
Save final GL.H cate? 8.I
C ca.n e nt for file catolog i Fos LLLL sawstructur e
GLLM OA1A SAbiU. FILE hA3L . CLDMC101
Save CO LN cat.? 8 y
Comm e nt f or t ile c.talca 1 F r ut LLUF0101

CULkO101CUOk DA1A 5AVLu. FILC NAML e

End of this L.Jn sessien

(ILC - WIP5 [P.LU11VL

NE A T WIP S-L Xtt LOMMAhD a.gl

SPLCIF;LAllUh Lt HAI;h*AL PkOP:N11thMAIL -

Define units
Length (f t . iu em en's ) 8 in
force (kelb.kgfekh) 8 L

5 tar t new M A1. f ile
'

Specify a new groper ty set t 8 y

1Sti NU. =

Property set .uscripticn t Ir illnc6r no sts ein r te.
Static moduli (min =2. nan =ti
* 26100 219 2C

Vielo streni.hs (nu. of mouull sinus 1)
* 26.7 94

Strain rate stiffncssca (ain=0.RaAs)) ,

t ,

ho stealn r.tc effcct
use oefault toler.ntes? 8
tield tuler.hte luftta.se) * .1
St if f ness 1.lcrantu tofits.05) 8 .1
Poisscn ratis (dflt .J) I=

height de n s ity toilts.itti) * ,

Any err or s? 8

Thls se t added tc Mall filt

Specity a new pr6 petty act? I y

r

!

t

E

l
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Table 2.7.1 (cont'd)

2Sil NJ. a
Prcser t y se t .. scrip;ith : :).LLit

i St at i c n od ul i ' (nii si=. .rasa.5 )
: 20100 2b J0.

Vielo stren.ths (no. cf 4.uull a inus 11
: 1ee

Strain satt stiffncssu. (ain=0.n44=3)
:

to st r a in s .tt effect
use def. ult toler..tet? : y
Pcisson ratta (ofit .3) :=

he 19h t ce n s ity (df1t=stect) :

Any errors? :

This set . ode, to MAIL fele

Specify a new grcperty Lut?

No. of pr op e r .y sets in ilAli file 2=

Olsplay property set ceseri,ticns? * y

MAIL PRLPE R TY Di 5LRiP110:st

Set No. 1),e Description
1 mr.. 1r ilincer , nu str isi rate.
2 mr.i El. tic.

Display new property set ca t.? * y

MAIL PkLPLRT Y DA1 A

SE1 NO. 1. 1r 11 Incas e no 4tsain rate.

Nati Lato scom' Modulus ur Str es s/Str. in
lyte Typt tau . Cue f f itlent Limit
nroz

.tatic 1 0.2670e+0S u.2070e+02
.' O.2190t+02 c.440Ge+Ci
3 C.2000t+02

,1c.tol. c.1CC0e*u0
.tif tul 0.1000t+00
rate tcl 0. e+00
,uisson 0.3C00e*00
.ansity L.2bg0e-03

Hit kt10RN for next set

SL1 No. i. Liastic

Matt D.ta 5e an ruaulus or 5 tress /Str.in
lyse Type ?.o . Loe f f icie rit L imi t
nroi

.tatic 1 0.it70e+0S c.it0Ce+LS
C.ito0e*05.

?
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Table 2.7.1 (cont'd).

, I *. . t u l . C.2C00e*01
.tif tul L.5CuJt-01 |
sate tol L.500ut-J1
, s i s suti C.3CJ0t+00
Jensity L.2640e-03

Hit MLILNN fCi f ac At act
END Of DA1A

Disti y all gruperty set cat ? 8
write in se atisn low? a

he m NAIL f i le treate?
Con 4 en t for tile cot.10, s ; uwterials

Eno thi s MATL s e s s i us.'t : y

,

.

L AL L - kiPL L A.'.bilVL

NE A1 dlP5-LXEL LDPHANC & else

ELot - SPLClf.LAllun Lr LLa; PlaPLkIICS

Define onits
Length if t . irien .ru l & in

fcrce Ikelb.k2f.kbl t k

No. of NAll property sets veilable = 2
Disg lay m.ter i.1 de scr iptions? : y

MAIL PRLPERTY DL 50 RIP 1 AL:.5
Se t Nc. ly,u Description

1 ur . Ir ilinear . nu str ain r ate.
2 ser.. E1.stic

St.r t new ELbt f ile

Specify . nem srcherty se t i */

SLT NO. 1

Sut s t ru c tur e .cscr iption 1 29*n 0D. 1.$31 hT. Lx.
No. of c ir cusi. civi,len * 40
First 1.nuent

Lensth : 24
t.o. of civisicns : :
resh factos 1.75
Lutsloe d i .ac t e r : 44
hall thickucss 1.3 '1
ko. of intsw. pts tnra thickness 8 5

Elbow
tend reclu. t 3b
Lend engle toegl I vG
No. of divialons 1 4G
Lutside di.acter 49
kel) t h i c k s.. s s 1.3);

i

|
|

|
!

f
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Table 2.7.1 (cont'd)

|

ho. St int.s. pts tar. thistness 8 5
SetcnJ Idhuun.

Length I ce
1

ho. of divisions : J ;

Mesh f c tca i 1.15
)

Lutside Ji.Leter 44
hell thick..aas 8 1.3;I

ho. of int.4 pts tnro thistness t 5
Meteri. numb.' s i t.ng.1. c lbow, t ne./l * 1 1 1

Any errors? 3

ibis se t adde. to LL?;L f ile

Spec i f y a new prcperty su t i s

No. of proper.y sets la sLc. file a 1

Diss I.y property set cescri,tlons? I y

ELEC PkLPikiY DL 5thl:1T I L:eh
5t t ho. L;.cr ip t lure'

1 241n UD.1.531 W1. SR.

Display new propert, c.t.7 : y

ELbl PRLPLkiY DAT A

SLT NO. 1. .41n 00. 1.534 WT. SR.
Circumf eren.lal olv i>Iwns . 29

1.n3cnt 1 Eloc. T.n9ent i
Length 0.2400e+J2 0.2400e+02
Divisions a 10 J
Mesh factor 0.1150e+01 0.1750c+01
D I.ee te r 0.2 400e +' 2 0.240Ce+02 0.2400c+02J
1 h i ck ne a s 0.1531e+01 u.1531e+01 0.1LJac+01
band radius b.3000e+02

'

Angle toegl u.9000e+C2;

Integ. order b 5 5
M.ter 141 no. 4 1 1

Hit RL10RN fcr next set
ENb 0F balA

Dicklay all ptsperty d.t47 i
Write i n se as ton Ic%F t

New ELDL ille created
Coement for f ile cotalc4 3 1 ct.

Eno this (LDL Lesslun't t y

EXLL - MIPS Cr.LUilVL

kE AT hlP S-L LLC chnah0 s .l...

!
i
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Table 2.7.1(cont'd)
!

|

l

|
'

LPt C I F ;'. A 1)L h 1,P LLa2 Pl.uPLkfli'sSLAT -

Define units
Lonqtr. Eft i.een.6n) : in
force (kelb.Asienh) 1 A

No. of P. AIL pr'sperty set, u.eilable a .'
Diskley m.twrial ocsceistisns? 8 y

M AIL FdLPERT1 LL 50 k iPl atte S
Se t No. Ty,c Demori, tion

1 mr.. Itilincas, no stralr. ratc.
2 mr.. El.sti6

Start ned 5 L A *' filc.

5pecify a nem propcrty sett 3 y

SLI NV. 1

S ub s t r u c t ur e .cscripticn I ilustic, riald because single element
Length of $10. LA 8 10G
Lensth of slo. La 3 100
Outer str ip miJths (protwr t iosas of Gn)
Left strip 8
Right strip 1

Outer str ip wiJths (ps opor tions of Ob)
bct tom str i, t
Icp strip 1

No. of subdlw isions lcha aA
Lenter stri, t 1

No. of Sut di v ibloses alGng wL
Center st r i, t 1

Slet th ickne s. t /
No. of Causs ,sints thru thicksness

Center regi.h I .'
ULter regloses 3 2

Direction cosines of LA.DL
DA (3 value.) 0GA
OL (3 value.) 8 .913b .4067 C

tooras of poi..L L (a.Y.J v.luct) * 253.45 si.Sb -SC
Bounder y code. (free.l.ina. clap symy.syyJeur sysa)

DA til nq
bt a ning
LL 8 hing
AC free

Material set ossber 1 4

Any errcr s? *

This set mode. tc LL.tL file

Spec if y a new prc6erty set? 1

No. of pr ope r .y se t s i t. LLaj f ile a ;
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Table 2.7.1 (cont'd)

Distley peopestg sc t ue amr i,t ;crisi : ,

SLAT PhtPL Ri f DE 5thlPl aL:si
5=t ho. L.scription

1 El tic r i-;ic .etause ainale elvmonte

D i s> 1.y new .. roper t y outa? : y

5 tat PRLPtNTY UAla

SLI NO. 1. .lastice riano occause single element
first Ctator L.st
StriG Ltr io Str ipkidth s alon. LA 0. e+00 0.10CGe+0s C. e+00kidths elon. Lb C. e+LO 0. luc 6c+0s 0. e+C0tlements al.ta, LA O 1 0E lements alwise DB 0 1 Ol t ick ne sse s 0.4000c401 0.2CCCe*01 0.20GCe+01kc. of Gaus. points 2 2 2

X Y 2Direc tion cosines
Edse UA 0. e+00 0. c+00 0.10C0e+01Edge Gb s.913oe+0] 0.4uo7c+00 C. t+00(cor o inete s af u 0.2534e+03 -0 2950c+c4 -0.50Cte*c2

i bcund.ry co;cs UA dC = hin9. hing
Ecund ry cc.ts UE.AL = hing. free

Hit RE10NN fcr next ,et
Ehb 0F OATA

Display all prsperty o.ta? 8
Write in sessian low?
New 5LAe file created
C on.n en t for f ile catalc 4 : 1 sct
End this ELAb session? : y

LtLL - WIPS CA.'Lul1VE

hE A ) hlPb-LXEC LOMMAhc free

FhEC - $PECIFY DYNAMIC FukC; c[COROS

Define unit,
Ltngth (f t e lts s .es) 8 ira

fcrce (k.It.Abf kh) : A
Start ns. FMt; file

SpecLty a nu securc 't : )
RLLLkb hu. 1

I

i

$
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Table 2.7.1 (cont'd)

Wa-(cro s. n.t 41 cner.cter ) I eoc!
Ot sc r ip t ion I . a:s . *C (n.s.1 lii tu i t t resor o . L.m. 1000k.

E nte r t ime-F cr.c poir s
First pair au.un.tio.le'; sea to c.o

P.it rio . . 1 .00c; LSa
F'. i r no. 31 .001 a :')
5.ir no. 4 I . t>0 4 1000

P it no. $1 .00) 4.: 0
F.ir no. 6 i .005 7:0
Psir no. 7I .0i' 430
F.ir no. b i 10 930
F.it no. 9 1

Lest pair ? 8 4
Any er r or s ? I

Specify a nem rccoro ?*

Display any rstoros ? I y
Record number Ldflt*all)

RLCLkb hu. 1. hoot * rect
Time Forte

L. J. e+su
L.00010 J.6500e+0s
0.00100 J.080Ce+0s
C.00200 C.1000e+09
C.00J00 J.6ecce+0s,

0.00$00 J.7c00e*0s
C.02000 ';.4300e+0s

10.00000 C.4300e+0s
E hD OF ktC0RD

wr ite r ecor ds in session 1947

End thi s F REC '.cssion? * y
mem F AL L file created
Comment for f ile cat.1c; * 1 recoro

E 4EC - h lPS E A* LU11VE;

NEA1 WIPS-LXLL LLPMAh5 8 vip.

P!FL - SPLCIF ICA110h Lt l'IP; PROPEk t!E 5

Define units
Length (f t. ines .an ) I in
Fctce ik,1b.L3f.kn) 1 a

No. of hall praperty set, m.ailaLle = 2
Disp lay meter ial descr iptians? 8 y

MAIL PkLPLN11 ULhirilPla*t.5.

5tt t.c. ly,w bia6eiption
1 mr.. Tr it incar, no strain t te.

i

[
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Table 2.7.1 (cont'd)

|

1

/ m r .. Ll.. tic

St.rt new P!F. filt

Spstify a nem prcatt.y se t i * * .

SE1 Nu. 1=

Propert, se t .chcriptich t ;4!n bD. 1.$31&n al.
Dotsice o l ..c te r a.9
hell thicknwss 1.bs.
htight/ unit Icnyth (cflt.Gige melsht) 3
Ac. of 1 se.ticn eltscats idflt.12) :
h.ter ial nutber I

L.rae ovellih'. tves wr nul? tof it.nol *
U se det . ult ovallins prestr ilust 3 y

Any err or s? 8

This se t .cded to Ple'L file

Spet ity a nem prcperty sett i

No. of proper.y sets in P!PC file 1=

Display propes*.y set ce ser iJticses7 3 i

P!PL PRLPEkly DESCklPl!C45
Set No. D.scription

1 2 sin OD. 1.5311n W1.

Display new property set dete? 8 y
|
'

PIFE PkOPERTY DATA

Sti h0. 1. 29tn UL. a.5313n HT.

Lata Sc um Modulus or Stress /5 train
type e lo . Data velue Linit

s

outsiou dieeeter 0.2400c+02
hall t!.icanesa 0.153Ae+01
Unit m.ight 0.306ve-01
ho. of elements 12
No. of slices 2
stre ss v Str elas 1 0.Jo70e+a$ 0.2619e+c2

1 0.2190e+03 0.44GLt+02
3 0.200ue+02

Fois.cs. r tlo G.30)oe+00
Large .vallin. eso

ovellina ratios 1 0.3boue+00
0 0.a000e-01

Hit kilLRN fos heat st t
Ehb 0F LAIA

Distlay all prostrty sei c.ie? 3
wr it e i t. Se st iari Icw ? t
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Table 2.7.1 (cont'd)

,

New plPt file .reoted
C un.a t n t for l ite tot lc; * iss

E no thi s FIPt .cssich? 8 v

EXLC - w]Ph CaLLullVi

NEA1 alps-LXLL tsMMshs a . col

MOUL - LPt Cll ;LA11Lh Lt ANai) SIS PuCLL

Define units
Length (f t o in n ena l 5 ine

force (keltek%fekhl & k

Sequence no. 1 CDbh file 3 1

Av.ilab le eleLont pr eper iv ac ts
T)pe ho. at Sets
pipe 1

Avellable sub.tructure propert's sets
1)pe No. of Sets
elbo 1
slab 1

DE F lhL NODE L .ta 5LGkCt.15

SEGP.ENT Nb. .

P ipe r u n no. I 1
First c.p. of se gme nt I ;
Full 3D motion ? I
Displacement , lane (x3 eve or .xl av
Any substruct rcs in tnla sc9ucnt? I y
The) eust lie an +z or e sloc of pl.ne
Specify side (+ ct -1 +

Bouncer y condition coce f or f irst c.p. 11.110

Specify c.p.n.ac + eles tyve + op t ior.al dat.
18 2 pipe prop =1 lois
18 2 p ipe prwe
18 2 p ipe pr .p =1 lois=Jes thisanc

i et S elbo pr. pal n.senclbo thisano Idis=yes
32 b p ipe
48'

End of segn e n.? I y
Display comm.nJa ict tn is s.9 pen t1 3 y

MULL CD P.M AAU IALLL

SLLMEh! NU. b b t. l.c . = 1..

c.p. e le th Cp t ri data optn outa C6tn Jate
1

oton .11alk

|

l

|

|

I
i

!
,
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Table 2.7.1 (cont'd)

i pipe
Gt0p 1

loci + IJib yes this no
mf.c 1.u;u

' elbo
prop 1

name elbo IJis ves this no
mtet 1.000

6 pipe
&rcp a

luc 1 + IJis ves this rio

=t.c 1.s;u

Hit EifL4h for tecto
Any cher.ges? *

SLGrtN1 NU. J
4

Pip ( run no. *
Last s e gme n t ~t 3 y

Any enternal .abstr uctures? I y
Specify substsucture type + op tion.1 da te
! I sl.b prc,=1 n6a. css 1.L this=nc

Nort external Lutstructures7 t
Display commanJs for extern.1 subs t r uct ur esi 8 y

MUOL CDeMAhD TAOLL

SUBST'UCTU>CLE4llRhAL A
type optn de.. optn data optn data

slab
prop 1

n se sl.b IJis ves this no
mf.c 1 030

Any chdnges? . 't
i Redefine all waternel substructures

any entern.1 .ubstructures! t y
,

Specify substructure t)se + cotional da t.
t 1 si.b pro,*: n. aces 1.b this=nc loisano

Mote external substruttures; *
ccomen s f or ester n.l substruct ures? * yDisplay J

MULL COMM AND lABLC

E ATLkhAL SUBSTKUClukC5
type optn c.t. optn o.ta C&tn cate

,

slab
prop 1

n.o= s1 6 IJis no this to

mies 1.J0u
Any changes? I

Discl.y coma.uJa f or ell ss ,asnt s1 *
Wr ite in sessian lo ! 8'

w

|

I

|
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Table 2.7.1 (cont'd)

1,

|

|
|

|

Pr ocuct 9LDL file't 8 )
wait wh ilt um.a is kr oL..sc a

I n.p.c t on lysis re%wis c: ? 8 i
No. of imbact urf.tu g. irs 8 1.

SUhl ALL P AIR .;J. 1

Surtece p.ir ost,e 8 sur .

Define pr iniar . sur f co

Suost r uct ur . nas..t I st.b
SLAL subs t r us .ar e e property 56t nc. 1

= 1Divis ions obr.c L A
Divisions eldnq Ut 1=

Allow.ble gri; rense .lcos .A =1 tnra 2
Alicamble gri. rense encay Co = 1 tnra 2
Define vrid r.nges

GA A 2
UL i 12

Thickne ss f ro. node s tc .us f oto 1 1

Define secono.t y noucs
Scbstructurs n.nie torit = moln) eldo

ELbl substr uc .ure. Proper ty sot nc. 1

Circumf. J6 visions = 23
Longit]. divisions a lo i 3 10 31

Only first circus terential half of mesh used
1 tnru 11Allcwable grl; ran e as

Allcweble longitudinal :;rld range = 1 thru 47
Define grid r .n'ses

Circumferen.lal > al
Lcnultuoinel I * 43

Thickfee ss f red nodes to surlese ! .765
Fr l(tion coe f ficient lefit*Jes c) :
Sliding veloc. for full fricticn (dfit=5 Din /meci :
Any errors ? I

Specify initi.1 velcLitles 7 & y
Specify ini ti.I welcc it ies f oi affectcd se% bents
W ar ri i ng onlj partial consistency check is performso on cat.

5L GML hi NO. t 1
S e atme n t h.. transverse simuctry

nctior. In mi plane only
no pivot) 8 1hone of pivwt point (dfit a

Pivot amis a glob.1 a
Angol r vel..ity (rmo/Jec. r.h. rulal 8 -0 45
StGM[h1 hD. 8
test effect.J Segutnt 7I y
h it while JJtd I $ rdCe 4 st O

Comnent for iile catolc; I -0 . 4 '; rec /sec. atto t r iction.

e siLJLL101Mlot f i le sassd. F ilc nx.
Erid of this H.0L ses.icn

LAtL - wlPL Lt.LUllbi

1

'I
i
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Table 2.7.1 (cont'd)

hE AT wlP S-L A Ei LLPH ANG t J.t.
I

SE 1 UF W!PS-ar:Ai ihr' 1 LAIADATA - .

Ottine unit >
L o n g t t, if t e in n.s a ) : in
force tholu.L,f kh) *

5equence no. 1 eLUL fils & 1

Prctlem descrigtion (4 line.)
L it.e 1 8 Te s. of e lbo. ua ate Lc tLr t imp.ct %n ricid slot sub st r uct ur e .
Line 2 *
LIne 3 * Gecketry miniit r to til bb i tt unr est r. inec caamplc. Initi.I geometry
Line 4 I set to just :ctose iLg.ct. jog 0in/aec accroa. impact velocity.

Set up FAU$E files .* enJ of analysis ? : y
W it .hile f il.; er e pro.e s.eJ
Init ial veloc ities m y be scaled it desirec
5pec if y scale facier (cfit.1.e) *

;

Spec if y data for eacn Icacca point
LUAL NO. 1

Fcrce record name : scel
heme of loaded c.p. 8 S

f crce direction (m.v.: os folicser) : foil
Fcliomer c.,. n.ee a5
Scale f.ctor (+.- controls direction) . 's
Time celay (acc) (dfit=0) s .107

.

LUAC hD. 2'

fcrce recor. name !
Last load? 1 ,

Time steps initial + u.m + uin : Je-4 .004 26-0
Man steps + u. x tot.1 tlwt 200 .C2
Errcr toler ancos 6pper + lower 1 250 50

Results output interv ls
Max. no. of steps 1 a
Max. time (.tcs.) * .1

Integration s.t cne (neau or hilb)(ofitanews) *
Damp ing f .c to r (of i t= 0.1) i
Fattor f or - t i.c step increase (of i t.2.0 )
Fattor for tile step decre.se (dflt=b.51 *
Man. unbal. tw reduct tiue stos tctitano liuit) *
gaa. unLa1. L. stop .naissia (cf i t =no l imit) *

DATA file set .omplete
C on.n e n t for t ilo cat.lc4 8 200 steps maa 20*>cc.

DA1AG1clWIPS-AN AL DAl. FILL S SL ! 07. PAkLh1 FILL hahi =

EXEL mlP5 E);LullyL

NE AT W IP'.-L \E s L.PMAh; auit

I
!

|
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TABLE 2.7.2 - LISTING OF DATA FILE. PIPE WITH ELB0
SUBSTRUCTURE IMPACTING RIGID SURFACE.

E CH 33101 LLL CIC1 IsLicaCl PAULJ101 PAb20101
starepaus
gaul
nen se loo sncnl esor t G .J7o.16J
elbon substru Lure. t.mc = wito

retn 376
10.2550000ubc+03G.1AJ34479?c+020. e+00
20.2SSC000 llc +030.14000J00Lc+020. e*a0
30.2 SS C300 L Lc +033.1v604 o44 7t + 02 0.34 71LS ICae + 01
4 3.2 SS 0000C0c +030.11412a 7e7c+020.373 E20379 e + 01
S 0.2 SS0000s Lc +030.9ubu93;Si c* 010.663 34 7319e + 01

6 0.2 550000 Luc +033.970G2 J 42 7c + 310.73534 J29 3e + 01
70.2SS0000C0c+030.co0347414c+010.93ub90152e*31
b3.2 SSC0000Lc+030. 795J4 23sLc+C10.973 6204~ 7e + 31
90.2 550000*J0 c + 030. 39 7165227 c + 010.10 b b 4 c 437e + 02

10 0.2 SS 0000 llc +030.3 7002 J 4 7t t +010.11412 b77oe + s2
110.2 SS 000 0 ' 'J c + 0 30.ht tib 1173c-06 0.112 34 5 999 e + 02;

12 3.2 55000000e +030.90S9 74 344 c -060.123000000 e * 02
130.2 SS0000GLc+03 .34 7;6 Son 4c+010.10bb40447e+02
14 3. 2 S50000 C0c * 03 . 310023332 c +010.11412 67b7e + 32
ISO.2S50000CLc+03 .co0347271c+010.930890152e*01
160.2 55000000c +03 .70534224rc+010.970820427e+ 31
170.2 S50300.Lc+03 .9ubG9JOS7c+010.66334 7462e+01
150.2SS0000 llc 403 .97062J23cc+010.73S344436e+31
190.2 55 0000Cyc+03 . lu6G4 o437c+020.34 7165 442 e* 01
200.2 550000 CLe +03 .1141257 aC c+ 020.373 820737e + 31
210.2SS0000ccc+03 .112345999c+020.4374B75L2e-05
220.2SS0000LLe+03 .le000J30cc+020.467297241e-0$
23 0. 2 6 76 4 517.c + 0 30.11234,999c+ 02 0. e+00
24 3.2 6764 517;e + 030.le OOO300C c +020. e+00
250.26764517.c+030.196040447c+020.347165106e+01
2L O.2 6764 517.e *030.114 ; 2 o787c+ 020.3 73 b2 u 379 e * 31
270.2 6 764 517.c + 030.996G 931 Sic + 010. 663 34 7319 e + 01
2 e 3.2 0764517.e + 030.97002 J4 2 7c+010. 70534 229 3 e * 01
290.26F64517ac+030.co0347414t+010.930890152e+31
3CO.26764517.c*030.7uS3423bLc+010.97302u417e+31
310.26764517.c+030.397;65227c+010.106b40437e+02
320.2 6764517a e * 030.3703234 7t c +010.114120776e + 02
33 3.2 6764517.c + 030.64 b18 417 ;c-060.114 34 4999e * 02
34 0 26764517.c 4030.9uS975044c-060.1230000LGe+ 32
350.2 6764517.c+03 .3571650e4c+010.13084 c44 7e*J2
360. 2 676 4 517.c * 03 .37002 J 334 c + 010.11412 b 7b 7 e + 02
370.26764517;c403 .600347271c+010.908b901 Lie +31
3bD.26764517;c+03 .7v5342245c+010.973b20427e+01
390.2 6764517;c+03 .9ub0930$7c+010.66334 7462e+ al

I 400.2 6 Fb4517.c403 .9 70G2J2JLc+010.73534J430e+ J1
410.2 6764517.c403 .10t040437t+020.34 7165444e* 01
420.2 0764 517.c +03 .la412676f c +020.370620737es 31
4 30.2 6764517ac+03 .11234s ?v9c+020.4 3740755 e-35
443.26764517.c*03 .le00CJCOGo+020.467297241s-35
4 5 0.2 74 b7097. *030.1 AJ345 9996+02 0. e+00
4 60.2 74 S 709 7.e +0 30.12000330c c+ 020. a+00,

| 4 70.2 74 67097;c +030.19604 o197c+020.34 71LSiboe * 01
| 4 60.2 74 8 7397.e *0 30.114;2 o787c+020.3 7J c2 u179 e + 31
' 4 9 0.2 74 b 7097;c +030.9ut09J i>Jc+010.663 34 7319 e + 01

SC 3.2 74 8 7097;e+030.970s244 2 7t + 010.70534 429 3e + 31
;

|
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Table 2.7.2 (cont'd)

510.274b7097.c+030.ooCJ4741%c+010.93ub96151e+31
52 3.214 6 7 397.e + 0 3G. 7v*v4 4 3 e c t + 010.9 73 c 2 0 917e + 31
5 3 3.2 74 t 7397. c +330.3s L ca. 2 ic +01e.13Le4 64L7e + L2
54 3 2 74b 7397.c+030.3 40L2J4 7t t+310.11412c77oe+J2
553.27407097.e+030.tge.eill;t-060.112349999e+02
5 6 0.2 74 b 7 09 7.c + 0 30.9959 7,04 4 L-060.123 03 00DG e + 32
5 73.214b7097.c+LJ .sg 7atbGo4c+ 010.13bb4 c44 7e+02
560.2 746 7097.c +03 .3 tOD2333.c+010.11412b767e* L2
593.2 7967097.c+03 .co034 7271L+010.93ub90152e+ 31
603.2 74L 7397;c +03 . 70534i2 4Lt+010.973 6204;7e* 31

513.2 74b7397.c +03 .9utb9J057t+010.0633414 Lie +01
L20.2 74 b7097.c+03 .9 ecG2323tc+010.73534 2430e+01
633.2 74L7097.e +03 . lut u4b437t+020.34 716544.e+ D1
54 0.2 74b7097.c+0 3 .11412o70Ct+020.373B2u737e* 31
650.274b7097.t+03*.11JJ4s999t+020.437sb755ce-05
660.21487097.c+03 .le000J00Cc+020.467297241e-05
073.2790000C0c+030.112344959t+020. e+00
$8 0.2 79 0000C0c +030. le 0000 G0c c+020. e+v0
693 2 790000cLc+030.lututo44 7c+020.3471651coe*ul
700.2 790000CLc+030.11412o7o7c+020.3 73 820379 e* 31
710.2 79000000c+030 90eU93154c+010.66334 7319e+01
72 0.2 790000CDc +030.97002 J4 2 7t +010. 73534 2293e + 31
733.2 79 03006;e *030.000341414 t+ 310.93a b90152 e + 31
74 0.2 790000cLc +030. 70534 23 scc +010.97382 04I 7e + 31
75 3.2 79 000000 e +030.3971 b 5227e + 010.13684 0 43 7e + 32
760.2790000C0c+030.37002J475c+010.11412677de+02
77 0. 2 79 000 0V.c + 0 30.64 818 417,t-060.11234 9 999 e + 32
78 0.2 79000000c+030.9uS974 34 4 c-060.120000000e + 32
793 2 79000000c +03 .397165354t+010.10bB4 0447e+ 02
800.2 790000c3c+03 .370L20J32t*010.11412 b707e+ 32
810.279000000c+03 .6o0347271c+010.93089015:e+31
820.279000000e+03 .7uS34224Ec+010.973820427e+31
830.2 79000000e*03 .9uBb93057e+010.66034 74L2e+01
8 4 0. 2 790000CGe +0 3 .97 CO2323cc+310.73534243 ce + 31
650.279000040e+03 .lutD46437c+020.34716544ee+01
863.2 790000CGe +03 .1141;o76Lt+020.373820737e+ 31
h73.2 79000000e+03 .1 A2344999e+020.437487552e-05
BB 0 2 790000cbc+03 .12000300C t+020.457297241e-35
b90.2u267417Lc+030.11L394039c7020. e+00
90 0.2 62 754125t * 030. le 29 5 4 79Cc +020. e+00
913.20296020tc+030.lu99L31oEc+020.34716510be+01
920.2b284b3.3c+030.117153093c+020.370e2O379e+01
930.2632098.9e+020.942022135t+010.063347319e+01
943.2e311294Lc+030. luc 31o99tc+020.735344293e+01
950.20359060se+030.tvoL39354c+010.93ub9u152e+31
9to.2b35202;9c+030.74098J3b7c+010.973820427e+31
970. 2 64 0 B S SL. c + 030. 3 o 7212 944 t + 010.13 b b 4 c 437e + 32
960.2 d4 05154% e +030.4 205709 hic + 010.11412 6 77a e + 02
993.2o4L31bSac+030.4132197bic+000.112349999e+32

10GO.2b46316tbe+030.49311)L41t+000.120600004e+32
1013.2tS1747;Le*03 .198L69014c+010.13be4L447e+02
1020.2b52117:1c+03 .341933031c+010.114426767e+02
1030.265tb464.c+03 .Lv7395426t+010.93bt9015.e+L1
134 3.2 e573504Lc+03 .od233a434 t+010.973c2ut:7e+ L1
1 53.2 bh053407c *03 .053374201c+010.Lb334 74L2e+01
2000.2ebl503.0c+03 .944L4591LL+01c.73534.43ve+L1

-
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Table 2.7.2 (cont'd)

i 1073.2cS 2331.a c +04 .19109 79t c+020.34 7165444:* ;1
| 108 3.2 t 6 4169"4 c + 03 .19ti2 e94 9 0c + 02 0.3 73 E2 u 7; 7: + 51
l IcSO.2 aS3690';96+ L; .1wtL1,0St c+020.437m S75 Lie-05

1100.2 e653961;c +05 .1143934 a4c4 020.447297241e-OS
1110.2bs652914c+033.14446010tc+020. e+30
1123.2cb4164;;e+030.12174s44tt+020. e+LO
113 3.2 ebb 22 e 7tc + 013.1192 3ou 76 c * 020.34 7165106 e + 31
114 3.2 bS S 9 79t L c + 030. le t; 6Junt' c+ 020.3 73 e2 O 379 e + 31
115 3.2 e131'i979e +030. lu4 L b324 9c + 02 0. 663 341Ji 9 e + 01
11 c o. 2 e 712460,c + 030.19 99S J 171c + 020. 73534 429 3e * 01
1170.2b6C64C4Lc+030.Lv422939tc+010.93ae9u150e+31
11 b o . 2 6 794 4 977 c + 030.L g 7317097t + 010.9 73 e2042 7e + 31
1193.2090S1b;Ve+030.Sut373401c+010.13b840437e+02
1200.2eb970719t+030.Let067912c+010.11412n176e+02
1210.2931246 Lac +030.17L1957S4c+010.112344999e*02
1220. 2 93124 603 c +030.17 L19 o 734 c + 010.120000000 e + 32
1233.2911974;Lc+03 .15397o991c+010.13bb40447e*J2
124 0.2 912 73SCL c+03 .17t4 74 434 c+010.11412 c76 7e+ 02
12 5 3.2 9216S19.c +03 .4S103JJ b4 c+ 010.930b 9 015 2 e + 31
1263.292334210c+03 .494023bble+010.9706204;7e+31
12 73.2 92 9332;sc + 0 3 .t oe2091 Sic +010.66334 74be e * 01
12e3.2 931246Cae+03 .797;Cd17;c+010.73S34 2430e+01
1290.2 93 4263 cic + 03 .LJ 9973259c + 010. 34 71 b b 442 e * 01
13C u .2 93 65130 7e * 03 .9u92133 S2 c + 010. 370620737e + 31
1310.2 93S962L;c+03 .09226 7704c+ 010.4 374 B7 5Le e-OS

1320.293b328.Sc+03 .5cS07110cc+010.467297241e-35
1333.293243317e+030.1393377ecc+020. e+00
134 3.2 e969S 7L.e +030.19t 1SB49 7c +020. e*LO
1350.2904929t;c+030.144438543c+020.347165106e+01

'
1360.2931624;Lc+030.14092$379t+020.373b20379e+31
13 70.2 9121737 7c+030.1202233 7tc+ 020.66334 7319 e + 31
1380.29393b2;Le*030.145738401c+020.73534/293e+01
1393.29234 Sic 4c*030.9a07$3561c+010.930b9u1Lis*31
14 C O . 2 921414 7Vc + 0,0. l u 2084141 c+ 020.973 d2 04 i 7e + 31
1410. 2 93767 S 7se + 030. 7917031 b 7c + 010.13 b b4 c 437 e + 02
1420.293660107e+030.72278316Cc+010.11412u176 +02
1930.2953436Lbe*030.39237o76.c+010.112349999e+02
19 4 0. 2 95 34 36tbe + 030.39237s 7 ale + 010.123000000e * 02
1450.2959197L9e+030.030503700c+000.106b46447e*02

I 14L3.2970271Lle+030.b10734049c + 000.11412 b 7L7e + 02
19 70.2 99341SLLc+03 .19599130Lc+010.93uB9u152e+31
1980.2 98S4 58;7e +03 .2JLO8 7799c+ 010.9 73 52042 7e + 31
1990.2 99469940c+03 .4174SJ237c+010.66334 7462e*01
15 00.2 99 7S1099e +03 .4 72G3J4 0f c +010. 73534 2 430e + 31
IS10.3031943"7c+03 .S3963a92Cc+010.347165442e+01
IL20.303t249L.e+03 .64 4LO3179c+010.37aE2u737e+ J1
1530.3034440;1c+03 .60eo244 scc +010.4374875L2e-05
IS4 0.303791SLSc+03 .L7cu3105!c+010.4 6729 7241e-OS
1* S O .2 93 S S 6 7';, c + 030.15904 2 90c c + 020. e+00'

l I S6 3.2 9 313 be 4.c + 03 0. l oS 035934 c + 020. e+JO
I S 70.2 93 b 800Cic + 0 30.15 S194 4 o2 c + 020. 34 71bS10c e + 01!

l ISt 3.2 93 4520' 7e +0a0. lo10bi404 c +020.373 c20379e + 01
| IS9 3.2 94 b179c ; c +030. ls 22 n s tbC c+ 020.66334 7319e + D1
i

IbCO.2944S39.Lc+L30.15729+92ict320.73S344293e+al
I b10.2 9S 2 7B b;9c +033. le 217 714 4 c+ 020.930t 9 u1L2 e * 31
IL2 3.2 9b014374 c + 030. le ?v17;v9c +020.9 73 E2 0417e + 31

l

!

!

!

i
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Table 2.7.2 (cont'd)

I t,3 0.2 9 s 119t T; t + 0 3 u.9ut'.3 4 L e 7t + 010.13b e 4 e 4 3 7e + 02
IS4 0. 2 5 7 350t ' .c +0;0.9e7Ss y .a.t + 0;c.119 4 2 c776e + s2.

lbS 3. 3 031602 7 .+0 sJ.co 75 3 d;).i +010.112;4 9 959e + 02.

lbt 0. 3 0316927L L * 03G. co /L 3 71J a t + 010.12D C0000a e + 32
l b 7 0. 3 02 2 30 bL 7t +030. =u tv 7 s; 7 Vo + 010.13b b4 L 4 4 7e + 02
1623.3023399Cte+030.3a75;9~77c+010.11412b767e+02
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Table 2.7.2 (cont'd)
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Table 2.7.2 (cont'd)

Jb73 3.252576-39 C.2teL7e-04 0.254o76 u4 3. t+;5 J. a+ue C. e+( COL
Jo93 3.2tih st-05 C.2 Set 7e-;* t.2Sgo7e-C4 s. e+LC u. e + Lo C. e+t000

J713 3.JS?b76 .'s 6 2'sec7e-;9 C.252o7c-c4 3. e+LS 0. e+v0 c. cetLLe
J733 3.1 63%s-Os C..io;4e-39 0.12LJ4e-ut 4. e*LG 0. e + t-0 L . e+0000

end
M*m.$1JD
pass.5

10 D.309796-02 0.Jo979e .4 t.369792-02 c. e*C0 J. e+LC 0. e*L000
33 3.569796-02 C.Jov79e-;t 0.3c979c-02 0. e+00 J. e+LC c. e+000L
S J 3.3 69 796-02 0.Jo's7?e-L/ C.36975 e-02 3. e + '. 0 D . e + Jo C. e+t000

73 3.369 796-02 0.Jo's79e-e2 C.36vi5e-02 3. e+LO 0. e+ 0C L. e*0000

19990 3.10000s+01
eic
nr .sain
pads 7

10 0.14 73bs-02 0...~ 7Jue-04 C.12 73be-02 0. e+00 D. e+00 C. e+0000
to 0.254 77s-02 0.25477e-32 0.2S4 77c-C2 0. e+CO 0. e+60 0. e+0C00
30 3.25477.-02 0.2tg77e-;s C.25477e-02 C. e+C0 U. e+vo 0. c+0Luo
40 3.254776-02 0.25977e-;2 0.2S417c-G2 3. e+C0 0. e+wC C. e+0000
50 3.12 7 3b.-02 0.1213ae-02 C.1273be-C2 3. e+C0 0. e+00 C. = + t,0u o

to 3.1630$c-02 0.lo3ebe-32 0.163dSe-02 3. e+C0 D. e+00 c. e+L000
90 3.1630$s-02 0.aoJeSe-32 0.163dSe-02 3. e+C0 0. e+ LO C. c+0000

end
fini
impe.1
sur! 1 0. c+uC 0.LJCC0000c*32 0.1L43L00Ce +01 0. 764 99999t + C0
slab 1 .

1 3
. S 7
! *100 73
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7S 77 7V bl ei 05 57 97 99 101 133 105 137 19 119 til
123 125 127 129 131 141 143 145 447 149 151 153 163 lbS 167 169
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219 229 23' 233 235 237 239 241 JS1 253 255 257 259 261 263 27J.

275 2 77 27V 2b1 1o3 405
fini
ptre
neer. rec 1. pair.b.100

(2elS.7)
D. e*0L 0. e*30
0.bS30030e*0. 0.1000uc0e-33
0.b813030e+0. 0.10J0900e-32
0.1303030e*04 0.200CuCbe-Gt
0.P833030e+0' 0.3030vcGe-32,

0.7803033e+0; 0.5030vt0e-54
0.4333000e*0' 0.20J0utoe-31.

C.433300Ce+0, 0.1u;0aCGe+J2
: fini

thou.1234
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Table 2.7.2 (cont'd) I

I J.12sc3,*c2-0.;o,4;...+ c. e+cc c. e+cs c. .*c0 0. e.0C
2 3 .4's1 7ts * C 1 L . ee.O L. 2+LO U. e+;O J. (*60C. r+t u
3 3.S b 910 6 * 02 6. 014sc * * * C. c+LO 3. e+CC 0. c'RC C. r+00
4 ? .4 b9'.b s * 01 0. to.O L. J+LO 0. c+LJ 3. e +Lc C. c+t o
t 3.Seb23.*0e v..o14ae*;* C. e+LC 0. e+LC 0 teof 0. e+(0
t 3.3594Sc+01 C. e'.9 C. c+w3 3. e+C0 0. (*.L L. e+00
7 3.9259ds+02-c.;094Ge';9 C. c+C0 J. e+C0 3. e * t o 0. e +( C
5 3.290226*01 0. ee;u C. c*GC 3. e*LJ J. t*bo C. e +( G
3 3.2239is*02 v.iostbe+at C. c+LO 0. e+C0 0 ceLC C. e+(010 3.1t2Sbs+01 C. e*0J C. c+60 J. e+LJ J. = * t C C. e+t o

11 3.S470bs-0$-C. 694Le+04 c. 2*00 3. e*CG J. c * bo 0. e+t c
12 3.372776-00 0. e*00 C. c+00 3. e*CS 0. t * Lu C. e+00
13 *3.22394s902-0..Lg4be';9 C. c'LO 3. e+CO J. c 'OL 0. e+LC
14 -3 152566+01 C. e+00 C. 4+so 3. e+CJ D. c'wo C. e +( 0
15 -3.92592s*02-0.;t%4be+39 C. c+0C 3. e*CG 0. t + 0C 0. e+00lb -3.290226*01 0. et30 C. c+C0 3. e+C0 0. r+00 0. e*L O17 -3.5bb23s+ 02 u.;o140c e st C. c*LO 0. e+CJ 0. e+wo 0. e+00
lb -3.3994Sw+01 0. e*30 C. e+00 0. e+00 0. e*GC 0. e+00
19 -3.hB910s+02-0.ls*4Le*at C. c+C0 3. e+CJ L. c ' L O 0. *+00
2C -3.4695hs*01 0. ee;0 C. c6CO 0. e*C0 3. e*00 C. e+00
21 -3.724636*02-0.1694Le*04 C. e+LO 3. e+CG 0. e*to C. e +( 0
22 -0.4937Sc+01 0. e+JO C. c*00 3. e+03 0. e+00 C. e+LO
23 3.72463t+02-0 174L3ee;4 C. e+00 3. e+03 0. r * wo C. e+00
29 3.49375s+01 0. e*30 C. e+GO 3. e+LO 0. et90 C. e+00
2S 3.6b910s+02-0.17403e+39 C. c+GO 0. e+C0 0. e + 0c C. r+00
lb 0.46950s*01 C. e*;0 C. e+c3 0. e*23 0. e+00 0. e+00
27 3 .5 b b 23 s + 02-0.17e c3e * 0 9 C. c+03 S. e+CS 0. e*00 C. e+0029 3.39945s+01 0. e*C0 C. c+C0 0. e*03 0. c'00 0. e+00
27 3.42592s+32-0.17eL3e*J9 C. e+00 J. e+00 De e*Lu D. e+00
33 3.290226*01 0. e+C0 C. e+LO 3. e+C0 C. e*00 0. e+00
31 3 .2 2 39 2 s + 02-0.17e t3 e + 3 9 C. e+00 3. e+00 D. e+00 0. e+0032 3.lS2Sbot01 0. e+30 C. c+C0 0. e+C0 4. e*LO 0. e+0C
33 3. S 9 70b s-OS-0.17e L3e * C 4 C. e+00 3. e+CG u. e+00 c. e +( 0
34 3.372776-0o C. e*30 C. e+0C 0. e+c0 0 e+LC 0. e+00
3S -3.2 2392s+02-0 17eL3e +09 C. e+00 0. e+C0 0. e*06 0. e+003b -3.It25bs+01 0. e+30 C. e+00 0. e+C0 0. e+0C 0. e+0C
3 F -3.4 2592s+ 02-0.174 L3e * 39 C. e+0C 0. e+C0 0 e * 00 0. e*00
3b -3.29022s+01 0. e + 00 C . e+L3 3. e+CU 0. e+uo C. e*00
39 -3.58b23s*02-0.17eb3e*39 C. c+00 3. e*05 3. t+00 C. e+00
40 -3.3994So*01 0. e+00 C. c+00 0. e+CO 0. e+00 0. c+00
91 -3.68916s+02-0.17463e+C4 C. c*00 0. e+C0 0 e+00 C. e+00
42 -3.469586+01 0. e*00 C. e+63 3. e +CJ 0. e*oC C. e + t'0
43 -3.72463s+02-0.17e03e+09 C. e*C0 3. e+03 0. e*0C C. e+00
44 -3 4937Ss+01 0. e 00 0. e+00 3. e+C0 0. e*00 0. e+00e

45 0. 7 2 4 bJs + 02-0.17 7i9e * G 4 C. e+C3 3. e+CQ u. e*00 C. e+00
4b 0.49315s+01 C. e+00 C. e+00 D. e+C0 0. e+00 C. e+00
47 3.n b 9166 + 02-0.17129e + 04 C. c+C0 3. e+00 D. e*bo C. e+t o
48 3.4695bs*01 0. e*JO C. c+00 3. e+00 0 etbc 0. e+00
49 3.S6623st02-0.17729e+09 C. c*C0 3. e*C0 0. e*00 C. e *( 0
SO 3.3994St+01 0. e*C0 C. e+00 3. e+0S 0. e+LO C. e+0C
S1 3. n 2 S 92 $ + 02-0.17 7.9 e +;9 C. c+00 3. e+C0 D. e+00 C. e+00
S2 3.29022s+0! 0. e*JO C. e+C0 3. e+C3 0. e+0C G. e+b0
S3 3.2239ss+02-0 171.9e*04 C. c+u0 3. e+00 0 cout C. e+0C
S4 3.152Sbs*01 0. e*GO C. e*CC 3. e + LJ 0. ete0 C. e*00
SS 3.59708s-35-0 171.9e';9 C. c+CG J. e+CC 0. c'UU G. e+00
SL 3.372776-00 0. et.0 C. e+00 3. e+C0 D. e + b t' O . ++40
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Table 2.7.2 (cont'd)

'> i * ) . 2 2 3 9 t t + 0 2 - L . 71.9 e + ; * C . ceCC 3. e+C; 3. c+LC C. e*0L

SB *J.lt/Sts*01 C. e + .0 C . e+UC 3. e*LJ u. e+0C 0. c+0C
S9 -0.92S92s+02-i.itt.9e*04 C. ;*LO 3. e*CG o. e+0C 0. e*00
00 -3.2902st+01 L. ee30 c. +;0 3. e+LO 0. r*Le G. e+0L
01 -3.S e b2sw* 32-C . 71.9e + J4 C. e+G3 3. e+C0 0. c*io 0. c'00

62 -3.39945seC1 c. e+ u L. c+tc 3. e*L3 J. e+ic C. e+t o

63 -3.5 6 9166 + 02-6. ; 7129c * L9 C. c+C0 3. e+C0 3. ce;0 C. e+00
64 -3.4695bt+01 C. e+;0 C. c+C0 3. e*C0 G. e * LO c. e*oo
65 -3.72 4 b3s + 02-0. 7 7.9e * ;4 L. c+co 3. e+C0 0. e+Lu D. c+00
60 -0.4937St+31 C. e*00 C. c*CG 0. e+CG u. eeLC L. c'( O

61 3.F24b36+02-C.17995e+04 0. e+00 0. e*CQ U. e + 90 0. e+00
tt 0.4937Ss+01 C. e+Cu C. e+C0 3. e+CG U. e + LO c. e+tl

09 3 .S b91 bs + C 2-L .17195e + 0 4 C. e+CG 3. e+00 0. ceLC 3. c+00
70 3.4t95bs+01 C. e*00 C. e+C0 3. e+0S 3. ee.0 L. e+00
71 3.Sb623s+02-0.17995e*04 C. e+C0 3. e+00 u. e+0C C. c+00

a 72 0.3994St+0! 0. e+00 0. e+C0 3. e+03 0. e+00 0. e+00
73 3.42S92s+02-0.;7495e+04 C. a+00 3. e+C0 0. e+LO 0. c+00'

F4 3.293226*01 0. e*JO C. e+00 0. e+C0 0. e + 00 U. e+00
75 3.22392t+02-0.17995e*G4 C. e+03 0. e*C3 0. c + 00 0. e+00
76 3.152Sb6+01 0. e+00 0. e+C0 0. e+GJ 0. e*LO 0. e+00

c LO 0. e+UO 0. e*00 C. e+t o17 3.S47006-0S-0.17995e+04 C. e

78 3.372776-06 0. e*30 C. e+00 3. e+c0 D. e+00 C. e+00
79 -3.22392t+02-0.17995e+04 0. e*00 3. e*00 0. e+LO 0. c+00
bc -3.152586+01 0. e+30 C. c+00 0. e+G0 0. e + 00 0. e+09
81 -0.42S92s+02-0.17995e+04 0. c+c0 0. e+00 3. e+00 0. e+00

e C0 0. e+00 C. e+00P2 -0.29022s+01 0. e+03 C. e+00 3. e

B3 *0.58623t+02-0 17995e+04 0. e+00 0. e+00 D. e+00 C. e+00
84 -3.3994Ss+01 0. e*00 C. c+00 0. e+UO 0. e + 60 L. e+00
95 -3.bu9166+02-0.17995e+04 C. e+LO 3. e+00 3. e+00 C. e+00
86 -3.46950s+01 0. e*00 C. e+00 0. e+C0 3. e*00 C. e+00
h 7 -3. 724 63c +02-0.17995e * 04 C. e+00 0. e + C0 0. e 00 0. e+00e

MB -3.4937Ss+31 0. e*00 0. etc0 C. e+C0 0. e+0C C. e+00
59 0.F4429s*02-0. lee 4Le+34 0. c+bC 0. e*C0 D. e + 00 C. e+t 0
90 0.4 87676+01 0.7 7439e +00 C. e*00 0. e+c3 0. e +00 C. e*00
91 0. 709 2 bo + 02-0.162 51 e + 04 C. c'00 0. e+C0 0. e* 00 C. e+0L
92 3.46300s+01 0.739tue+00 C. c600 0. e*LO 0. e+LO 0. e+00
93 3.60760s+02-0.;b07e+04 C. e+C0 0. e+C0 0. e+LC C. e+00
94 3.39453s+01 0.62990e*00 C. e+00 0. e+C0 0. e + 00 C. c+00
95 0.44927t+02-0.1bl9.'e*04 C. e+00 3. e+C0 c. e600 c. e+00
9$ 3.2bS646 + 31 0.45911e +C0 C. e+00 3. e+C3 3. e + LO C. c+00
97 3.2497Ss+02-0..Ls24e+04 C. c*LO 3. e+C0 3. e+v0 C. c+t o
98 3.150 70s +01 0.2 3b 70e* CO C . e+C0 3. e+0S 0. e+00 C. e+00
99 0.2bSBht+31-0 163t9e+L4 C. e+00 3. e+00 U. e +00 c. e+L O
100 3.3h445s-36 c. e+30 C. c600 J. e*C0 U. e+90 C. e *L O
101 -3.192 Sh s + 02-0.1L s9'.e * 0 4 C. e+C3 3. e+to 0. e+CO c. e+00
102 -0.! S0 70s+31-0.23o70e* 00 C. c+00 3. e +C0 0. e+00 0. e+00
103 -3.392096+02-0.1642Le*04 C. e+00 0. e*03 0. e+00 C. e+00
104 *0.2b6b46* 01-0.4 S911e + 00 C . c+LC 3. e+L3 0. e+00 C. c+t 0
10S -0.S$04 3s+ 02-0. ;L9 5.e +0 4 C. c600 C. e*C3 0. e + 00 0. e +( 0
100 -3.39453t+01-0.b.'*70e+20 C. c+00 3. e+C0 0. e + 00 L. c'00-

10 7 -3.b S 20 96 + 02-0.10107e + 04 C. e+L3 3. e*C0 0. c+00 0. c+L L
ISS -3.46390s+0l=0.13*LGe+C0 C. e+tc 3. e+LJ 3. e + L O L. e+t o
10 7 * D .6 8 712 s* 02-0.109 72 e + J 4 C. e+c0 3. e+C0 0. e*LL 0. e+00
110 -0.4 t 7h 76 + 01-0. 77e 39e + ;0 C. c+C0 3. e+CG O. e*( 0 C. =+t0
111 3.H02016+02-0..L9L9e+04 0. t+cC 3. e+C0 0. ce w0 U. c+00
112 3.4695bs**1 0.;tet7e+31 L. c LO J. e+LO U. e+ i o L. e+t 0e
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Table 2.7.2 (cont'd)

113 0. iL9966 + 0 4-0..b5Lwe +;4 :. c+LG O. e * .' O 3. e+b0 C. e *00114 3.4 4 bb0s * 01 J. A 4 dl.c + ;1 C. J'0C 0. e*LO D. e*LO C. e+00llS 3.6 7119c + 0 2-0. it N*. e . ;9 t. J+03 3. e+CO 0. e*00 C. e+0011b 3.3 79106 + 0 A L .I. J 44t e ;4 L. e+LO 0. e+C0 L. e+00 C. e+00 jlli 3.519 72 6 *02-0.;ost.e + 04 C. c+$C 3. e+LO 0. e ts o C. e+0Clit D. lib 31s+DI 0.05uY9e*;0 C. e+00 3. e+C0 J. r*w0 C. e+00119 0.Sibb h+;2-0.11c44e+04 C. e+00 0. e+C3 3. t + LO C. e+0u120 3.19511s+; 1 c.4 74 4 3e + LO C . d*00 0. t+CO 0. e+uC 0. e+00til 3.113 bSs + 0 2 -L . it,41)e + 0 4 C. e+LO 3. e+LO u. e+00 0. e+00122 3. s + 00 6. e+60 C. e+00 3. e+CO 0. e + LO 0. e+00
123 -3.9931tt+01-0.1PPP e+39 0. e+00 3. e+LO 0. r*00 0. e+00
124 -3.14S11s+01-0.4714Je+00 C. e+LO O. e+CO 0. e+00 0. e+00
125 -3.2914)s+32-C.4Lo4Le+04 C. e+00 3. e+LO 0. e + 00 C. e+00
12t -3.27b31s+01-C.SSolbe*00 C. c+C0 0. e+C0 0. e + 00 0. e+00
127 -3.443096+02-0.1to*4e+04 C. c+00 3. e+C0 0. c+00 0. e + t.0
li t *3. 3 799 0s + 01-0...J 49 e + 01 C. c+00 3. e+b0 u. e + 00 C. e+00
12 9 -3.S 417bs + 02-0.10920e +04 c. c+03 3. e+b; 0. e + 00 C. e*00130 -3.4 4 bbos* 01-0.14 51;e + 01 C. e+C0 0. e*c0 0. e+Lo C. e+00
131 -3.5 7SS1s* 02-0.1Lv3 7e +04 0. c+00 3. e*CO 0. e+ 0 0 C. e+00
132 -0.4 695bs *C1-0.!SeS 7e + 01 C. e+LC 3. e +LO 0. e+00 c. e+00
133 3.898 73s + 02-0.16 721 e +0 4 C. e+00 0. e+C0 3. e+00 0. e+00139 3.4 39 93s + 01 0.22 41be + 01 0. e+00 D. e + CO 0. e + C 0 0. e*00135 3.86 713s + 02-C .lb /3 7e + 04 C. e*00 0. e+C0 0. c+ 00 C. e+b0
136 3.41840s+01 0.21>20e+01 C. e*c0 3. e+LO 0. e + a0 0. e+00137 3.7 754 2s +02-0..b 7the +04 C. e+C0 3. e+C0 D. e+ 00 C. e+00139 3.3 5591s +01 0.Ib13Se + 31 C. c+00 0. e+co 0. e+C0 C. e+t o13) 3.b 32 Sbs * 02-0. .beSue + 04 0. etuo 0. e*C0 0. e + 00 C. e+00143 3.25859s*01 0.13470e*01 C. e+0C 0. e+L0 u. e + 0C 0. e+LO141 3.4t2b0s+02-0.1Lv4De*04 C. e+00 3. e+00 3. e+C0 C. e+00142 0.13595s+ 01 0.09407e +00 C. e*00 0. c+00 0. e+00 C. e+00143 0.2 5 3 0bs * C2-0 19vt oe + 0 4 c. e+LO 0. e+LO 0. e + 00 0. e+( 0144 3. s+00 C. e*00 C. e+30 0. e+C0 0. e+00 C. e+00145 0.53S67t+01-0.1915:e+04 C. c+00 0. e+C3 3. e*00 C. c+00
14 6 -0.13595s* 01-0 49e L7e + 00 C . e+00 0. e+C0 0. e+00 C. e+00
14 7 -3.12b 4 2 s + 02-0.194 43e + 0 4 C. e+LO 0. e + 00 0. e+La 0. e+00
14 8 -3.2 SBS 9s*01-0 13174e +01 C. e+00 0. e+C0 0. e+00 C. e+00149 -3.26926s+02-0.1931Le+04 C. e+00 3. e+ca 0. c oto C. e+00ISC -3.3 SS91s+01-C.;t a 3Se + 01 C. e*C0 0. e +00 0 e*00 0. e+0L
151 -0.36396s+02-0.19JL3e+34 C. e*c0 0. e+co D. e*LO C. e+( 0IS2 -3.41840s+01-L.J1J1Ge+31 C. e+C0 3. e+c0 0. e+C0 C. e+00153 -3. 3 925 0s + 02-0.itJ 79e + 0 4 0. e+00 0. e+C0 0. e * LO 0. e+t o
154 -3.4 399Js+ 01-C.Ji 41be + C1 C. w+00 0. e+LO J. ceCC C. e*00ISS 0.10 2 9 7s+ 0 3-0.109:4 e + 0 4 0. e+v0 0. e+CO 0. e + $0 0. e+00ISb 3.3994S6*01 0.J9u22e+01 C. e+C0 0. e+C0 0 e + 00 C. e+00157 3.10010t+03-0.1195Se*04 C. e+00 3. e+LO 0. t + 00 C. e+00
158 3.3 7990s+01 0.J7o03e+ 01 C. e+00 3. e+LG 0. e+00 0. e+toIS9 3.91774s+02-0.19910e*04 C. e+LO 0. e+C0 u. e*;C L. e+( C
lot 3.3231os+01 0.J39t;e+01 C. c+00 0. e+CO 0. c+00 0. e+00
161 0.7L604s+02-0.19110e+34 C. c+CC 0. e + C0 0. e+CO 0. e+0C
lol 0.2 34 7vs + 01 0.179t Ge * 01 C . c+00 0. e+C3 0 e+00 C. e+00
163 3.$ 24 Les + 02-0. ;94 29e +04 C. e+03 3. e*C0 D. e+00 0. e*00
I t.4 3.12344s+01 0.390tbe+00 C. e+0C 3. e+CO 0. e+LO C. c+00
lot 3.4 4 3 4 0s + C 2-0.19 JLu e + 0 4 C. J+LC 3. e+60 0. eesc 0. e+00
tot 3.307566-05 C. e+JO C. d*C0 3. e + ' 0 0. e + b0 L. e +( 0
lol 3.202316+02-0.199Y2e+04 C. c+00 3. e+C0 0. e+ 00 D. e+( 0

[ los -3.le3946*Cl*L.bScLye*Ju C. c+LO O. e+LO 0 e+00 C. e+00

!
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i

169 3.vbbuss+04-i. 9ulie*09 i. c+LO J. e + '. L 3 . e * 00 0. e +( 0
170 -3.2 34 796 * 01-0. 7vt'.e * ;1 C. c+C0 3. e+c0 J. ette 0. e+tc

1 71 -3. $ 0 S 11 s * 01-0. ;'e lebe e .* C. c+0c 3. e+C0 a. e+tc c. e+t o
c cC 3. e+CC 0. e+0c U. e+00172 -3.32310%+: 1 6.2)* 19ee;1 C. o

173 * 0.114 3bs+ 02-0.19 7tLe * 04 C. c+G3 C. e+0S 0. e+we C. e+00

179 -3. 5 79906 + 01-C .2 7ec;e + 01 C. c+C3 3. e+C0 3. e + Gu J. e+00
175 * 3.14 2 7 76 * 02-C .19 41 Le + '* C . a+03 3. e*Us D. e+t,C 0. e+0C

e to c. r+0L14L -3.39995s*01-0.J9vJ;e*CA C. Je90 3. e*LO 0. s

177 0.1192S6+03-0.1914L(e0g 0. e+v3 3. e+C0 0. e+tc C. e+00
17 3.349136*01 0.34913e+01 0. e+C0 0. e+C0 a. e + 00 c. e+00
179 3.1167*s*03-0.19450e+)9 C. J+00 3. e+00 0. e+00 c. e+00
lbo 3.3320Sw+31 v.3)dCLe*;1 C. 5+C0 3. e+C0 0. e+tc 0. e+00
161 3.lC940s*03-0. 9423e+04 C. c+00 3. e+C0 D. e+00 C. e+00
lb2 3.2b24St+01 0.26444eesa C. e+C0 3. e+C0 0. e+00 C. e+00
lb3 3.9b1276+02-0.;9330e*34 C. c+00 3. e+C0 v. e+0s G. e+t c
184 3.20S226+01 C.20522e*01 C. e+c0 3. e+LO 0. e+00 ;. e +( C

19S 3.93843%*02-0.19979e+04 C. e+C3 3. e+00 0. e+00 3. e+00
lub 3 10709s*01 0.40709ee;1 C. e+00 3. e+C0 0. e+00 J. e+00
lb7 3.bbO106+C2-0. 9037e*09 C. e+00 0. e+C0 J. e+00 C. e+00
thE 0. s+00 0. e+GO C. c+00 3. e+C0 0. e*00 3. e+00
lb9 3.521706+02-0.1979Le*C9 C. e+C3 0. e*00 0. e+00 C. e+00
190 -0.10 7896+01-C.10 7t9e + C1 C. g*00 3. e+00 0. e + 0C 0. e+00
191 0.378926+02-0.19939e*09 C. e+00 3. e* 0 u. e+ s 0 C. e+00
192 -3.20S216+31-0.205Z0e+31 C. c+00 0. e + 00 0. e+00 C. e+00
193 3.2bSS76+02 u.20wt2t*34 C. e+C0 0. e+C0 0. e + w C 0. e+00
194 -3.2924Ss*01-0.2Le40e*01 C. e+0C 3. e*C0 0. e + 00 C. e+00
195 3.19279s*02-C.20125e+09 C. cec 0 3. e+C3 0. e + 00 0. e+00
196 -3.33204c+01-0.33203e+31 C. e+00 0. e+CO 0. e + 00 0. e+00
197 3.16771s+02-0 20150e*04 C. e*00 0. e+00 0. e+00 0. e+00
198 -3 34913s+01-0.34913e+01 0. e+00 3. e+C0 0. e+tc C. e+00
197 3 13831 *03-0 19seue+0, O. e+00 3. e+C3 0. e+0c 0. e+00
200 3.293226+31 0.39944e*01 C. c+C3 3. e+C0 0. e+v0 c. e+tc
201 0.136226+03-0.19310e+;9 C. e+00 3. u+03 0. e+00 D. e+00
202 0.27 bolt +01 0.37990e+3s C. e+00 0. e+00 0. e+00 0. e+00
203 3.130176+03-0.19900e+;9 C. c+00 0. e+C0 0. e+0C 0. e+00
204 3.234796+01 0.34J17e*01 0. c+C3 3. e*c0 0. e+0C o. e+00
205 3.1207Ss+03-0.19S49e+04 C. e+00 3. e+00 D. e+00 C. e+00
20L 3.170596+01 0.23979e+01 0. c+00 0. e+00 0. e+0u 0. e+( 0
237 3.108Dts+03-0.19093e+34 0. c+u0 3. e+C0 0. e*00 C. e+00
20e 3.596S26+00 0.li>44e+31 C. e+60 3. e+C0 p. e + 00 C. e et 0
209 3.95716%+02-0.19n7%e+04 0. e+C0 0. e+C0 0. e*00 0. e+00
210 3. o+00 0. e*00 C. c+00 3. e+C0 0. e+00 C. e+00
(11 0.8255$s+02-0 20vS5e+0g O. e+00 0. e+C0 U. e+0C C. e+00
212 -0.896826+00-0.li>44e*01 C. e+00 3. e+00 u. e + v0 C. e+00
213 0.706S1s+02-0.20419e+04 C. c+00 3. e+C0 0. e*uo 0. e+00
214 -3 173S9s* 01-0.2 34 7?e + 31 0. e+00 3. e+C0 0. e+00 c. e+00
(It 3.6125bs*02-C.20J4Je'e4 0. c'00 3. e+C0 D. e+00 C. c+00
21t -0.23479s*01-0.Jis17e*01 C. c*C3 0. e+00 3. e+00 C. e+LO
217 3.SS20bo+02-0.2Cg3.e+39 C. e*C0 3. e+C0 0. e+00 0. e+00
219 -3.2 7601s+ 01-0.3 74?ue * 01 C. J+CO 3. e+CC u. e+(0 0. e+t o
t19 0.S31296+C2-0.2Cgoce*0s C. c'00 C. t+03 0. e+90 C. e+00
220 +3.29022c+01-0.39549e+.a 0. c+00 3. e+C0 u. t *( 0 C. e+( 0
221 3.1596bs*J3-0..S*19e*J4 C. e+C0 3. e+C0 U. e+00 C. e+t b
222 3.22416 +31 0 439?)e*:1 C. e*L3 3. e+C0 u. e + .. U s . e+tl,

223 3. l S S 3 76 + 0 J- 0.199 ' v e * 0 4 C. c+00 0. e+C0 u. e+0e 0. e+t c
(24 3.21319s*01 0.4104Le+01 C. e+03 3. e+C0 J. e * ve D. e+t c
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Table 2.7.2(cont'd)

27t 3 .15 3 4 0s * 0 3- 0. ; 9 54; r + L t C. J+LO 0. t + '. 0 J . *+v0 C. e +l 0
tit 3.1313 5. * C1 6.Ji sYsce.1 L. s+LO 0. e+0sw. e*0L C. e +t b
427 3.14blis*03-0.;90LSe*.* C. e+LC 0. e*LO D. c*.DL. e*t0
dit J . ! >1766 * 21 0.Jt o! 9e * 01 C. .*cc 3. e*Ce 3. e+90 C. enL
.29 3.13tMSs * 93-C . 5etae e ,* C. c'00 3. e + GO 0. t*C0C. e+t 0
*

233 3.S9tL7s*Jo v..L5V4e.L1 C. e+00 3. e+C0 u. c+0L C. e+00
231 3.1/S70s*03-0.JLuo4e+09 L. e+LO 0. e + La 0. ro be . . e+t o
232 3. seDO C. e+Ju L. J+LD 0. e+LC D. t o 60 v. c+t t
435 3 116b2c'03-0.JCat 4e +.* 0. e+L3 0. e*c0 c. e+0L U. c*t t
ts4 -3.69269s*00-c.135Voe*)1 b. a+LO O. e + 00 0. c+0L 0. e+t o
23b 3.107956403-0.JL944e*04 C. c+vC 0. e+La J. e+,C C. e+t 0
136 -3.13176 * 31-0.JSot 7e + sa L. e*c0 0. e+cc v. e+ve c. e+LO237 3.10017s * 0 3-0 20 2H7e * ;* C. e+C0 ;. e+GO J. e+00 L. e+t o
.Jb -3.181356401-L.Jt39.e*01 C. c+00 3. e*LO 0. e+0L L. e+00
239 3.9 5 4 9bs + 0 2-0.J L c 70e + 0 4 L. c+bC 3. e+C0 Q. c + 00 c. e+00
240 -0.21319s*01 6.41o40e*01 C. e+GO 0. e+C0 D. e+0C 0. e+LO
241 3.93890t+02-0.20710e*04 C. e+C3 0. e+C0 0. c+LL C. e+t 0
242 -3.22416s*01-0 4399Je+;1 0. e+LO 0. e+LO 0. t*OC L. e+00
243 3.182046*03-0.1951Le*04 0. e*00 3. e+30 0. e+LO c. e+00
244 3.152Sbs+01 0.46900e+0! C. e+00 0. e+C0 D. e*00 C. e+00
24S 3.161746903-0.1954Le+39 c. c+00 3. e+C0 0. e+00 C. e+00
24L 3.14S 11s * 01 0.4 4 0! 9e * 01 0. c 00 0. e*00 D. e+00 C. e+00e

44 7 3.178 56s+ 0 3-0.190 40e + 39 C. e+03 0. e+LO 0. e +( 0 L. e+00
245 3.12344s+01 0.37990e+01 C. e+LO 0. e+C0 0. e +00 C. e*LO
249 0.173 bit *03-0.19799e*09 C. ce00 0. e + 00 D. e+00 0. e+00
etc 3.6968ts+00 0 27ocie*01 C. etc0 3. e+CO 0. etv0 C. e + t4 0
251 0.167376+03-0.19591e+04 0. e+60 3. e*C0 D. c'OC L. e+00
2S2 0.4714bs+00 0.14511e+J1 0. e+C0 0. e+00 D. e+LO 0. e+00
2S3 3 1604Sc+03-0.20t04e*34 0. e*C0 3. e*C0 0. e*C0 0. e+00
2S4 3. s*00 c. e+30 0. e+LO 0. e+C0 0. e+00 c. e+ub
255 3.15 3 5 3s + 0 3-0.2 0917e + 09 0. c+co 3. e*uo 3. e+90 L. e+00
25t -0.4 714 96 + 00-0.14 511e + C 1 C. e*C0 3. e*C0 0. e+00 0. e+00
tSi 3 14 72bo * 03-0.2Lo0?e + 0g C. e*00 3. e +C0 D. e*C0 0. c+00
259 -3.896026'00-0.J7o03e+01 0. e+00 3. e+C0 U. e+LC L. e*LO
2S9 3.142336403-0.207Lle*09 0. e+00 0. e+C0 0. e+ 0C L. e+0C
260 -3.12344s+01-0.37990e+01 C. c+00 3. e*C0 0. e+00 0. e+00
2t1 3 1391St*03-0.20oS9e*09 0. c+00 0. e+C0 0. e * LO 0. e+00
262 -3.14511s+01-0 94ot9e+G1 C. e+00 0. e +C0 0. e+ 00 L. e+00
2b3 0.13 boss + 03-C .JC o?Je * 0s C. e+00 0. e +C0 0. e+00 U. e+00
2$4 -3.!S2Sbt+01-0.4L9%Ue+01 0. c+00 0. e*CO 0. e+bo 0. e+00
2t5 3. 2 0 721 s * 0 3-0.195 7Je * 04 0. e+LO 0. e+00 0. e+LC 0. e+00
lbt 3.772396*00 0.407t7e+31 C. e+c0 0. e * 'J O D . e+0C 0. e+LO
267 3.20bbbs*03-0.19000e*09 C. c+CC 0. e+C0 0, c'LO 0. e+00
2 t. b 3.7345es*00 0.4t/ sele *01 C. c+C0 3. e+C0 0. e*LO 0. c+LD
tot 3.20SOSw+03-0. 981be*C4 C. s+v0 3. e+CO 0. e+00 u. e +( 0
270 3.b2408s*00 0.399t2e+31 C. s+60 D. e+C0 o. e+v0 c. e+00
271 3.20254s*03-0.19otLe+09 C. e*C0 3. e+C0 0. e +00 C. e+LO
lit 3.4t400t*00 0.2Lo64e+;1 C. e+00 3. e+00 0. e*L0 C. e*00
273 0.1993bs*03-0.JLutue*;t C. c+00 3. e *C0 o. e * v0 C. c+00
2 74 3.238bbs+00 C.itu?;e+C1 C. u+00 3. e+LO 0. e+ 00 c. e+t o
275 3.19SBbs+03-0.J0te9e*C9 C. c+C0 3. e+co D. e + 0c C. e+00
271 3. (*00 0. e+C0 C. e+00 J. e+C0 0. e+LO u. e*t o
(77 3.19237s*03-0.JL31ue+04 C. e+0L 3. e+C0 6. e * 00 C. e+00
2 18 -3.23bSb6*00-0.itu70e+;t C. c+C3 3. e+C0 3. c se O. t +t Uo

277 3.169246*03-C.JLt10e'.4 C. c+90 3. e+LO 0. e+0C C. r+00
2bC *3.45401s+00-C.Jbutte+01 C. c490 3. e+00 u. e*iO L. e+LL
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Table 2.7.2 (Cont'd) )
i

4+1 3. l b 6 71 * C J-3.J LetLe +;9 C. .+60 0. e+LC 0. c+JU C. e+00
.u -3.54 % C b s + ;9-6.JS9 t 4 e e .1 C. e+;3 3. e+LS J. c+uC L. c't v'

<b? 3.lbS106*03 v.JL970e*ag 0. a+LO 0. e+C0 C. e+0C C. e+LO
tt4 -3. i> 4'i96 + 00-0.9 t > 7'J e + 31 C. c+0C 3. e+0C 0. e + 60 C. e+0L
2t> 3. l t 459s + 0 3-; .21uche +09 C. J+00 3. e*CS 3. e * wC C. e+t c
.bt -3. 7 72 39t + 00-0.9 s sL 7e + 01 L. c+C3 3. e+C0 0. c + 00 C. c'00
ibi 3.2 J2 20$+ 03-J. 4 59se +0 4 L. e+CC 3. e+C0 u. e + 0c 0. e+00
teh -).245056-29 0.49J75ee;1 C. c+L3 3. e+LS L. c+vt J. e+00
th9 3.2 3 2 2 0$ + 0J-0.15c.'b e + 0 9 C. e+00 J. e+CU O. t+00 C. c+00
#93 3. s+00 0.4t900e+31 C. c+C0 3. e+CG 0. c + 0c G. e+00
291 3.2322Gw+03-0. 913;e+;t G. e+cG 3. e+C0 0. e + bt J. r+t o
292 3. 6+00 0.39994e+;l C. c+vC 3. e+Lu D. e+tt C. e+0C
293 3.232206+03-0.lSo?.e+09 C. c+03 3. e+CG 3. e+LC 0. e+LO
294 3. s+00 0.2902;e*01 C. ceCD 3. e+C0 0. e + Lu C. e+t c

95 3.2 32 2 06 + 0 3-s .JL w94 e e a t C. e+c3 J. e*C0 J. e*LC 6. e+0L
29L 3. s+ 00 C.154S 7e + C1 C. e+LC 3. e+C0 0. c+00 C. e+00
297 3.23220s+03-0.20J1Le+39 C. e+00 3. e+C0 0. e + 00 c. e+00
49B 3. .*C0 C. e+00 C. e+0C J. e+GJ 0. e+00 v. e+0C
299 3.232206+03-0.JC591e+34 L. e+03 3. e+C4 c. e+LC 0. e+t 0
JDC 3. s+00-G.iS4S7e+:a 0. a+0C L. e+0C O. e+0C 0. r+( 0
301 3.23220s+03-0.20193e+09 C. e+00 3. e +US 0. e + LO L. e*00
302 3. w*30-C.J9wJJe+01 C. e+GC 3. e+C0 0. cee0 C. e+0C
303 3.23220$+03-3.JL904e+39 C. e+03 3. e+C0 0. e+00 0. e+00
J34 3. s*00-0.39v96e+01 C. c+C0 0. e+00 3. c+00 0. e+t 0
3GS 3.JJ220.+03-C.J1ut7e+34 0. e+CC 3. e+C0 0. e+(0 C. e+00
30t 3. $+00-0.46950e+31 0. c+60 3. e+;4 0. e+60 C. e+oo
307 3.23220s*03-0.J1u42e+39 C. e+C0 0. e+CU 0. e * 00 c. e+00
30u 3.2 4 bot s-09-0. 49J 75e * 01 0. e+03 0. e +C3 0. e*LC 0. e*00
J09 0.2Shus +0J-0. 95'13e+39 C. c+LC 3. e+C0 0. e * 00 C. e+00
313 -3.246056-04 0.99J79e+01 C. e+L3 3. e+C0 c. e *00 C. e+00
311 3.258S3s+03-0.19o20e*09 0. e+C3 3. e+CL 0. e + 00 0. e+00
312 3. s+00 0.4t.960e*01 0. e+CC 0. e+C0 0. e + 0C 0. c'00
313 3.2SBS36+03-0.19'lJ.e+34 C. e+00 3. e+00 0. e*00 C. e+00
314 3. s+00 0.39994e+31 C. e+03 3. e*C0 0. e+00 C. e*00
J15 3.258B3s+03-0.19h?Je+34 C. e+0C 3. e+C3 0. c+00 0. e+00
316 3. s*00 C.J9v20e+C1 C. e+C0 3. e+00 3. e * 00 C. e+00
J17 3.2 S h u 3s + 03-C .20u94 e + 04 C. e+CQ 3. e+C0 0, e+wo C. e+00
319 3. s+ 00 0.154S 7e * J1 C. e+00 0, e+00 D. e+00 L. e+00
J19 3.2Sb43s+03-0.20410e+09 0. c+C0 3. e+LO 0. e+ 0c C. e+00
JiC 3. .+C0 0. e+00 C. e+co 3. e+C0 0. e* oo C. e+00
321 3. 2 58 9 3% + 0 3-0.2 05 41 e + 0 9 C. e+00 3. e*CQ 0. e+00 U. e*bc
Je2 3. s+30-3.15 $7e+01 0. e*00 3. e+00 3. c+00 C. e+00i

323 3.2Sn93%+03-0.00/93e+44 C. J+0C 3. e+C0 0. e+00 C. e+00
324 3. 6+00-0.29uJ2e*01 C. c*ue 3. e+00 0. e*ao C. e+00
sit 3.258836+03-0.2C904=+09 0. c+00 3. e*03 0. e * 00 C. e+00
J20 3. s+00-0.39990e+01 0. c+00 3. e+03 0. e + 00 0. e+00
Ji7 3.2SbS3%+03-0.Javo7e+04 L. a+GO 0. e+D3 u. e + 0 0 0. e+00
32e 3. s+00-0.9095Ge+31 C. e+00 3. e*00 D. e + 6 0 C. e+( C
329 3.2ShD3s+03-0.J194.e+39 L. c+00 3. e+C0 3. e + 00 C. e+( 0
333 3.2 4 boss-04-0 9 93 75e +31 C. e+03 0. e*U0 3. c+vo 0. e+LL
3 51 J.3CS4*s+33-o.19593e+39 C. a+00 J. e+C0 0. e+0C 0. c + t.0
J32 -3.2% boss *09 0.49J75e+01 C. a+v3 3. e*L; u. e+LC C. e+00
J33 3.3054 96+0J-0. 9c20e+C4 C. e*C0 0. e+CG O. c + 00 C. e+(0
s34 3. s+00 0 409tte*01 C. c+03 3. e+0a 3. e + vu 0. e+00
J35 3. 36S 4 96 + 33-0.15 #;;e + 0 9 C. ;*00 3. e+04 3. c+ 00 C. e+( L
J3b 3. s+ 00 3.39994e +31 C. e+C0 J. e*LO 0. etat C. e+t c
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Table 2.7.2 (cont'd)

3s7 3.s;S445*0J-;..sou.c*3. e+t; 3. e + s a. ++ce e. e +( 0.. .

*3t 3. s * C J C . J 9 w 2. e * ,1 C. e+c0 3. e+LO 3. e+ wc C. e+(C
J39 3.sC54st+33-0.2Lo se.;g C. e+60 3. e + '; J 3 . c + so 0. e +( 0u

34C 3. c+ C O 0.ite* ?c eva C. e+LC 3. e+L3 0. e+LL C. e*00
J41 3.3LS44s+03-0.20J1Le+a9 C. a*wo 3. e + C0 3. c + e J. e+( o
34i 3. s+ 00 C. e + ;J 0. 4+CC 3. e+C0 J. e+30 C. e+(0
3+3 3. 305 4 4s+ 0 3-i .JL s9.e +3 9 C. e+03 3. e +00 3. e+wo C. e+t o
344 3. s + 00-0. t ' e 5 7e + 31 C . e+C3 3. e +05 O. c+LO L. e+00
34' 3.3059%.**J 6.JL#4se+3% 0. e+C0 3. e+00 0. . + cc u. e+LO
340 3. 6+00-C.J9aJ2e+01 0. e+LO 3. e+LO 0. c + .0 c. e+(0
347 3.3GS446+03-0.JC9the+39 L. c+00 3. e+03 3. e *LO C. e+00
34e 3. s+00-0.39590e+31 C. e+00 3. e+CG J. e+6C u. e+t b
347 3.3GS44s*0J-C.J1uc7e*34 C. e+c0 3. e+C0 C. e*uc C. e+00
3%; 3. s*00-0.%o953e+C1 C. e+uC 3. e+LO D. c + t. C C . e+t u
JA1 3.63S44s+03*L.01992e+C9 C. e+CO 0. e+C0 0. e + ( C 0. e+00
J' ? 3.24 60Ss-Os-0.49J 7ke + 01 C. c+C0 0. e +c0 0. e + 00 c. e+00
JSJ 3.3bi30%+03-0 19593e*09 C. e*00 3. e+C0 J. c+(C 0. e+00
35% -3.2460Ss-Cs 0.4937Le+31 0. e*c0 3. e+03 0. e+v0 0. e +( 0
35S 3.38700c+03-0.1902Le*04 C. e+00 3. e+c0 0. e + 00 U. e+00
J' b 3. (+00 0 4t.500e+01 C. e+00 3. e+C0 0. e+00 0. e * (<0
JS F 3.3t700s+03-0.191J;e+04 C. c'0C 3. e+C0 0. e * UC 0. e+00
JS8 3. s+00 0.39544e*01 0. e+c3 3. e+C0 4. e+60 C. e+00
JS9 3.38700s+03-0.19e9 e*09 C. e+00 3. e+03 0. c*00 0. e+00
Jt 3 3. (+00 0.29u22e+01 0. e+00 3. e+C0 0. e+00 c. e+t o
3t1 3.3 b 700c+ 03-0.2 C u?4e + 34 0. e+LO 3. e*CC 0. e * 00 C. e+00
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Table 2.7.2 (cont'd)<
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