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CALCULATIONS TO SUPPORT REVIEW / 27/ Ol/-
OF U.S. DEPARTMENT OF ENERGY DRIFT DEGRADATION ANALYSIS

The U.S. Department of Energy (DOE) has recently released a report documenting aspects of its - --

drift degradation analysis for the proposed Yucca Mountain repository (Drift Degradation Analysis.

ANL-EBS-MD-000027, Revision 02, 2003). DOE intends to release other reports or amendments .-

to the current report subsequently to complete the documentation of its drift degradation analysis.

The objective of drift degradation analysis is to characterize any potential instability of waste-

emplacement drifts at the proposed Yucca Mountain repository for high-level nuclear waste during ...

a regulatory period of 10,000 years after closure of the repository. Characterization of potential

instability of the emplacement drifts is needed for several reasons. First, individual rock blocks large ...

enough to cause mechanical damage may strike the drip shield one or more times during the
regulatory period. The drip shield was introduced into the design of the engineered barrier system
to protect the waste package from seepage water and from rockfall loads. Second, sustained '

mechanical loading from accumulated rockfall rubble may cause mechanical damage of the drip

shield. Third, the insulating effects of accumulated rubble, if a sufficient amount of rubble

accumulates in the openings early enough to affect heat flow, may cause an increase in __

temperature of the engineered barrier system components. Such increase in temperature may
cause the load-bearing capacity of the drip shield to decrease and may affect other
physical/chemical processes relevant to the long-term performance of the engineered barrier

system. Fourth, the presence of rockfall rubble in the openings may affect the potential for seepage

water contacting the engineered barrier system components.

The results of drift degradation analysis, therefore, are needed to evaluate the drip shield design

and assess the values of environmental parameters such as temperature and relative humidity used
in performance assessment calculations. The following information is needed from the analysis.

(1) Description of potential dynamic rock-block impacts on the drip shield. Such
description should include the mass and impact energy associated with each event

(of a rock block striking a drip shield) and the probability of occurrence of such =

event. &lﬂ

(2) Weight of rubble supported by the drip shield and the rate of accumulation of such[
rubble.

(3) Change in configuration of the emplacement drifts owing to rockfall and

accumulation of rockfall rubble.

The DOE report will be reviewed to determine if the information provided in the report will be

adequate considering items (1)—(3). The review will be supported as necessary with a series of =~

confirmatory calculations documented in this scientific notebook. Calculations may be provided by
any one of the following participants
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Blended thermal load, Watt per wastepackage, interpolated in TPA5.0.
Columns A and B extracted from spread sheet provided by R. Fedors (1/28/2004)
Column B includes 70% ventilation during first 50 yr.

Time

0
2.3102
4.6744
7.094
9.5702
12.104
14.698
17.352
20.069
22.849
25.694
28.605
31.585
34.635
37.756

40.95

g 44.219
\ﬁ‘l’ 47.564

PN 50.988
\ 54.492
58.078

61.747

¢ .

. ¢
7913.7
8101.3
8293.3
8489.7
8690.8
A X7 gs966
\\\r 9107.2
9322.7
9543.3
9769
10000

heat load, W/WP

2190.3
2107.6

2025
1932.3

1848
1715l
1700.5
1635.4
15751
15191
1455.4
1388.8
13271
1269.8
1216.5
1166.7
1120.1
1076.4
3451.3
3322.4
3200.9
3086.?

-~ o
>

$r o TPABOHeatload xbs.

”zﬁil

Linear heat load based on: WP length = 5.06 m; spacing=0.1m

Time (yr)

2.00E-06
2.3102
4.6744
7.094
9.5702
12.104
14.698
ii7.352
20.069
22.849
25.694
28.605
31.585
34.635
37.756
40.95
44,219
47.564
50.988
54.492
58.078
61.747
Y ]

s ¢
: t
7913.7
8101.3
8293.3
8489.7
8690.8
8896.6
9107.2
9322.7
9543.3
9769
10000

Ventilated heat load (W/m)

424.4767
408.4496
392.4419
374.4767
358.1395
343.2364
329.5543
316.9380
305.2519
294.3992
282.0543
269.1473
257.1899
246.0853
235.7558
226.1047
217.0736
208.6047
668.8566
643.8760
620.3295
598.1008
[ ’
[ [}
! f
25.9264
25.6492
25.3760
25.1066
24.8391
24.5756
24.3140
24.0562
23.8004
23.5465
23.2791

Full heat load (W/m)
1414.9225
1361.4987
1308.1395
1248.2558
1193.7984
1144.1214
1098.5142
1056.4599
1017.5065

981.3307
940.1809
897.1576
857.2997
820.2842
785.8527
753.6822
723.5788
695.3488
668.8566
643.8760
620.3295

598.1008

N K

[} (}

' .
25.9264
25.6492
25.3760
25.1066
24.8391
24.5756
24.3140
24.0562
23.8004
23.5465
23.2791
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/********'k*‘k********************************************‘k**************

DritTsrc

This code prepares heat source history input for ABAQUS using tabulated

(Drift Thermal Source Calculator)

linear-heat-load history. The heat load is converted to a volumetric source
strength per unit volume of emplacement drift.

The input data are:

1.
2

Output:

Source-strength history (J/yr/m”3) output following ABAQUS input format.

Author:
Date:
System:

**********************************************************************/

Linear heat load (W/m) file ventilatedHeatLoad.txt
Drift diameter (5.5 m)

G. I. Ofoegbu
Jan 28 2004
C++ compiler

(Code developed using Borland C++ Builder 6)

J = e

#include
#include
#include
#include
#include
#include
#include
#include

<stdio>
<iostream>
<iomanip>
<fstream>
<strstrea>
<math>
<string>
<conio>

#pragma hdrstop

#include

<condefs>

using namespace std;

¥pragma argsused
int main(int argc, char* argvl])

{

// System constants

float
float
float
char*
char*

// Open

driftHeight = 5.5;

pi = 4.0*atan{(1.0);

secPerYear = 365.25*%24.0%60.0%60.0;

outFileName= "d:\\TMResrs\\YMHeatLoad\\drftSrc.def";
inFileName = "d:\\TMResrs\\YMHeatLoad\\ventilatedHeatLoad.txt";

input and output files

ofstream Fout (outFileName) ;
if (1Fout){

cerr << "Unable to open file " << outFileName << endl;
cout << "Press return to end ";
getch();

return (1);

}

ifstream Fin(inFileName) ;
if (!Fin){

cerr << "Unable to open file " << inFileName << endl;
cout << "Press return to end ";
getch();

return (1);

}

// Prepare output files

Fout <<
Fout <<
<<
<<

|I***\n";

"*** Heat source strength function for a "
setiosflags(ios::fixed) << setprecision(l)
driftHeight

<< "-m diameter drift"

<<
Fout <<

<< resetiosflags(ios::fixed)
endl;
"*** Includes 70% ventilation reduction for 50 yr"
endl;

<<
Fout << "*** 1 qgl1,t2,q2

etc\n";

Fout << "*** t = time in yr; g = Joules/m"3/yr\n";
Fout << "*#**\n";

// Read WP thermal-output history from file

char buf([1517];
size_t nBuf = sizeof (buf);

See. wat

float yr,wpm;
int onThisLine = 0;
float. srcStrength;
float xSecArea = driftHeight*driftHeight* (pi/4.0);
while (Fin) {

Fin.getline{buf,150);

istrstream inpLine (buf,nBuf);

inpLine >> yr >> wpm;

if (inpLine.good()){

srcStrength = wpm*secPerYear/xSecArea;

if (onThisLine == 3){

Fout << setiosflags(ios:
<< getw(1l2) << yr << ®, v
<< setprecision(5)
<< setw(l2) << gsrcStrength
<< resetiosflags (ios::scientific)
<< endl;

onThisLine = 0;

:scientific) << setprecision(3)

}
else{

Fout << setiosflags(ios::scientific) << setprecision(3)
<< setw(l2) << yr << ", " ’
<< gsetprecision(5)
<< setw(12) << srcStrength << ",
<< resetiosflags(ios::scientific);

onThisLine++;

}

}
}

cout << "Done
getch();
return 0;

. Press return to end: ";

IW’T' %LQ.. ¢h“‘116 TeAHm* Load -t;f

(o L

§T1me (yr)

2.0E-6 424 4767
2.3182 4088.4496
h 6744 392 4419
7.094 37U 4767
9.5782 358.139%
12104 343.2364
14,698 329.5543
17.35%2 316.9388
28.869 305.2519
22_849 294 _3992
25.694 282.8543
28.605 269.1473
31.585 257.1899
34_635 245.68532
37.756 235.7558
48.95 226 .1847
h 219 217.8736
L7 .564 2088.6047
CO.988 A668.8566
54 492 643.8768
CB.O78 6208.329%
61747 ?98:1938
A
RIS
"\,.l L A
7@38.2 27_.3508
7285.3 27.8601
7376.3 26.7713
7581.3 26.4864
7738.4 26.2054
7913.7 25.9264
8181.3 25.6492
8293.3 25.3768
8489.7 25_14866
8698.8 24_.8391
8896.6 24.5756
9167.2 24.3148
9322.7 24_0562
oo43.3 23.800804
9769 23 .5465
100040 23.279M1

D: \THHesrs\YHHeatLoad\ventllatedHeatLuad txt
Uentilated heat load (W/m)
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STRENGTH VERSUS STIFFNESS DATA FOR LITHOPHYSAL ROCK

Data defining the relationship between rock-mass strength and stiffness of the lithophysal rocks is
one of the important inputs to the DOE assessment of thermally induced rockfall at the Yucca
Mountain repository. This data is important because the rock-mass stiffness has a strong effect on
thermal stress whereas the rock-mass strength determines the load-bearing capacity (resistance to
thermal stress) of the rock. The occurrence or nonoccurrence of thermally induced rockfall,
therefore, may be (inadvertently) prescribed by specifying a stren gth-to-stiffness relationship for the

rock mass.

The DOE data describing such a relationship is provided in Table V-8 of the drift degradation report.
The table and the DOE interpretation of the data are reproduced on p. 9 of this notebook. T he DOE
interpretation consists of representing the data as a best-fit straight line that is further divided into
five segments. Each segment is represented by a value of unconfined compressive strength and a
value of Young’s modulus as provided in Table V-9 of the drift degradation report (see p. 9 of this
notebook). The uncertainty in the DOE strength and stiffness data for lithophysal rocks is not
adequately captured in this DOE interpretation of the data.

An alternative interpretation of the data, which was developed using the spread-sheet calculation
documented on p. 10—11 of this notebook (file Lithophysal_Rock-Strength.xls), consists of defining
the 95% confidence interval for the rock strength as a function of the rock stiffness. This
interpretation indicates that the DOE data provides a 95% confidence that the value of unconfined
compressive strength would lie within the limits identified in the following table for the specified

values of Young’s modulus.

95% Confidence Limits for Unconfined Compressive Strength (MPa)

Young’s Modulus (GP .
ung’s Modulus (GPa) Lower Limit Upper Limit

5.0 4.8 2145

10.0 79 29.6

1510 1.1 3.7

20.0 14.2 45.8

Analysis will be performed using the values in the above table to determine how the DOE assessment
of thermally induced rockfall might have been affected by the uncertainty in the rock-mass strength-

versus-stiffness relationship.
\)(\0\«\
J

Drift Degradation Analysis

Drift Degradation Analysis
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Note: These samples have an L:D ratio less than 1.5.

40

Table V-8. Mechanical Properties of Lithophysal Tuff from Large-Diameter Samples
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Table V-15.  Thermal Conductivity for Various Thermal Mechanical Units and Associated . - \{

Drift Degradation Analysis

Table V-1. Density Data for Various Thermal ical Units and Associated Litt igraphic Units N Lithostratigraphic Units )
Thermal Mechanical 3 b ; Thermal Conductivity”
Unit Stratigraphic Unit| Thickness®(m) | Buik Density (kg/m’} OTN ; Thermal Mechanical unit| T * (m) (Wim°K) DTN® .
[Tpepva 00 2310 . Unit Ts100°C | T>100°C
e T— o | eo | ow | s [ le%9 3 265:25 X 24 X bOX 60) S
Toc 4v ! 05 1450 . - Tpopv2 5.1 1.06 0.49 i e W
|[Tpbte 3.5 om0 Tpepvt 24 1.06 0.49 { r
1oy : 0.5 1.06 0.49 s vy,
Tpbtd . ; i .
TCw/PTn Tpbt3 3.8 1::2 Tpy 3.8 1.06 0.49 I e " N . v -
ngm :; e 303T0503102.008 ’ TCw/ PTn Tpbt3 38 1.06 0.49 { -
P! . i
[Tptrva 1o 1460 ) . Tpp 5.1 1.06 g-:‘-; 303T0503102.008 . q 6 q‘ j‘
[Totrv2 12 1460 : %% ?‘; :‘gz 0.49 = X l 0 \4 Y' LA8) ’ - .
- — . pirv: . . . . .
M:an {weighted by unit th:cl;ness) ;;162 ] Tov2 12 1.06 0.49
%L:N 35 6 2190 - Mean (weighted by unit thickness) 1.06 0.49
[Tptrn : - 0.69
b Tptrvt 12 0.80
‘{TSV‘” [Tpte! 6.1 2190 ’ . Tptm 356 181 1.30 ’ .
™ Tptpul 66.8 1834 w1 o o vy 130
Mean {weighted by unit thickness) _ [1974 W T I:_ . Gb: 8 177 118 l M g —— O q X l D S V r! M ¢
Tptpmn 38.3 2148 SN0208T0503102.007 ' PPy — : : ?‘ 3 — ¢ 3
" Mean (weighted by unit thickness, 1.77 1.22 i 1 ‘ /
[Tptpt 95.6 ;2:519 Fptomn 38.3 2.07 142 |SN0208T0503102.007 o
TSw2 / TSw3 Tptpin 55.1 Tptpll 95.6 1.89 1,28 m
Totpvs 120 2310 ow2 ) Towa T&:,J._n 55.1 213 1.49 & y :
. . . " W, W, . a3 - B
- Mzan {weighted by unit lh;cl;ness) fgzg Totpvs 120 0.80 0.69 { Pamendy
Totoy g 450 ) Mean (weighted by unit thickness) 1.92 1.33 : > i . w
[Tptpvt v s SN0303T0503102.008 Tplpv2 47 1.06 0.49 | . 4 L rn D YW L™
Tpbit ! . oy ]
CH1 / CHn2 E%"CO 455 1670 Tptpv1 154 :'gg g‘:z SN0303T0503102.008 ] ") A" w 4‘ A~ v (/
! Tpbtt 2.0 A .
Calicobt 15.8 1670 CHn1/ CHn2 C:Iico 455 1.26 0.60 | //b FM Me [ lo D
Mean (weighted by unit thickness’ 1614 Calicobt 15.9 126 0.60 . Gfr
NOTES: .Th\:T;::i: ?\fu:r:tljni)::a)flll?d from DTN MOO0012MWDGFM02.002. The details of this extraction are Mean (weighted by unit thickness) 1.21 0.57 " 1 ( ~M
ro . -
Eican values are calcialed i s report and not provided by the DTN fsted n i tabl. Data exracied NOTES: °Thickness of units extracted from DTN: MOG012MWDGFM02.002. The details of this exiraction are ) c}‘*
from DTN: SN0208T0503102.007 are summarized in BSC 2002c, Table 7-10. ) R rovided in Attachment X1l
= = temperature.

/) 3 : “Mean values are calculated in this report and not provided by the DTNSs listed in this table. Data extracted
ww 2‘ O from DTN: SN0208T0503102.007 are summarized in BSC 2002c, Table 7-10.

Table V-16. Specific Heat for Various Thermal Mechanical Units and Associated Lithostratigraphic Units

[
:
{
f
{
| (
{
. {
e}
' L ) o

M::;:::laclal Stra!lijs:r;phlc T * ) Specific Hoat® (Jikg™K) DING {
Unit T £95°C| 95°C<T<114°C [T > 114°C I
[Tpepva 0.0 1246 8028 1000 )
Tpepv2 5.1 1246 8028 1000 3 "
lTpepvi 24 1291 8716 1000 ’
Tpbta 05 1291 8716 1000
{Tpy 38 1291 8716 1000
TCw/PTn  [Tpbt3 38 1291 8716 1000 qg {jo0 [
Tpp 5.1 1291 8716 1000 + A 'b ot— ‘ C‘ t . s ( 0
(Tpbt2 83 1291 8716 1000 < @meh fa MW’ 5 A’i o § ‘ 1€ Lo s .. »
[Tpirva 19 1201 8716 1000 '” ¥ M (: ’ N— 7
Tpirv2 1.2 1291 . 8716° 1000
Mean {weighted by unit thickness) | 1284 8607 1000 . he PD ' { r‘é e(f 4 ;{f’ Tm \
|Tptrv1 1.2 894 1770 1000 . g SEs I L S SRR
[Tptm 356 891 2649 990 \ .
TSwi Tptrt 6.1 891 2649 990 __ISN0303T0510902.002 : CO. —t' [ C S l< 3 . K
[Tptpul 66.8 938 3453 980 S m O\AC'\ C L YeOH . AL
Mean (weighted by unit thickness) | 920 3130 990 | -, \ A
Tptpmn 38.3 908 2962 990 )
Q {Tptplt 956 .92 3245 990
TSw2/TSw3 [Tptpin 5.1 896 2756 990 | N
i Tptpva 12.0 207 1697 1030
! \D\x Mean (weighted by unil thickness; 913 2965 992
<q\ \ Tptpv2 47 1095 4880 1030 .
\ |[Tptpv1 15.4 1245 6174 1130 §v
TY CH /GHn (TR 2.0 1245 6174 1130
| Calico 45.5 1402 9376 1125 \ ~
Caiicobt 159 1247 7297 1070 A 2 2 HT T 3"2’%‘ pord
Mean (weighted by unit thickness) 1323 8061 1110 . )1 J b '
NOTES: *Thickness of units provided in Attachment XIil. \/ !
= ternperature. {
“Mean values are calculated in this report and not provided by the DTNs listed in this table. ‘ Y
Table V-17. Thermal Expansion for Various Thermal Mechanical Units S {
: |
L

Thermal Expansion Coefficient (/°C}

T e o e e

is documenled in Brodsky et al: (1995 Table 4-4).

Thermal ' \) \
hani it
Mechanical Unit | a5e¢ <1< 50°C | 500G <T<75°C | 75°C < T<100°C | 100°C <T < 125°C - q ? (o) } Y qqo
TCw 7.09x10° 7.62x10°° 8.08x10° 10.34x10° [O—— ’ S 0 4 ! . W« I A— )
PTn 4.46x10° 4.28x10° -1.45x10° :30.42x10° ' ‘, |
TSwi 6.56x10° 7.32x10° 6.83x10° 6.92x10° ' . l ‘ !
TSw2 7.14x10° 7.47x10° 7.46x10° 9.07x10® ; PR
NOTES: T= P . Source data pl by DTN: SNLO1B05059301.006. The calculation of mean data [’
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a/V\a&N\Q-:S MLOCAIAA A Su.(aéf\,reé(“a:j , QD—T[’\%M :

of- the amalysis swbo Mveckey fat will be provided

Lodarin finie otebeolk: TThe Lollomriing files ae

Contents of D:\TMReviews\DitDegAMRND Thermt

Nameiiie e
) allNodes. def

2] diftSre. def

[3) dt01.inp

"B dt01 TempHist pdf

=] dt01 TempHist txt

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

T8 dt03T empHist pd
E’] dt03T empHist. txt
%) dtO3T empHist s
(3] dt13.inp

[3_] ElemQuad8. def
(9] ElemTri3. def

3] fullDrftSrc. def

[2] iniT emp. def

ST O C(\Dz,lﬁfol{, TN

Nanwed Wl Hee ?«g\x ‘At 04"

] . Size

539KB
6KB
10KB
10KB
40KB
82KB
11KB
10KB
30KB
81KB
11KB
276KB
4KB
6KB
544KB

Tope
DEF File
DEF File
INP File

Adobe Acrobat Doc...

Text Document

Microsoft Excel Wor. .

INP File

Adobe Acrobat Doc...

Text Document

Microsoft Excel Wor...

INP File
DEF File
DEF File
DEF File
DEF File

[ Modfied

2/28/2003 9:22 AM
1/28/2004 2:32 PM
2/5/2004 10:08 AM
2/6/2004 5:40 PM
2/6/2004 5:34 PM
2/6/2004 5:39 PM
2/6/2004 5:05 PM
2/6/2004 4:54 PM
2/6/2004 4:22 PM
2/6/2004 4:53 PM
2/11/2004 4:04 PM
2/28/2003 9:54 AM
2/28/2003 9:58 AM
2/11/2004 3:58 PM
3/3/2003 11:00 AM

VY7 —

Namadd v tlh m‘z—wﬁx‘ dtﬁ?:o"%{mhs dt 1'3mp

we e used ~p9'~r ‘Kne,\r-‘mf&—,'

eveloped for o
desernlood \dXor |

£ it is
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SUBROUTINE UVARM{UVAR, DIRECT, T, TIME, DTIME, CMNAME, ORNAME,
1

NUVARM, NOEL, NPT, LAYER, KSPT, KSTEP, KINC, NDI ,NSHR, COORD,

2 JMAC, JMATYP, MATLAYO, LACCFLA)

INCLUDE ’ABA_PARAM.INC'’
- CHARACTER*80 CMNAME, ORNAME
CHARACTER*3 FLGRAY (15}
DIMENSION UVAR({NUVARM),DIRECT({3,3),T(3,3),TIME(2)
“ DIMENSION ARRAY(15),JARRAY (15} ,JMAC{*},JMATYP(*),COORD(*)

Code M2D20LF

. for ABAQUS Version 6.3
C Date: Feb 09, 2004
QC Author: G.I. Ofoegbu
. (o4
\\ [od Computes safety factor (strength/stress ratio) for model m0l
‘)’ c following procedure documented in CNWRA Scientific Notebook
C #321, p. 87.
(o}
[od Values of principal stress required for the calculation are
C obtained through ABAQUS user-interface subroutine GETVRM
C
[od Externally supplied input parameter:
c
(o} FRIC Friction angle (degrees);
c CPAR Cohesion parameter (MPa);
o
C The reciprocal of the calculated safety factor
c is stored in vector UVAR as follows
c
C Location in UVAR Stored Variable
C e mmmmmmme e
c 1 1/fs
o]
TOTIME = TIME(2)
ZTIME = 2.0E-6
IF (TOTIME .LT. ZTIME)} THEN
UVAR(l) = 0.0
RETURN
ENDIF
Cc
FRIC = 40.0
CPAR = 1.12
C
PI = 3.141592654
ALPHA = PI/4.0 + (FRIC/2.0)*(PI/180.0)
TA = DTAN{ALPHA)
o]
c Obtain current values of principal stress components
o}
JRCD = 0
CALL GETVRM({'SP’, ARRAY,JARRAY, FLGRAY, JRCD, JMAC, JMATYP,
1 MATLAYO, LACCFLA)
Cc IF (JRCD .NE. 0) THEN
C WRITE{6,1000) NOEL,NPT,TIME(2}
[ RETURN
C END IF
c

.O*CPAR*TA + PSMIN*TA*TA)/PSMAX
CurVAL = 1.0/FS

prevAL = UVAR{1)}

IF {curVAL .GT. preVAL) THEN

\{"\ UVAR(1) = curVAL

PSMAX = -ARRAY (1)
% PSMIN = -ARRAY(3)
Q 2

ENDIF
RETURN

1000 FORMAT(/,'ERROR IN UVARM-CALL FOR VARIABLE PE’,/,

10X, 'FOR ELEMENT NUMBER = ‘,I5,/,
2 10X, ' INTEGRATION POINT = ‘,I5,/,
3 10X, 'AT TIME = ’',El12.3)
END
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SUBROUTINE UVARM(UVAR, DIRECT, T, TIME, DTIME, CMNAME, ORNAME,
NUVARM, NOEL, NPT, LAYER, KSPT, KSTEP, KINC, NDI, NSHR, COORD,
JMAC, JMATYP,MATLAYO, LACCFLA})

|
INCLUDE ’ABA_PARAM.INC’ qln
CHARACTER*80 CMNAME, ORNAME

CHARACTER*3 FLGRAY(15)

DIMENSION UVAR (NUVARM),DIRECT (3,3),T(3,3),TIME(2)

DIMENSION ARRAY (15),JARRAY {15} ,JMAC(*),JMATYP(*), COORD(*)

Code M2D20LF
for ABAQUS Version 6.3
Date: Feb 09, 2004
Author: G.I. Ofoegbu

Computes safety factor (strength/stress ra;io)_fgr model mOl
following procedure documented in CNWRA Scientific Notebook
#321, p. 87.

values of principal stress required for the ca}culation are
obtained through ABAQUS user-interface subroutine GETVRM

Externally supplied input parameter:

FRIC Friction angle (degrees);
CPAR Cohesion parameter (MPa);

The reciprocal of the calculated safety factor
is stored in vector UVAR as follows

Stored Variable

Location in UVAR

TOTIME = TIME(2}

ZTIME = 2.0E-6

IF (POTIME .LT. ZTIME) THEN
UVAR(1l) = 0.0
RETURN

ENDIF

FRIC = 40.0
CPAR = 3.31

PI = 3.141592654
ALPHA = PI/4.0 + (FRIC/2.0)*{(PI/180.0}
TA = DTAN{ALPHA}

\V
Obtain current values of principal stress components ld‘\o |
JRCD = 0
CALL GETVRM{’SP’,ARRAY,JARRAY, FLGRAY, JRCD, JMAC, JMATYP,
1 MATLAYO, LACCFLA)
IF (JRCD .NE. 0) THEN
WRITE(6,1000) NOEL,NPT,TIME(2)

RETURN
END IF
PSMAX = -ARRAY (1)
PSMIN = -ARRAY ({3} .
FS = {2.0*CPAR*TA + PSMIN*TA*TA)/PSMAX
curVAL 1.0/Fs

preVAL = UVAR(1)

IF {curVAL .GT. preVAL) THEN
UVAR({1l} = curVAL

ENDIF

RETURN

o)
1000 FORMAT(/, 'ERROR IN UVARM~-CALL FOR VARIABLE PE’,/,

10X, 'FOR ELEMENT NUMBER = ', 5./,
2 10X, * INTEGRATION POINT = ’,I15,/,
3 10X, ‘AT TIME = ‘,E12.3)
END



