(s
£
14
AY
7
9
2
£
VN
R’ =
A

R

i i ooyt

|
£ T LT,

21
PRrORRIBREB L | ]

308

Q200312180006

Scientific Notebook No. 466: Numerical
Modeling of Stress Perturbation Around Faults
in the Vicinity of Yucca Mountain (07/13/2001

through 12/04/2003)

B S

A N
e )

A ‘:\_:/i‘

KOSOTS

2

SO

SO




CNURA
CONTROLLED
COPY 444

The Boorum & Pease® Quality Guarantee

¢ The materials and craftsmanship that went into this product are of the finest quality. The pages
gt are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will

! not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
, surface and erasability. If, at any time during normal use, this product does not perform to your
! expectations, we will replace it free of charge. Simply write to us:
Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services

Any correspondence should include the code number printed at the bottom of this pageas well as  Jidqy

the book title stamped at the bottom of the spine.

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-

designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.

Contents Page

Numﬂaﬁ I’W)(foﬂtm of 9&‘8&5?@{\‘0(‘&#{0\/}
’—@Mﬂ&_ﬂm Vueda. WMoodoa, A/ /

ﬁ\n’;J Endev .
BzD U ode
| 4es¢1
“ %ahjtm oﬁ /"a@aé{// L16s
/BOMdM Ccmdn[lmé
fec.lawm drusiing QIQ‘QSS vd/
matt ol /mrcng;rvlfés <%
Lotk mWLpL 4
Magebishs on Qu(fs &y
Tkl resyte GG
MaTss  Stcpks 79
Final  resulds
SU mnmanr 8&
ol 4 Ompst L1 33
Lrad ’f Od*énﬂ )@@ 02,
Friad L ﬁcwes [#]
'Fﬂa.o A Mpd“f p[ﬂ /7"?'
fwd 2 ooémr# A@ |76~
il 2 Qco»&b ’ 2S5 219
ﬁaﬂé_maddLm,fdP | Z2| %%4
4 - Z38
| Inaf R Ut 248
~LMJL Q 00{—9&/ 6%
)rfMM bR namrr% 2%
?E_emsu) ‘LQ)C‘” l -/Z:H“/
Daie.rc@o%hnj {fv\d ﬁe().vrres /t/jﬂ/‘

[
<
3B
<0




RVREERRIREISS

————3

IRV

FEVPURENIRRRRASSEEE

Numerical modeling of stress perturbétion
around faults in the vicinity of Yucca Mountain, NV

Juliet G. Crider, Ph.D.
Consulting Geologist

This work is conducted in consuitation with Dr. David Ferril (Soﬁthwest Research
Institute) and Dr. William Dunne (Consulting Geologist).

Hypothesis tested:
Activity on one or more faults in the vicinity of Yucca Mountain perturbed the
local stress field and influenced the orientation of joints presently visible in the field.

Approach:

A boundary-element method computer code is used to calculate the orientation of
the principal stresses at grid points surrounding modeled faults subjected to a regional
stress field. The orientation of the principal stresses are compared to the observed
orientation (strike) of joints. A successful model will show the least-compressive
principal stress striking perpendicular to observed joint orientations.

Theoretical background:

Fundamental to this approach is the understanding that joints are Mode I
(opening) fractures and that they form perpendicular to the least-compressive principal
stress.

The numerical code is built on principles of continuum mechanics that describe
the mathematical relationships between stress, strain, and displacements. These
principals are widely applied in the Earth Sciences, and outlined in numerous textbooks
(e.g. Jaeger & Cook, 1976). The crust is modeled as a uniform elastic material. This is a

- great simplification, but one that has proven useful in studies of earthquakes and faulting

(see e.g. Scholz, 1991). Deformation in the model is driven by remote stresses, the
magnitude and orientation of which are derived from geologic studies. An additional,
isotropic, lithostatic load is superimposed on the solution. The magnitude of the
lithostatic load increases linearly with depth by the density of the rock multiplied by
gravitation acceleration. The influence of friction on the faults is omitted.

The numerical solution is deterministic. The problem is posed as many
simultaneous equations, computed in one large matrix inversion. This is a well-tested
approach. Principles are reviewed in Crouch and Starfield (1983).




About the numerical code:

The modeling study is conducted using Poly3d, a C-language code. The code was
developed at Stanford University, and described in detail by Thomas (1993). Poly3dis
distributed by the Geomechanics Program at Stanford, and available via the world wide
web at http:/pangea.stanford.edu/ geomech/Software/Software.htm. Because the code is
constantly re-developed, I include a text copy of the core code (not libraries), here. The
code has been tested against analytical solutions and found to be accurate within a few
percent. One such test was published in a peer-reviewed paper in the Journal of
Geophysical Research (Crider & Pollard, 1998). A copy of the test is also included. For
this study, the code was compiled and run on a Sun Ultra60 UNIX workstation running
SunOS 5.5.1 (Solaris).

The fault mesh is created using Microsoft Excel to speed repetitive calculations.
The faults are meshed as simple, divided rectangles that reproduce the general geometry
of the faults (strike, dip, length). Increasing the accuracy of fault geometry in the models
is likely to alter the very-near fault results, but the regional results will not substantively
change.

The numerical output is viewed using the commercial software Matlab, with
routines written specifically for this study. These routines are included in the notebook.
Figures for publication are created with Adobe Illustrator.

Primary data:

Information regarding fault geometry, general rock properties, and stress
magpnitudes and orientation is taken from published maps and reports (cited with in-
process entries). Output is compared to published data on the orientation of opening-
mode fractures (joints) in the vicinity of the ESF and newly-collected observations by
Ferrill and Dunne.
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Date: Mon, 10 May 1999 12:22:08 ~0400 (EDT)
From: Crider Juliet <jcrider@brynmawr.edu>
To:; dferrill@swri.edu, wdunne@utk.edu
Subject: modeling approach -

David, Bill --

An approach to understanding the generation of the fractures you observe
is to decompose the tetal stress, as Bill has done, and to evaluate the
influence of each component. Because the true (or even relative)
magnitudes of each term are not known and may be difficult to accurately
estimate, a model that exactly reproduces the fracture geometry may not

be possible. Additionally, such a model may not be desirable, because any
solution to an inverse problem this complex is certainly not unique and
could be misleading.

Characterisics of the fractures that might be described are:
1) orientation

2) mode (I, II, III, mixed)

3) size, length

4) location & spacing of clusters/swarms

5) spacing within clusters

6) surface textures

7) hydraulic characteristics: connectivity, aperture

Of these, Poly3D (the 3D BEM with which I am most familiar) can

provide information regarding the orientations of fractures of a given
mode (1 and 2 above) and may give some hints about (4). Size of
fractures (3) and spacing within clusters (5) may be tractable in 2-D for
mode-I fractures, if rock properties and stress magnitudes are well-
constrained. It is my impression that accurate modeling of surface
textures (6) or hydraulic characteristics (7) are great challenges.

That said, heres what I can do:

Poly3D is ideal for evaluating the local perturbation of the stress field
that may swing principal stresses from their regional values. I can model
the influence of the N-S trending normal faults on the orientation and
relative magnitude of the local stresses given:

1) the attitude, dimensions, and tipline shapes of the faults, and

2) {(a) the orientations and relative magnitudes of the tectonic
component of the horizontal principal stresses OR (b) slip distribution
across the faults.

Friction on the faults will have an influence on 2a. A non-isotropic
lithostatic stress will also influence 2a if the lithostatic S(vert) is
greater than S(horiz), this would induce lateral spreadingover time, this
condition should relax to a simpler isotropic situation. It is worth
evaluating which is the more appropriate case. Proximity of the faults to
the free surface will also have some influence.

The output may give insight into the orientation of fractures and fracture
clustering directly related to the normal faults. The code assumes a

horizontal free surface and an isotropic, isothermal elastic medium.

I may be able to produce some initial results before June for a simple
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#define DISPL_CHAR

#define STRES S_CHAR -
#define STRAIN_CHAR e
#define TRACTION_CHAR e
#define BVECTOR_CHAR e
$#define PRINCIPAL_CHAR P

#define CONST_NAME_POS g
$define CONST_VALUE_POS 2
#define CONST_NUM_PARAMS

#define E_CHAR

#define E_CHAR_POS .
4define E_NUM_VERT_POS L
#define B_BC_CSYS_POS 2
#define E_BC_TYPE_POS 3
#define E_BC_POS :
4define E_VERTEX_POS ’
#define E_MIN_NUM_PARAMS

#define ELT_GEOM_LABELS \

X2 X3\n"
_______ */ n ELT Vertex Name 2L
e
o 4define ELT_GEOM_UNDINS \
Sdefine CS_NAME_POS PO
#define CS_PARENT_POS ! 4define ELT_GEOM_FMT \ Lo, st 810,488 -
#define CS_ORIGIN_POS 2 s wg4d $-20s 810.4f 310.
4define CS_ROT_POS
4define CS_ROT_ORDER PGS i; /
#define CS5_NUM_PARAMS
(b ELS \
#define OG__LOC_LAB %3 "
w <1 %2
o
#define os_NAME_POgS n gdefine OG_Loc_UNDI:b_Ii\_ _____ "
#define OG_DIMEN_P wolTilIT -
~N #define OG_PRINT_OPS_POS 2 bdefine 0G_LOC_FMT \ .
4define OG_INPUT_CSYS_FOS 3 wyg.3f #8.3f 88.3f
( #define OG_OBSPT_CSYS_POS 4 sdefine 06, DISPL_TITLE \ -
#define OG_DATA_CSYS_PGS 2 "\nDISPLACEMENTiS:\x: n
tdefine OG_BEGIN_POS 5 #define OG_DISPICELABE s -
#define OG_END_POS .
#detine OU_NUMPTS POS 1 fdefine 0G_DISPLUWOLNS \ wr
#define OG_MIN_NUM_PARAM w__z -
- #define OG_DISPL_FMT \%10 -
________________________ *510.3e %10.3e -3e
INPUT FILE FORMAT FOR DEFINING VERTICES*/ sdefine oG_STRAIN_TXTLE \
"\nSTRAINS:\n\n" R
#define OG_STRAI;;_LABELS ;22 E12 E23 E13\n
. n E
#define V_CHAR_POS
#define V_NAME_POS $define OG_STRAIN_ UNDINS \
#define V_CSYS_POS [,
fdetine V. X 705 S 6 #detine o%_zTR‘z?é_g:T%\lo 3e %10.3e 310.3e %10.3e\n"
define V. NUM_PARAM 310, 3e . .
e - #define OG_STRESS_TITLE \
“\nSTRESSES:\n\n" \ -
ine OG_STRESS_LABELS 51623 5I613\n
fastine 008 Tt s1G22 51633 s1612
#define 0BJ_CHAR (I)o 4define OG_STRESS_UNDINS \
: S "
#define OBJ_CHAR PO 1 N
ine OBJ NAME_POS #define OG_STRESS_EMT 3e 31030\
?‘?‘ZE?‘Z “oBs_PRINT OFS_POS 2 w107 3e 510.3e $10.3e 310.3e #10.3e
; “csys_Pos 3
#define OBJ_POS_CSYS ]
#define OBJ MIN_NUM_PARAMS 2
H H H
; . : [ ! :
\ Lo LA -
" ; ‘ ! g [
| ] ! 1 [ [ 1 1 [
i ! ! : I A
i ] ! i ; : ; [ ; | : : [
P L : ] A T | A R RS S R
: : 3 ; ] ; ] ; ; [ ; ; : [
/ | ; ; ; i H : : 3 [ : i 3 1 i H
; ; i : 1 | : : : : : : : : :
H Z Z 3 : J, %, Z 2 V) 3 %, ‘1 ;
#define OG_PSTRAIN_TITLE \
"\nPRINCIPAL STRAINS:\n\n"
#define OG_PSTRAIN_LABELS \ JrEEh kA kA k Ak ko kk Rk kkk kA *R* K AR F R R+ Macros * * /
L1 w2 N3 E1 N1 N2 N3 B2 N1 #define RADIANS(A) {(A)*PI/180.) /* Convert degrees to radians */
2 3 3\ g
N N E3\n"

oy

#define OG_PSTRAIN_UNDLNS \
" - -

-\
#define OG_PSTRAIN_FMT \

"36.3f 36.3f 6.3f 310.3e $6.3f 36.3f $6.3f 510.3e 36.3f %6.3f 36.3f
%10.3e\n"
fidefine OG_PSTRESS_TITLE \
"\nPRINCIPAL STRESSES:\n\n"
#define OG_PSTRESS_LABELS \
LI 61 N2 N3
N2 N3 5IG3\n"
#define OG_PSTRESS_UNDLNS \

SIGL Ni N2 N3 SIG2 N1

-\n"
#define OG_PSTRESS_FMT \

"36.3f $6.3f $6.3f£ %10.3e $6.3f $6.3f $6.3f 210.3e $6.3f ¥6.3f 36,3f
$10.3e\n"

/*
FORMAT

FOR PRINTING OBJECT DATA

#define OBJ_LOC_LABELS \
" ELT X1C
#define OBJ_LOC_UNDLNS \

X2¢

#define OBJ_LOC_FMT \

"%4d %8.3f %8.3f %8.3f "
#define OBJ_DISPL TITLE \

"\nDISPLACEMENTS: \n\n"
#define OBJ_DISPL_LABELS \

" Bl Ul(+)
B3 U3 (+) us(-) "
#define OBJ_DISPL UNDLNS \

Ul{-) B2 U2 (+) U2 (-)

—_—- o
#define OBJ_DISPL_FMT \

"$10.3e $10.3e #10.3e $10.3e 510.3e
#define OBJ_STRESS_TITLE \

$10.3e $10.3e %10.3e %10.3e "

"\nSTRESSES (TRACTIONS):\n\n"
#define OBJ_STRESS_LABELS \
" T1 T2 T3 "

#define OBJ_STRESS_UNDLNS \
"

#define OBJ_STRESS_FMT \
"$10.3e %10.3e 310.3e "

#define OBJ_BC_CSYS_LABELS \
"Coord Sys\n"

#define OBJ_BC_CSYS_UNDINS \
wo___ = = \n"

#define OBJ_BC_CSYS_FMT \

"$s\n"

#define MAX (A, B)
*/

(((A} > (B)) ? (A):(B)}/* MAX macro

JREERREA A A Ak hh kA kA kAR AR R F SEPUCLULES *FA ARk Ak ok hkhkk h kA Rk Ak kA Rk Ak

struct esys_s { /* -- COORDINATE SYSTEM
STRUCTURE - */

char *name; /* Coordinate system name
*/

double origin(3]; /* Coord sys origin

{glebal) */

double

local_rot[3}1[31; /* (To) global rotation matrix
*/
struct csys_s
linked list */
i

typedef struct csys_s csys_t;

*next; /* Ptr to next c.s. in

] .
struct obs_grid s { /* -- OBSERVATION GRID
STRUCTURE -- */

char *name; /* Observation grid name
*/
int dimension; /* Dimension of
observation grid */
double beginf3]; /* Obs grid beginning
coords */
double end([3]; /* Obs grid ending
coords */
int numpts[3]; /* No of obs pts aleng
x1,x2,x3 */
int print [NUM_PR_OPTS]; /* Print options array
*/
csys_t *endpt_csys; /* Input coordinate system
*/
csys_t *obspt_csys; /* Observation grid coord
system */
csys_t *outp_csys; /* output coord sys for
obs grid */ :

struct obs_grid s *next;
list */
)i
typedef struct obs_grid_s obs_grid_t;

/* Ptr to next o.l. in linked

struct vert_ s {

/* e VERTEX

STRUCTURE —----=~ */

char *name; /* Vertex name

*/

double x{3]; /* Vertex coordinates
(global} */

csys_t *csys; /* Coordinate system
for vertex */

struct vert_s *next;

/* Ptr to next vertex in
linked list*/

T ——

B ——




t;/pedaf struct vert_s vert t;
t t disloc_seg_s | /* —--— DISLOC SEGMENT STRUCTURE
struc . _seg_
- * )
diuble elt_b[3]1([3]: /* Proj of element b to
segment b */
double
plunging leg of d.s. */
double
plunging leg of d.s. */
double
matrix */
vert_t
vertices */
1i ) )
typedef struct disloc_seg_ s d).sloc_segqt,

trend; /* Strike of

plunge; /* Plunge of

local ret[3][3}; /* Local-to-global rotation

*vert[2}; /* Dislocation segment

*ommemmm ELEMENT
struct elt_s { /
_______ * ‘
STRUCT‘iiE ! num_vertices; /* Number of vertices
* :
int ! be_typel3]: /* Boundary condition type
in |

array */

i double bel3]1; /* Boundary
iti i *

CODdIClc:f;smigﬂlt“des ! elt _csys; /* Element-local

Cccrdiréat:lsys‘lem * *b[3]; /* Burgers vector
ouble i

*/

i disloc_seg_t *disloc_seg; /* Dislocation segment array
4 S d for
csys_t *bc_csys; /* Ptr to coord sys

==, ‘
elemenz:?:isct glt s *next; /* Ptr to next elt in
linked list */

1i

typedef struct elt_ s elt t;

b3 { /¥ e OBJECT STRUCTURE
struct obj_s

________ * )
char *name; /* Object type

*/ )
int print [NUM_PR_OPTS]; /* Print options
* .
ys_t / *pos_csysi /* Position coordinate
cs =
s - -
syatemelt t / *first_elt; /* Pointer to first element
Sl -
elt_t *last_elt; /* Pointer to last element
L /* Ptr to next obj in

struct obj_s *next;
linked list */

Yi .
typedef struct obj_s obj_t;

g S

i
;

ables *HAREEREEEFIEIEGEF XIS A S LA ]

Jrrkkak Rk RRak kxR KRR EFRXF+ Bxternal Vari. ’
/* Problem title

char *titlel E = NULL;
char " *title2 E = NULL; /* Problem subtitle
int Y half_space_E = TRUE; /* Half/whole space flag
int N check_cond_num_E = TRUE; /* Check matrix condition num
e = ; * Matrix condition number
double f;nd_num_E = -1.0; /
char infile E{MAXFILE]; /* Input file name
*
char outfileiE[MAXFILE]; /* output file name
int ;inenum_E = 0; /* current line # in input
ﬁ;te v nun_elts_E = 0; /* Number of elements
*x/ = -
int below_vertex E = FALSE; /* Below vertex flag
double */ null_value E = -993.0; /* Null output value =
*/
FILE *ifp E = stdin; /* Input file ptr (default
:‘;ién) :éfp_E = stdout; /* output file ptr {default
:‘;i;ut) Y *tempfp_E[NUM_PR_OPTS]; /* Temporary file ptrs
*/
double shear_mod E = -1.0; /* Shear modulus
double ;gn_zatio_E = -1.0; /* Poisson's ratio
double youngs:xi\od_E = -1.0; /* Young's modulus
*
double bulk_moé_E = -1.0; /* Bulk modulus
double lame_l;r{\bda_E = -1.0; /* Lame's lambda
*/
int print_elt_geom E = FALSE; /* Print element geocmetry flag
char :glt_geom_csys_name_}: =NULL;/* Element geometry coerd sys name */
int rem stress_bc_E = TRUE; /* Remote stress vs strain be
cfiiagle*/ rem_stress_E[3][31; /* Remote stress tensor
double ;;m_strain_E[S] [31: /* Remote strain tensor
*/
double *b_vector_E; /* Burger's vector array
:('i trix_E; /* Influence coeff matrix
double */lc_ma rix E;

S

R

S

R

]{W

T,Eg !

:
H

csys_t *first_csys_E = NULL; /* 1lst memb of csys linked list
*
obs_grid_t *girst_obs_grid_E = NULL; /* 1st memb of obs grid linked list */
obj_t *first_obj_E = NULL; /* 1st memb of obj linked list
*
elt_t ’ *first_elt E = NULL; /* 1lst memb of elt linked list
*
vert_t j *first_vert E = NULL; /* 1st memb of vert linked list
*

JEEAEEE Ik ARk Ak ARk R Rk kR R > ANST Function Declarations ***ssksk stk srt ks stns/
#if defined(_ STDC_ ) || defined(ANSI) /* ANSI */
double array_max_norm{double **a, int start_row,
start_col,

int end_row, int

int end_col};
int calc_elt parameters(elt_t *current_elt);

void close_temp_files{void);
void copy_temp_files(void);
void determine burgers_vectors (void);
void displ_strain(int calc_displ, int calc_strain, double x[3],
double displ{3], double strain[3][3], elt_t *omit_elt);
void displ_strain_poly_elt(int calc_displ, int calc_strain,
elt_t *current elt, double x[3], double displ[3],
double strain[3][3], elt_t *omit_elt, int under); .
void print_obj_data(void);
csys_t *find_csys{char *name};
vert_t *find_vert (char *name);
int get_double_var(double *var, char *var_name, char *word[],
int numwords);
int get_boolean_var({int *var, char *var_name, char *true_string,

char *false_strxing, char *word{], int numwords, char *line};
int get_text_var(char **var, chax *var_name, char *word(], int numwords,
char *line);

void get_elt_info(elt_t **current_elt, obj_t *current_obj, int numwords,
char *wordl], char *line);

void get_obj_info{cbj_t **current_obj, int numwords, char *word[},
char *line);

void get_program args (void);

void get_vert_info{vert_t **current_vert, int numwords, char *word(],
char *line);

void displ_strain_ics_poly_elt({int calc_displ, int calc_strain,
elt_t *current_elt, double x[3],
double displ_ie{3][3], double strain_ic{3][3]([3],
elt_t *omit_elt);

void print_obs_grid data(veid):

int open_files();

void open_temp_files(int print[]);

int parse_command line_args(int argc, char *argv[l);

void p_erxor(char *error_msg, char *line);

void print_elt_data(obj_t *current_obj,
elt_t *current_elt, int elt num, double displ(3],
double stress([3][3]);

void print_elt_geometry(void);

void print_obj_titles(obj_t *current_obj):

void print_obs_grid_titles{ocbs_grid_t *current_obs_grid};

void print_obs_pt_data(obs_grid_t *current_obs_grid, double x[3],
double displ[3], double strain[3](3]);

void print_problem_ info(void);

int read_csystems{);

int read_objs_elts_verts({);

void read_infile(void};

int read line{char *line, char *wordl[]);

int read_observation_grids();

int read constants{);

void setup_global coords{void);

JEEEEEE A AR AR ARk F kAR AR AR * KGR FUNCEion Declarations ****wd sk ks khekkdss ]
#else

double array max_noxm{);

int calc_elt_parameters();

void close_temp_files();

void copy_temp_files(};

void determine_burgers_vectors();
void displ_strain();

veid displ_strain_poly elt();

void print_obj_data(}; i
csys_t *find_esys () ;

vert_t *find_vert();

int get_double_var{);

int get_boolean_var({);

int get_text_var(};

void get_elt_info();

void get_obj_info();

void get program args{);

void get_vert info();

void displ_strain_ics_pely_elt();
void print_obs_grid_data();

int open_files();

void open_temp_files(};

int parse_command_line_args{};
void p_error();

void print_elt_data();

void print_elt_geometry();

void print_obj_titles();

void print_obs_grid_titles({);

void print_obs_pt_data();

void print_problem info();

int read_csystems();

int read_objs_elts_verts();
void read_infile();

int read_line(};

int read_observation_grids();
int read_constants ()

void setup_global_ccords({);

#endif

main ** *
- number of command line arguments

argv - array of command line arguments
****i—****i-i(******‘\-***A—***t***i—t***t*i-**-A-i-i-i-t*****i—i—*t**i—*****t***************/

JH kR ek kk kR ok k Ak k ok kR K ko * Punction:

* In: arge
*
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#if defined(_ STDC_ ) || defined(ANSI) /* RNSI */
main{int argc, char *argv{l)

felse
main{argc, argv)
int argc;
char *argv(}:
#endif

{

/* Use get_program_args() or parse_command_line_args() to get
file names and program options.

*/
#if FPROMPT
get_program_args ()
#else
parse_command_line_args{arge, irgv) H
#endif

/* Open the input and output files
*

open_files{);

/* Read input file and set up the problem
*

read_infile(};

/* Solve for burger's vector for each element

*/
determine_burgers_vectors():

/* Print the problem info

*/

print_problem_info{);

/* Caleulate displs and tractions on elements -

*/

print_obj_data();

/* calculate displacements and stresses along observation grids

*/
print_obs_grid data{);

return(0);

JeBhr kbR a Ak ko n kxR ARY PURCEiON! Print_problem_info *rxxkkdkrkkkadakhiiihix
* Prints general problem information to the output file.

o o Ao ok K e ko kb ko Rk R Rk bk ko ke ek ek k]
#1f defined(_STDC_ ) || defined(ANSI) /* ANSI */

void print_problem info({void)

#else
void print_problem _info ()
#endif
{
/ ; : : : :
: ; H : i
H ; i ;
L
i i
H
i

/* Print program name, version, and date
*

fprintf (cfp_E,"OUTPUT FROM: %s, version %s\n",PROGRAM, VERSION);
fprintf(ofp E,° COMPILED: %s\n",COMPILE_DATE);

/* Print input file name and problem titles

*/
fprintf(ofp_E,"\n INPUT FILE: %s\n",infile E);
fprintf(ofp _E, " TITLEL: #s\n",titlel E);
fprintf(efp E, " TITLE2: %s\n",title2 E);

/* Print elastic constant values

*/

fprintf (ofp_E,"\RELASTIC CONSTANTS:\n");

fprintf(ofp E, " Shear Modulus = $f\n",shear_mod_E):
fprintf(cfp E, " Poisson's Ratio $f\n",psn_ratio_E);
fprintf(cfp:E, " Young's Modulus $f\n", youngs_mod_E} ;
fprintf(ofp _E, " Bulk Modulus = $f\n",bulk_mod_E};
fprintf(ofp E, " Lame's Lambda = %f\n",lame_lambda_E};

/* Print the null output value

*/

fprintf (ofp_E, "\nNULL QUPUT VALUE = $f\n",null_value E};

/* Print condition number of the influence coefficient matrix

*/
fprintf(ofp_E, "\nCONDITION NUMBER = ") ;
if (cond_num E < 0.0) {
fprintf(ofp_E,"(no traction be's -> no matrix needed)\n") ;
} else {
if (check_cond_num E)
fprintf (ofp_E, "$£\n", cond_num_E);
else
fprintf(ofp_E, " (not requested)\n");
}

/* Print element geometries (if requested)
*

if (print_elt_geom E)
print_elt_geometry():

JEEk ARk kAR IR *R AR R > Punction:

+ Calculates and prints object data to the output file.
T Lo T T P

#if defined(_ STDC__ ) || defined (ANSI) /* ANSI */

void print_obj_data(void)

doek ko ke ok

#else

void print_obj_data()

#endif

{
int elt_num;
int calc_displ;
int calc_strain;

B T —
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print_obj_data *ma¥wedkakikrdkiakahkthir

wordekx [

;
i
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obj_t *current_obj;
double displ(3];
double strain(3][3];
double stress[31([3];
elt_t *current_elt;
current_obj = first obj_E;

current_elt = first_elt E;
while (current_elt != NULL) {

/* If this element starts new object..

*/
if (current_elt == current_obj->first_elt) {

/* Reset element number
elt_num = 1;

if (current_obi->print{DISPL] || current_obj->print[STRESS]} {
/* Open temp files
__________________ */
open_temp_files(curxent_obj->print);
/* Print object titles
print_obj_titles{current_obj);

} else {

/* Skip this object if no output requested
*

/

current_elt = current_obj->last_elt;

}

if (current_obj->print[DISPL] {| current_obj->print [STRESS]) {
calec displ = current_obj->print[DISPL];
cale_strain = current_obj->print[STRESS];
displ_strain({calc_displ,calc_strain,
current_elt->elt csys.origin,displ,strain,
current_elt});
strain_to_stress{strain, shear_mod_E, lame_lambda_E,
stress);

/* Print the data for this elt

*/
print_elt data(current_obj, current_elt, elt_num,
displ, stress});
elt_numt+;
}
if (current_elt == current_obj->last_elt} {
if (current_obj~->print[DISPL] || current obj->print[STRESS]) {

/* Copy temp files to

main output file, then close them.
*/
copy_temp_files{):
close_temp_files();
)i
current_obj = current_obj->next;
}
‘current_elt = current_elt->next;
}
}

JHEwkkEA ko k ok x kR Rk k% FuUnCtion: print_obs_grid data ®EREEEE Rk ks kkk
* Loops through linked list of observation grids, caculating and printing
* the requested displacement, strain, and stress data for each to the

* output file.

et ek ok ko ok ko ok ok ek ke ek ok ok ok ok ok ok ok ok ok ko ko ok ko ok ek bk ks ko R ko k)

#if defined(_ STDC ) || defined(ANSI) /* ANSI */
void print_obs_grid_data(void) L]
#else
void print_obs_grid_data(}
#endif .
{

obs_grid_t “*current_obs_grid;

int i, 9, k;

double x[3];

double dx[31;

double displ(3];

double strain[3] (3]

double *begin;

double *end;

int *numpts;

char error_msg[MAX_ERROR_MSG];

int *print;

int cale_displ;

int calec_strain;

/* Loop over each observation grid

*/
current_obs_grid = first obs_grid E;
while (current_obs_grid != NULL) {

/* Determine data required by obs grid print options

*/
print = current_obs_grid->print;
cale_displ = print[DISPL];
cale_strain = (print{STRAIN] || print({PSTRAIN] || print[STRESS]

|} print[PSTRESS]);

begin = current_obs_grid->begin;
end = current_obs_grid->end;
numpts = current_obs_grid->numpts;

subtract_vectors (end,begin, dx);

[ R—]

It
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/* Open temp files
.................. */

open_temp_files{current_obs_grid->print};

/* Print observation grid titles

x[0] = begin[0] + dx[0]*k;
/* Added by George Hilley. */

transform position_vector (INVERSE_TRANS,
current_obs_grid->endpt_csys-—
>origin,

. current_obs_grid->endpt_csys-
print_obs_grid_titles{current_obs_grid); >local_rot,x);
/* end. */
/* Process the observation grid
*/ displ_strain{calc_displ,calc_strain,

switch (current_obs_grid->dimension) { x,displ,strain,NULL);
case 0: print_obs_pt_data(current_obs_grid, x,displ,strain);
copy_vector(begin, x};
/* Added by George Hilley. */ }
transform position_vector (INVERSE_TRANS, )

cu:rent_olq‘s_grid—>endpt_csys—>o:igin, break;
H current_obs_grid->endpt_csys->local_rot,x};
/* end. */ default:

sprintf{error_msg,

-
displ strain(calc_displ,calec_strain,x,displ,strain, "Invalid dimension (%d) for ebservation grid",

NULL) ; current_obs_grid->dimension);
print_ocbs_pt_data{current_obs_grid,x,displ,strain); p_error{error_msg,NULL);
break;

)
case 1:
dx[2] /= (numpts[2]-1}; /* Copy temp files to main output file, then close them.
€ dx{1] /= (numpts[1]-1); */

dx[0] /= (numpts{0]-1); copy_temp_files();
for (i=0; i < numpts([0]; i++) | close_temp_files();

x[2] = begin[2] + dx[2]*i;

®[1] begin[l] + dx[1l]*i; ) current_obs_grid = current_obs_grid->next;

x[0] = begin{0] + dx[0]*i;

/* Added by George Hilley. */ } /*while*/

transform position_vecter (INVERSE_TRANS, )
current_obs_grid->endpt_csys->origin,
current_obs_grid->endpt_csys->local_rot,x);

/* end. *7 JrEAE R Rk r kR s Ak AR R AR s FUNCEION: ISPl _SETALR *HAArFtskkrdAthrkbdrbrdihnnn
* Calculates the total displacement and/or strain at a point due to ALL
displ_strain{calc_displ,calc_strain,x,displ, * elements.
Tstrain,NULL); *
* In: calc displ - calculate displacements flag
print_obs_pt_data(current_obs_grid, x,displ,strain); * cale strain - calculate strains flag
* x - coords {global} of pt at which to calc displ &
break; strain
* omit_elt - element to omit when calculating displs (NULL = none}
case 2: * Out: displ - displacement vector (global coords)
case 3: * strain - strain tensor (global coords)
for (i=0; i < 3; i++) | e e ok ke ks ok Kk ke ko kb kR ek ks ke [
dx[i] /= (numpts[i] == 1) 2 1 : (numpts[i]l-1); #if defined(__STDC_ ) |] defined(ANSI) /* ANSI */
} void displ_strain(int calc_displ, int calc_strain, double x[31,

for (i=0; i < numpts{2]; i++) {
x[2] = begin[2] + dx[2]*i; #else
for (3=0; j < numpts[l]; j++) { void displ_strain(calc_displ, calc_strain, x, displ, strain, omit_elt)
x[1] = begin[1l] + dx[1]*]; int calc _displ;
for (k=0; k < numpts[0]; k++) { int calc_strain;

double displ[3], double strain{3}[3], elt_t *omit_elt)

T —————
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double x[31; verta = disloc_seg [0].vert[O];

double displ[3]: vertb = disloc_seg [0].vert[1];

double strain(3](3]; vertc = disloc_seg [1].vert[l];

elt_t *omit_elt; subtract_vectors {(vertb->x, verta->x, segl);

$endif subtract_vectors (vertc->x, verta->x, seg2);

cross_product (segl, seg2, normal);

{ orient = dot_product (normal, x3_glebal);
elt_t *current_elt; subtract_vectors (x, verta->x, datal);
double elt displ{3]; under_plane = dot_product (normal, datal);
double elt_strain[3][3];

/*Declarations for correction of the "shadow effect" */ /* Determine if the data point is in the "rigid body"

int i; (cf. explanation of the bug)
double orient; -

*/
double under_plane;
int under; for (i = 0; 1 < current_el#->num vertices; i++)
double normal {3]; {
double datal [3]; inside = 0;
double data [3]; verta = disloc_seg [i].vert[0];
vert_t *verta; vertdb = disloc_seg [i].vert[1];
vert_t *vertb; subtract_vectors (vertb->x, verta->x, segl);
vert t *vertc; subtract_vectors (x, verta->x, data);
double segl [3); cross_product (segl, data, inside_victcr);
double seg2 [3]; inside = dot_product (x3_global, inside_vector);
double inside;
double inside_vector [3]; . if {orient > 0}
int inside_test; {if (inside > 0 && under_plane < 0)
int inside_test_fin; . (inside_test = 1;) e
double x3_global [3]; else {inside_test = 0;}

disloc_seg t *disloc_seg; )
if (orient < O)

{if (inside < 0 && under_plane > 0)

{inside_test = 1;)

else {inside_test = 0;}
initialize_vector(displ,0.0); }
initialize_matrixz(strain,0.0); if (orient == 0)

{under = 0;}
inside test_fin *= inside_test;

/* end of the declaration */;

/* Loop over each element

*/ )
current_elt = first_elt E; R /*Gives a value 1 to under for data points under the element
while (current_elt != NULL) { and positive side up

Gives a value 2 to under for data points under the element

/* Test UNDER to determine if the data point is inside the "shadow and positive side down

zone" Gives a value 0 to under for data points not under the element
*/
%/
if (inside test_fin > 0) {
under = 0; if (orient > 0)
inside_test_fin = 1; {under = 1;}
/* Determine if the element has a positive side up or down (orient) if (orient < 0)
and determine if the data is under the plane {under = 2;}
defined by the element {under_ plane) 1
%/
disloc_seg = current_elt->disloc_seg; else {under = 0;}

x3_global [0] = 0;
x3_global [1} = 07
x3_global [2] = 1;

€1




/* cCalculate displacement and strain due to this element

*/

displ_strain poly elt {calc_displ,calc_strain,current elt,
X, elt_displ,elt_strain,omit_elt,under) H

/* Add the contribution of this element to the total displ & strain
*/

add_vectors {displ,elt_displ, displ}:
add_matrices{strain, elt_strain,strain};

current_elt = current_elt->next;
}

/* Adjust strain for remote strain
-

add matrices(strain,rem strain_E,strain);

o

J*dakkwkkwwkrksrers Punction: displ_strain_poly_elt J e 2 L L e s )
* Calculates the displacement and/or strain at a point due to a single
* polygonal element.

-

* In: calc displ =~ calculate displacements flag

* T calc strain - calculate strains flag

* current elt - element being considered

* x - - coords (global) of pt at which to calc displ &
strain

* omit_elt - element to omit when calculating displs (NULL = none)
* out: elt Eispl - displacement vector (global coords) due to this elt
* elt strain - strain tensor (global coords) due to this elt

e P ek P A AL TR S L LA L
#if defined(_ STDC__ ) 11 defined (ANSI) /* ANSI */

void displ_strain_poly_elt{int calc displ, int calc_strain,
elt € *current elt, double x[3], double elt_displ[3],
double elt_strain{3][3], elt_t *omit_elt, int under)

#else .

void displ_strain_poly_elt(calc_displ, calc_strain, current_elt, x,
elt displ, elt_strain, omit_elt,under)

int - calc displ:

int cale_strain;

elt_t *current_elt;

elt:t **current_elt;

double x[3)[31;

double elt_displ[3]:

double elt_strainl3]1[3]:

elt_t *omit_elt;

int under;

#endif

{
double displ_ic[3][3]s
double strain_ic[3]1{3][3]:
int i, J. ks

/*Declarations for shadow effect correction*/

double bgloball3]:

double e[3][3];

double eg[3][3];

double bg[3][3];

/* Initialize displacement vector and strain tensor
*

/

initialize_vectoz(elt_displ, 0.0);
initialize matrix{elt_strain,0.0);

/* Calculate the displacement and strain influence coefficients
*

displ_strain_ies_poly_elt(calc_displ, calc_strain,current_elt,x,
displ_ic,strain_ic, omit_elt);

/* Superpose the contribution from each burger's vector compeonent
*/

for (i=0; i < 3; i++} {

for (j=0; j < 3; j++) |
elt_displ[i] += displ_ic[jl(i] *
(*current_elt->b (315

for (k=0; k < 3; k++] |
elt_strain(i] {j] += strain_ic(kl[1i]1{]] *
(*current_elt->b(k]);
)
1
)

/* Shadow effect correction in case of data point under the element

—x/

if (under > 0) {

bglobal[0]=
bgloballl
bglobal([2]1=0;
e[0][0]=1;
e[0][1]1=0;
e[0](2])=0;
e[1]1{0]=0;
e[1][11=1;
e[1]{2]=0;
e{2]10]=0;
e[2]1[1)=0;
e(2][2]=1;
eg[0]1[0)=1;
eg[0] [1]=0;
eg[0][21=0;
eg(1] [0]=0;
eg{l] [1]1=
egll] [2]=0;

eg[2][01=0;

eg[2]{1]1=0;

eg(2][2]=1;

for (i=0; i < 3; i++) {

H
i

R —

S —
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-

coordinate system

/* Transform the burger vector's component in the global

rotate_vector {INVERSE_ROT,current_elt-
>elt_csys.local_rot,e[i]); - - -
scalar_vector_mult (*current_elt->b[i], e[i],bglil);
}
for (i=0; i < 3; i++) {
for {3=0; j<3; j++) {
bglobal{i]+=dot_product(bglj], egl[il};

}
/*Corrects the displacement by the corresponding burger's
vector (glebal coordsys)

__________________ */
if {under < 2){
elt_displ{i] -= bgloballil;}
if (under > 1)
elt_displ[i] += bgloballil;}
)
}

} -

Jrwvicesesenihrans unction: displ_strain ics poly elt Frkresserewrcsssssdins
* Calculates the displacement and/or strain influence coefficients at a point
* due to a polygonal element.

*
* In: calc displ - calculate displacements flag
* calc_strain - calculate strains flag
* current_elt - element being considered
* X - coords {(global) of pt at which to cale displ &
strain
> omit elt - element to omit when calculating displs (NULL = none)
*
* Qut: displ_ic[i] [j] - the jth component of displ (global coords)
* due to a unit ith Burgers vector component
* (be_coord_sys coords})
* strain_ic(i][31(k] - the jk component of strain (global coords)
* due to a unit ith Burgers vector component
* {bc_coord_sys coords)

* rxk P ke kR kA k)
#if defined{_ STDC_ ) || defined(ANSI) /* BNSI */

void displ_strain_ics_poly_elt(int calc_displ, int calc_strain,
elt_t *current_elt, double x[3], double displ ic[3][3],
double strain_ic[3][3][3], elt_t *omit_elt)

#else

void displ_strain ics_poly elt(calc displ, calc_strain, current_elt, X%,
displ_ic, strain_ic, omit_elt)

int calc_displ;

int cale_strain;

elt_t *current_elt;

double x[3);

double displ_iec[31([3);
double strain_ic{3) [3][3];
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elt_t *emit_elt;

#endif

{
int i, 3, ko 1:
int s5eg;
int swap;
vert_t *vertl;
vert_t *vert2;
double depthl;
double depth2;
double beta;
double temp_double;
double temp_vector[3];
double r; -
double z3;
double y1i31;
double y2i3l;
double displ_icl(3](3];
double displ_ic2{3][3]1;
double displ_ic313]1([3];
double displ_ic4[3](3); [}
double strain_icl{3][31[3];
double strain_ic2(31[3][31;
double strain_ic3[3}[3]1(3);
double strain_ic4(3][31([31;
disloc_seg_t *disloc_seg;

/* Initialize the influence coefficients

*/
for {i=0; i < 3; i++) {
initialize vector(displ_ic[i],0.0);
initialize_matrix(strain_ic[i],0.0};

}

/* Loop over the element's dislocation segments

*/
disloc_seg = current_elt->disloc_seg;
for (seg = 0; seg < current_elt->num_vertices; seg++) {

/* Determine the segment vertices
*/

vertl = disloc_segl[segl.vert[0];
vert2 = disloc_seglsegl.vert[l];

/* Compute the vectors from the segments vertices to the
data point

*/
subtract_vectors (x,vertl->x,yl);
subtract_vectors (x,vert2->x,y2);

/* Rotate vert-to-obs_point vectors to segment-local coords
*/

rotate_vector (FORWARD_ROT,disloc_seg[seg].local_rot,yl);
rotate_vector (FORWARD_ROT,disloc_seg(seg].local_rot,y2);

depthl = -vertl->x[2];
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depth2 = -vert2->x([2];
beta = PI/2.0 - disloc_seg[segl].plunge;

if (({sqQrt{yl{0]*yl[0]+yl{1]*y1[1]) < BVERT TINY} && yl[2] >= 0.0)

((sqrt(y2[0]*y2([0]+y2[11*y2([1]} < BVERT_TINY) && y2[2] >=
0.0)) {

below vertex E = TRUE;

return;

}

/* If x lies along dipping leg of angular dislocations, swap
the vertex order, so singularity will be avoided

*/
swap = FALSE; :
z3 = yl[0)*sin(beta) + yl[2]*cos (beta)};
r = vector_magnitude(yl);
if {(r - z3) < SWAP_TINY) {
swap = TRUE;
copy_vector(y2,temp_vector);
copy_vector{yl,y2);
copy_vector (temp_vector,yl);
for {i=0; i < 2; i++) {
yl[i] *= -1.0;
y2[i] *= -1.0;
1
temp_double = depth2;
depth2 = depthl;
depthl = temp_double;
beta = PI - beta;

/* Calculate displacement influence coeffs
*/

if (ecalc_displ) {

/* Avoid displacement discontinuity when calculating displ
inf coeff of an element on itself

*/

if (current_elt != omit_elt) {

comninou_displ_ics (y1l,depthl,beta,psn_ratio_E,
half_space_E, displ_icl);

comninou_displ_ics(y2,depth2, beta,psn_ratio E,
half_space_E,displ_ic2);

/* Superpose the angular dislocation influence coeffs
into
a dislocation segment influence coeff

-/
subtract_matrices (displ_icl,displ_ic2,
displ_ic3):

/* Swap the vertices back to proper oxder (if necessary)

|
|
!

*/
if (swap) ¢
scalar_vector_mult(-1.0,displ_ic3[2],
displ_ic3[2]):
for (i=0; i < 3; i++) |
displ_ic3[ij[0] *= -1.0;
displ_ie3[i][1] *= -1.0;

)

/* Transform from disloc segment to element influence

coeffs

————*/ .
for (i=0; i < 3; i4+) {
initialize_vector({displ_ic4[i],0.0};
for (j=0; j < 3; j++) |
for (k=0; k < 3; k#+) {
displ_ic4[il (3] +=

disloc_seglsegl.elt_b[i][k] *

displ_ic3(k]l[i]l; =

1

/* Rotate from C&D to global coordinates
>/

for (i=0; i < 3; i++) {
rotate_vector (INVERSE ROT,disloc_seg(seg].local rot,
displ_icd[i]);
i

/* Superpose the contribution of this dislocation
segment

Y
for (i=0; i < 3; i++) {
add_vectors(displ_ic[i],displ_ic4[i],
displ_icl[il);

}

/* Calculate strain influence coeffs

*/

if (calc_strain) |

comnineou strain_ics({yl,depthl, beta,psn_ratio E,
half_space_E,strain_icl);

comninou_strain_ics{y2,depth2,beta,psn_ratio E,
half_space_E,strain_ic2);

/* Superpose the angular dislocation influence coeffs into
a dislocation segment influence coeff

%
i
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for (i=0; i1 < 3; i++) {
subtract_matrices(strain_icl[i],strain_ic2[i],
strain_ie3[i]):

}

/* swap the vertices back to proper order (if necessary)

*/
if (swap) {
scalar_matrix_mult({-1.0,strain_ic3[2],
strain_ic3[2]);
for (i=0; i < 3; i++) {
strain_ie3[i] [0} [2] *= -1;
strain_ie3[i][2][0] *= -1;
strain_ie3[i] [1][2] -1;
strain_ie3([i) [2][1] *= -1;

for (i=0; 1 < 3; i++) {
initialize matrix({strain_ic4(i],0.0);
for (3=0; 3 < 3; j++) {
for (k=0; k < 3; k++) {
for (1=0; 1 < 3; 1++) {
strain_ic4[i][j][k] +=

disloc_seg[seg].elt_b[i] [1] *
strain_ic3[1])[j}[k)+

}

/* Rotate strain inf coeffs to global coords

*/
for (i=0; i < 3; i++) {
rotate_tensor (INVERSE_ROT,disloc_seg[seg].local_rot,
strain ic4([il);

)

/* Superpose the contribution of this dislocation segment

*/
for (i=0; i1 < 3; i++) {
add _matrices(strain_ic[i],strain_ic4(i],
strain_ic[i]);

)

} /* loop over dislocation segments */

JREEAA KRRk ARk R kk Ak kA kR k FUNCELION: Fead InFile FHRkExkkdkkkk Ak ko k ko k ko h

* Reads the input file and sets up the problem to be solved.
i S ST 22 T T T ST T P F s
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void read_infile(void)
#else

void read infile(}
#endif

{

/* Read problem constants

*/
read_constants({);

/* Read coordinate systems

*/ -
read_csystems () ;

/* Read observation grids

*/

read_observation_grids(};

/* Read elements and vertices i
>/

read_objs_elts_verts();

[HR Rk ko k kKRN XA Rk PUNCEION: FAnd_CSYS A AAkAERAARALRRL KAk kAR
* Returns a pointer to the coordinate system named by name, or NULL if no
* such coordinate system exists.

*

* In: name - name of the coordinate system to find

e L e T 4

#if defined(_ STDC_ )} || defined(ANSI) /* ANSI */
csys_t *find_csys (char *name)
#else

csys_t *find_csys (name)
char *name;
#endif

{

csys_t *current csys;
current_csys = first_csys_E;

while (current_csys != NULL) {
if (!stremp(name,current_csys->name))
break;
current_csys = current_csys->next;

}

return{current_csys);

JEEFEE IR A AN A A S FFE Ak kkh PUNCLION: FAnd Vert *Exakddk sk dkkdok ok ok ko kk ok ok ok kA Rk
* Return a pointer to the vertex named by name, or NULL if no such vertex
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* exists.
*

* In: name - name of the vertex to find

s R Rk Rk ke ko ko ok ok ko ke ko
#if defined(_ STDC_ ) || defined(ANSI}) /* BNSI */
vert_t *find_vert(char *name)

#else

vert_t *find_vert(name)

char *name;

#endif

ek ek dok ek k k]

vert_t *current_vert;

current_vert = first_vert E;

while (current_vert != NULL) {
if (!strcmp(name,current_vert->name))
break; o
current_vert = current_vert->next;

}

return{current_vert);

[k R Rk ko kR kKRR KH KRR AR FUNCEIONZ P_GELOL *E KA Ak ARk kkdkhkk ko k x kA ke k
* Prints an error message to stderr and calls exit(}). If line != NULL, the

* line and line number (from the input file) on which the error occured are

* printed as well.

*

* In: error_msg - error message to print

* Tline - input file line number at which the errxor gccurred
* (NULL = N/A)
ko Ak P 4
#if defined(_ STDC_) || defined(ANSI) /* ANSI */
void p_error{char *error_msg, char *line)

#else

void p_error{error_msg, line)

kb */

char ‘*error msg;
char *line;
#endif
{ .
fprintf (stderr,“\nerror: %s",error_msg);
if {line == NULL) ¢{
fprintf{stderr,"\n");
} else {
fprintf(stderr,” (%s, line %d)\n",infile_E,linenum E};
fprintf(stderr,” 4s\n",line);
exit(1l);
}

JHk Rk Rk d R R a Rk kakd Function: Setup global coords X EEEkrkAEEEkEskksir

S
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* Defines the global coordinate system, making it the first member in the

* linked list of coordinate systems (first_csys E).

P O A T ST - P
$1f defined(_ STDC_ ) || defined (ANSI) /* ANSI */

void setup_global_coords (void)

#else
void setup_global_coords ()
#endif
{
int i;

/* Set first coord system to global coordinates

*/
first_csys_E = (csys_t *) calloc((size_t) 1,
sizeof(csys_t));
if (1first_csys_E}
p_error("Cannot allocate memory (callec) for glebal coord sys",
NULL};

first_csys_E->name = (char *} mallec{(size_t) -
strlen{(GLOBAL NAME)+1)); ’
if {!first_csys_E->name)
p_error{ "Cannot allocate memory for global coord system name",
NULL}:
stropy(first_csys_E->name, GLOBAL_NAME) ;

for (i=0; i < 3; i++) |
first_csys_E->origin(i] = 0;
)
initialize matrix(first_csys_E->local_rot,0.0);
for (i=0; i < 3; i++) |
first_esys_E->local_rot[i][i] = 1.0;
)

[ R R R ARk R R AR R AR RE AR FUNCEION: OpEN_files *AAFFAkAkkkdhhkhhhk Rk ARk ok

* Opens the input and output files named by the external variables infile E

* and outfile E
Prar

Kk ko ko h ok kR k Rk Rk kK Rk kR Rk k[

#if defined(_ STDC__) || defined(ANSI) /* ANSI */
int open_files (void)
#else
int open_files()
#endif
( .

char error_msg[MAX_ERROR_MSG];

if (infile E[0] != "\0") {

if ({ifp_E = fopen(infile_E,"r"}) == NULL) {

sprintf(error_msg,"Cannot open the input file $s",infile El;
p_exxor({error_msg,NULL);
Y /*ifx/
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}

if (outfile E[0] != "\O') {
if ({ofp.E = fopen(outfile E,"w")) == NULL) {
sprintf(error_msg, "Cannot open the cutput file $%s",outfile_E};
p_error{error_msg,NULL): -
} /rigr/
) /rifr/

return(0);

[HwHkHkdst kA E A >Rk R4R% Function: parse_command line_args **rrssrsrtsikrmirx
* Parses the command line argument using getopt().

*

* In:
*

argc - number of command line arguments

argv - the command line arguments
B R L e e S L LT T Ty
#if defined{__STDC_ ) || defined(ANSI) /* ANSI */
int parse_command_line_args{int argc, char *argv(])

#else
int parse_command_line_axrgs(argc, argv)
int argce;
char “argv{); .
#endif . -
{
int optarg; /* command line
cption/argument =/
int exit = FALSE;
infile E[0] = outfile E[0] = '\0';
while ({(optarg = getopt("i:o:",argc,argv)) != NO_MORE_ARGS && !exit) {

switch (optarg) ({
case NO_SUCH_ARG:
case FILE_ARG:
exit = TRUE;

break; .
/* ~i <filename> names the input file */
case 'i':

if (strlen{getopt_arg_E) > MAXFILE-1) {
p_error{"Input file name too long", NULL);
}
strcpy{infile_E,getopt arg E);
break; - -
/* -o <filename> names the output file */
case 'o':
if (strlen(getopt_arg_E) > MAXFILE-1) {
p_error{"Output file name too long",NULL);
)
strcpy (outfile_ E, getopt_arg_E);
break;
} /*switch*/
} /*while*/

if (exit) {

RN

:
i

fprintf(stderr, "\nUsage: poly [-i infile] [-o outfile]");
fprintf({stderr,"\n (arguments may occur in any order)\n\n"};
return{ERROR) ;

} o /rifx/

return(0);

J ARk kR Rk Ak kb kAR Ak k% PUNCEION! read CONSTANES *hts sk dkhk ki ik bk khkk s
* Reads problem constants from the input fiIe, skipping blank and comment

* lines. Stops reading when a line beginning with END_STMT is reached.

* Sets up remote stress and strain tensors and calls calc_elas_consts() to

* calculate undefined elastic constants. - -
L L T T T e T T

#if defined(__STDC_ ) || defined(ANSI) /* ANSI */
int read_constants(void)
#else
int read constants()
#endif
{ i
int numwords;
char *word[MAXWORDS];
char line[MAXLINE];
char error_msg[MAX ERROR_MSG];
int temp;
double s1llr, s22xr, s33x, sl2r, s1l3r, s23r;

sllr = s22r = s33r = sl2r = s13r = s23r = 0.0;

/* read list of constants

*/
for {;:) {

/* read line from input file, increment linenum

*/
numwords = read_line(line,word);
linenum E++;

/* skip blank and comment lines

*/
if (numwords == Q)
continue;

/* exit loop when end of list reached

*/
if (!stremp(wordf0],END_STMT})
break:;
/* parse constants
if (get_text_var(&titlel E,"titlel",word,numwords,line))

continue;

if (get_text_var(stitle2 E,"title2",word,numwords,line))
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continue;

(get_double_var(&shear_mod_E, "shear_mod", word, numwords))
continue;

{get_double var(&psn_ratio E,"psn_ratio”,word,numwords))
continue;

(get_double var (&youngs_med_E, "youngs_mod", word, numwoxrds} )

continue;

(get_double var(&bulk_mod_E,"bulk_mod",word, numwords) }
continue;

(get_double var(&lame_lambda_E, "lame lambda®,word,numwords))

continue;

(get_double_var(&null_value_E,"null_value”,word,numwords))

continue;
[

(get_boolean_var(&rem_stress_bc_E,"rem bc_type",
"stress","strain",word, numwords, line)}
continue;

(get_double_var{&sllr,"sllr",word,numwords))
continue;

{get_double_var({&s22r,"s22r",word,numwords))
continue;

(get_double var(&s33r,"s33c",word,numwords)}
continue;

(get_double_var{&sl2r,"sl2r",word,numwords})
continue;

(get_double_var(&sl3r,"s13r",word, numwords)}
continue;

{get_double_var(&s23r, "s23r",word, numwords))
continue;

(get_boolean_var(&half_space_E, "half_space”,
"yes", "no",word, numwords, line) }
continue;

(get_boolean_var(&check cond num_E,"check_cond_num",
"yes", "no",word, numwords, line))
continue;

{get_boolean_var{&print_elt_geom E, "print_elt_geon",
"yes", "no",word, numwords, line})
continue;

{get_text_var(selt_geom_csys_name E,"elt_geom_csys"
,word, numwords,line))
continue;
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/* Print error message if line has incorrect format

*/

else {
p_error ("Unknown constant, or incoxrect format",
line);

)

/* Calculate elastic constants

*/

if ((temp = calc_elas_consts{&shear_mod_E, &psn_ratio_E, &youngs_mod_E,

&bulk_mod_E, &lame_lambda_E}) != 0) {

sprintf(error msg,"Too %s elastic constants defined (define two}",

(temp EC_TOO_FEW) ? "few" : "many"};
p_error{error_msg,NULL}); .

)

/* Set up remote boundary condition stress and strain tensors

*/
rem stress_E[0][0] = sllr;
rem stress_E[1][1l] = s22r;
rem stress_E[2][2] = s33r;
rem_stress_E[0][1] = rem_stress_E[1][0] = sl2r;
rem stress_E[0] (2] = rem_stress_E[2][0] = sl3r;
rem stress_E[1][2] = rem stress E[1][2] = s23r;
copy_matrix(rem_ stress_E,rem strain E};
if (rem stress_bec_B) (
stress_to_strain{rem_strain_E,youngs_mod_E,psn_ratio_E,
rem_strain_E};
} else {
strain_to_stress(rem_stress_E,shear_mod_E,lame_lambda_E,
rem stress_E);

}

return{0);

[ ARk kk kAo kX% FUNCEION: read CSYSTEMS Xk awkddxdakdk Ak kA hk
* Reads user coordinate systems from the input file, skipping blank and
* comment lines. Stops reading when a line beginning with END_STMT is

* reached. Adds coordinate systems to the linked list whose first member
* {(global coords) is given by first csys_E.

ook ko ek k ok ke ok ok Rk Rk k ke *xwr Ehk ko k
#1f defined(_ STDC__) || defined(ANSI) /* ANSI */
int read_csystems (void)
#else
int read csystems ()
#endif
{
int numwo rds ;

char *word[MAXWORDS];

char error_msg[MAX ERROR_MSG];
char line[MAXLINE]:;

char temp_char;
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int

double
double
int

double
csys_t
csys_t

irjeks
rot_matrix[3](3][3];
local_rot[3]([3];
rot_order([3];
rot(3];

*parent;
*current_csys;

/* Initialize coordinate rotation matrices

*/

initialize_matrix{local_rot,0.0);

for (i=0;

i< 3; i4+4) |

initialize matrix({rot_matrix[i],0.0);

}

/* Set first coordinate system to glcbal coordinates

>/

setup_global coords(};
current_csys = first_csys_E;

/* Read in coordinate systems

*/

for {(;;

/* read line from input file, increment linenum

*/

numwords = read line(line,word);
linenum_E++;

/* Skip blank and comment lines

*/

if (numwords == 0)

continue;
/* Exit loop when end of list reached

*/

if (!strcmp (word[0],END_STMT))

break;
/* Check for proper number of parameters

*/

else if (numwords != CS_NUM PARAMS) {

)

/* Check if coordinate system name already taken
*

sprintf(error_msy,

"Too $s parameters specified to define coord system",

(numwords < CS_NUM_PARAMS) ? "few" : "many");
p_error{error_msg,line);

/

if (find csys (word[CS_NAME POS]) != NULL) {

}

/* Allocate memory in linked list for local coordinate system
*

p_error("Coordinate system already exits",line);

SR VRUUSENNUNHSR—————]

current_csys->next = (csys_t *)
calloc{({size_t) 1,sizeof(csys_t));
if (!current_csys->next)

p_error("Cannot allocate memory (calloc) for local coord sys",

line);
current_csys = current_csys->next;

/* Assign coordinate system name

*/

current_csys->name = {char *) malloc((size_t)
strlen(word[CS_NAME_POS])+1);

if (!current_csys->name)
p_error("Cannot allocate memory for coord system name",
line);

strcpy (current_csys->name, word[CS_NAME_POS]);

/* Get coordinate system parent

*/
if ((parent =
find__csys(word[CS_PARENT_POS] )} == NULL) {
p_error("Undefined coordinate system”,line);
! i

/* Get coordinate system origin and convert to global coords

*/

for (i=0; i < 3; i++) {
current_csys->origin[i] = atof {word [C5_ORIGIN_POS+i]);
1
transform_position_vector (INVERSE_TRANS,
parent->origin,parent->local_rot,current_csys->origin);

/* Get rots about x1,x2,x3 axzes of parent and convert to radians
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for (i=0; i < 3; i++) {
rot[i] = RADIANS (atof (word{CS_ROT_POS+i}));
}

/* Get the rotation order

*/
for (i=0; i < 3; i++) {
temp_char = word(C5_ROT_ORDER_POS] [il;

if (temp_char < 'l' || temp_char > '3') {
p_sxror{"Invalid axis for rotation order"”,
line);
}
rot_order([i) = temp_char - '1';

}

/* Set up the rotation matrices

*/
for (i=0; i < 3; i++) (
3 = i+l;
k = i+2;

i (3> 2) 3 -= 3
if (k > 2} k —= 3;

rot _matrix(i] (1] [i] = 1.0;
rot_matrix[i] [j] (3] =

| &4
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rot_matrix[i] (k] [k] = cos{rot[i]); */
rot_matrix[i][k][j] = if (numwords 0)

-{rot_matrix[i] [§][k] = sin(rot[il)}; continue;

}
/* exit loop when end of list reached
/* Calculate the global-to-local coordinate rotation matrix */
*/ if (!stremp(word[0],END STMT)}

matrix_mult (rot_matrix[rot_order{0]],parent->local_rot,local_rot); break;

matrix_mult(rot_matrix[rot_order[1]],local_rot,local_rot);
matrix_mult(rot_matrix[rot_order([2]],local_rot,local rot);
copy_matrix(local_rot, current_csys->local_rot);

/* Get grid dimension

dimension = atoi (word[OG_DIMEN_POS]):

}
/* Prevent sloppy memory references: /* Check for proper number of parameters
*/ */
switch {dimension) {
current_csys->next = NURL; case 0:
correct_num params = (numwords == OG_MIN_NUM_PARAMS);
return(0}; break;
} case 1l: -
correct_num_params = (numwords == (OG_MIN_NUM PARAMS +
43)7
J* R Rk Rk ek kkkkk kR xRk % Punction: read observation grids *RwHwdkskkkkkakakkk " break;
* Reads observation grids from the iant file, skiEping blank and case 2:
* comment lines. Stops reading when a line beginning with END STMT is case 3:
* reached. Adds observation grids to the linked list whose first member correct_num_params = (numwords == (OG_MIN_NUM PARAMS +
* {global coords) is given by first_obs_grid E. 6}); - - T T
P R L L et S L Y break;
#if defined(_ STDC_) || defined(ANSI) /* ANSI */ default:
int read_observation_grids(void) p_error("Invalid dimension for observation grid”,
#else line);
int read_observation_grids() }
#endif
if (!correct_num_params} {
{ sprintf{error_msg,
int numwords ; "Incorrect number of parameters for 3%d-D
char *word{MAXWORDS]; grid",dimensicn);
char line[MAXLINE]; p_error{error_msg,line);
int i; }
int dimension;
char error_msg[MAX_ERROR MSG]; /* Allocate memory for observation grid
int correct_num params; */
obs_grid_t *current_obs_grid; if (first_obs_grid _E == NULL) {
int num_ones; first_obs_grid E = (obs_grid_t *}
int numpts; calloc((size_t) 1,sizecf(obs_grid_t));
char temp_char; if (first_cbs_grid E) - T
p_error("Cannot allocate memory (calloc) for obs grid",
/* Read in observation grids line);
*/ current obs grid = first_obs_grid E;
for (i) { . } else ( -7 -0 T

H
1
i
H
H
i
:

current_obs_grid->next = (obs_grid t *)

/* read line from input file, increment linenum calloc((size_t) l,sizeof(obs—grid t)):

*/ if (!current_obs_grid->next)
numwords = read_line(line,word); p_error("Cannot allocate memory (calloc) for obs grid",
linenum E++; line);
current_obs_grid = current_obs_grid->next;
/* skip blank and comment lines 1

|
|
;
H
1
1

H
;

R
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/* Get the input coordinate system

/* Set the observation grid dimension

*/ */
current obs_grid->dimension = dimension; if ({current_obs_grid->endpt_csys =

-7 find_csys (word[0G_INPUT_CSYS_POS1)) NULL) {
p_error("Undefined coordinate system”,line);

/* Get observation grid name

*/ }
current_obs_grid->name = (char *) malloc((size_t)
strlen{word[0G_NAME_POS])+1);
if (!current_obs_grid->name)
p_ex:ro;("csnnot allocate memory for observation grid name",

/* Get the observation point coordinate system
-

if ((current_obs_grid->ocbspt_csys =

line); £ind_csys (word[0G_OBSPT_CSYS_POS])) NULL) ¢

strepy (current_obs_grid->name,word[OG_NAME_POS]); p_error{"Undefined coordinate system",line};
_00s_ , -
/* Get the print options
*/ /* Get the output coodinate system

i=0; */
current_obs_grid->print{DISPL] = FALSE; if ({current_obs_grid->outp_csys =
current obs grid->print{STRAIN] FALSE; find esys (word[OG_DATA C5YS_POS])) NULL) {

current_obs_grid->print[STRESS] = FALSE;

p_error("Undefined coordinate system”, line);
cu:rent:cb s_g:id—>print [PSTRAIN] FALSE; }

current_obs_grid->print[PSTRESS] = FALSE; i
while ((temp_char = word[OG_BRINT_OPS_POS][i]) != '\0'} | /* Get the beginning & ending coordinates
switch {temp_char) { */
case DISPL_CHAR: for (1=0; 1 < 37 i++)
current_obs grid->print [DISPL] = TRUE; ° current_cbs_grid->begin(i] = atof (word[OG_BEGIN_POS+i]):
break; = if (dimension != 0) {
case STRAIN_CHAR! current_obs_grid->end[i] = atof(word[OG_END_POS+i]);
current_obs_grid->print[STRAIN] = TRUE; }
break; !

case STRESS_CHAR:

current obs_grid->print[STRESS] = TRUE; /* Get number of points along each coord axis in grid
- - *

break;
case PRINCIPAL_CHAR: num_ones = 0; X
i++; for (i=0; i < ({dimension 2) ? 3 : dimension}; i++) {

switch (word[OG_PRINT_OPS_POS][i]) {
case STRAIN_CHAR:
current_obs_grid->print[PSTRAIN] =

current_obs_grid->numpts[i] = numpts =
atoi (word[OG_NUMPTS_POS-(—i] Vi
if {numpts < 2] {

TRUE; if (dimension == 2 && numpts == 1) {
break; num_ones++;
case STRESS_CHAR: 1 else {
current obs grid->print[PSTRESS] = sprintf (error_msg,
TRUE; . "%dD observation grid axes require %d or
break; more points",
default: dimension, ({dimension == 2} 2 1 : 2});
p_error("Invalid observation grid p_errox{error_msg,line};
print option®, }
line); }
} )i
break; if (dimension == 2 && num cnes != 1} {
default: p_exror( ) ) ) )
p_error("Invalid cbservation grid print "1 (& only 1) 2D observation grid axis requires 1
optien™,line); point", .
} line);
i++; }
}

/* Convert the begin & end pts to global coords

B
o,
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Jrkknn gk kxe kR kR A%k *A4 Function: read_objs_elts_verfs *rrYrxaakiradkkxatiis
Reads objects, elements, and vertices from the input file, skipping blank
Stops reading when a line beginning with END_STMT is

Y

*

#if defined{__STDC_ ) |I

and comment lines.

reached.
Pointers between these lists are set to indicate which elements belong to

an object and which vertices belong to an element.
IS SRS SR

*/

/*transform position_vector (INVERSE_TRANS,
current_obs_grid—>endp:_csys—>origin,
current_cbs_grid—>endpt_csys—>local_rct,
current_obs_grid->begin);

transform position_vector (INVERSE_TRANS,
current_obs__grid—>endpt_csys—>origin,
current_obs_grid—>endpt_csys—>local_rct,
current_obs_grid->end); */

/* Prevent sloppy memory references:
*/

current_obs_grid->next = NULL;

return(0);

“

Objects, element and vertices are stored in seperate linked-lists.

defined (ANSI) /* ANSI */

int read_objs_elts_verts(void)

#else

int read_objs_elts_verts()

#endif

int
char
char
vert_t *current vert;
obj_t *current_obj;
elt_t *current_elt;

nurwords ;
*word [MAXWORDS] ;
line [MAXLINE];

/* Read in vertices and elements

*/

for

(3:) {

/* read line from input file, increment linenum
«

/

numwords = read_line(line,word):
linenum E++;

/* skip blank and comment lines
*/

if (numwords == 0}
continue;

/* exit loop when end of list reached
*

/

#if defined(_ STDC_ ) I}
void print_obj_titles{obj_t *current_obj}
#else

void print_obj_titles{current_obj)

obj_t *current_obj;

#endif

{

)

if (!strcmp(word[0],END_STMT})
break;

/* read vertex info
Zxy
V_CHAR} {

if (word[0][0]

get_vert_info(&current_vert,numwords,word,line);

/* Read object info

else if ({(word[0][0]

>/

== OBJ_CHAR) {

get_obj_info(geurrent_obj,numwords,word,line);

)

/* Read element info

else if (woxd[0][0] == E_CHAR) (

get_elt_info(&current_elt,current_obj,numwords,

word, line);

)

/* Make sure last object contains element(s)

*/

if (current_obj->first_elt == NULL)

p_error("Last object contains no elements”,NULL);

return(0);

defined (ANSI) /* ANSI */

SRk kR R d ko Ak kA kR AR H A% PUNCEAON! PriRt_obJ_tATles ®kAsFaikrkmadkhdhhkRuhtk
* Prints the object name and column titles to the output (& temporary output}
* files.
*

* In: current obj - the object for which titles are to be printed
- S TSRS S

\n"

fprintf(ofp_E, "\n\n

fprintf(ofp_E,

fprintf (ofp_E, PELT CENTER COORD SY$: $s\n",
current_obj->pos_csys—>name}}
fprintf(ofp_E,
\n");

/* Print titles

}

" OBJECT: %s\n",current_obj->name);

if (current_ obj->print[DISPL]) {

)

(
fprintf (tempfp_E(DISPL],0BJ_DISPL_TITLE);
fprintf (tempfp_ E[DISPL],O0BJ_LOC_LABELS) ;
fprintf (tempfp_E[DISPL],OBJ_DISPL_LABELS) ;
fprintf (tempfp E[DISPL],OBJ BC_CSYS_LABELS);
fprintf (tempfp_ E[DISPL],0BJ_LOC_UNDLNS) ;
fprintf (tempfp_ E[DISPL],OBJ_DISPL_UNDLNS);
fprintf(tempfp E[DISPL],0BJ_BC_CSYS_UNDLNS);

if (current_obj->print[STRESS]) (

fprintf (tempfp_E[STRESS],OBJ_STRESS_TITLE) ;
fprintf (tempfp_E[STRESS],OBJ_LOC_LABELS) ;
fprintf (tempfp_E[STRESS],OBJ_STRESS_LABELS) ;
fprintf (tempfp_E[STRESS],OBJ_BC_CSYS_LABELS) ;
fprintf (tempfp_E[STRESS],OBJ_LOC_UNDLNS) ;
fprintf (tempfp_E[STRESS],OBJ_STRESS_UNDLNS) ;
fprintf (tempfp_E[STRESS],0BJ_BC_CSYS_UNDLNS) ;

JHkkm Ak Rk rkx s rkkkxr+ FUnction: Print_obs_grid_titles *¥sssssrsssidiwsskids

* Prints the observation grid rname and column titles to the output
(& temporary output)

*

*

* In: current_obs_grid

files.

-~ the obs grid for which titles are to be printed

dkkk ko kK Rk ek ok ok ok bk ek e ok ok ok ok ok ok ek ek ke ko R kK ek ok ek kR ko f

#if defined(_ STDC_ ) ||

defined(ANSI) /* ANSI */

void print_obs_grid titles(obs_grid_t *current_obs_grid)

#else

void print_obs_grid_titles{current_obs_grid)
obs_grid_t *current_obs_grid;
#endif

{

)i

fprintf(ofp_E, "\n\~n
fprintf{ofp_E,
fprintf(ofp_E,

fprintf{ofp E,

\n

"$d-D OBSERVATION GRID: %s\n",
current_obs_grid->dimension, current_obs_grid->name);
" OBS POINT COORD SYS: %s\n",
current_obs_grid->obspt_csys->name);

n OUTPUT COORD 5Y$: %s\n",
current_obs_grid->outp_csys->name);

fprintf{ofp_E,

\n");

/* Print titles to temporary files
*/

if

(current_obs_grid->print (DISPL]) {
fprintf(tempfp E[DISPL] ;0G_DISPL_TITLE);
fprintf{tempfp E[DISPL],0G_LOC_LABELS);
fprintf(tempfp_E[DISPL] »OG_DISPL_LABELS) ;
fprintf (tempfp E[DISPL],0G_LOC_UNDLNS) ;
fprintf (tempfp E[DISPL],O0G_DISPL_UNDLNS) ;

{current_obs_grid->print[STRAIN]) {
fprintf{tempfp E[STRAIN],OG_STRAIN_TITLE);

forintf (tempfp_E[STRAIN],O0G_LOC_LABELS) ;
fprintf (tempfp_E[STRAIN],O0G_STRAIN_LABELS) ;
fprintf (tempfp_ E[STRAIN],OG_LOC_UNDLNS) ;
fprintf (tempfp_E[STRAIN],OG_STRAIN_UNDLNS) ;

)i

if (current_obs_grid->print[PSTRAINI} {
fprintf (tempfp E[PSTRAIN],OG_PSTRAIN TITLE);
fprintf (tempfp_E[PSTRAIN],OG_LOC_LABELS) ;
fprintf (tempfp_E[PSTRAIN],OG_PSTRAIN_LABELS);
fprintf (tempfp_E[PSTRAIN],O0G_LOC_UNDLNS) ;
fprintf(tempfp E[PSTRAIN],OG_PSTRAIN_UNDLNS);

)

if {(current_obs_grid->print[STRESS]) |
fprintf(tempfp E[STRESS],0G_STRESS_TITLE);
fprintf (tempfp E[STRESS], 0% LOC_LABELS);
fprintf (tempfp E[STRESS],0G_STRESS_LABELS) ;
fprintf (tempfp_ E[STRESS],0G_LOC_UNDLNS) ;
fprintf (tempfp_E[STRESS],0G_STRESS_UNDLNS) ;

)

if (current_obs_grid->print[PSTRESS]) {
fprintf (tempfp_E[PSTRESS],OG_PSTRESS_TITLE);
forintf (tempfp E[PSTRESS],0G_LOC_LABELS);
fprintf (tempfp_E[PSTRESS) »0G_psTRESs_1ABERS) ;
fprintf(tempfp_E[PSTRESS],0G_LOC_UNDLNS);
fprintf (tempfp_E[PSTRESS],OG_PSTRESS_UNDLNS) ;

Jd ek ek Rk Rk ek ko kR PUNCEION: Drint_elf_dafa * Rk R ek RNk Rk Rk ARk h Sk
Calculates and prints displacement and traction data for an element, given:

*
*
* In: current_obj - the object to which this element belongs
> current_elt - the element for which data is to be printed
* elt_num - the element number within the object
* Qut: stress - the stress tensor at the element center due to
ALL elts

displ - the displacement of the element center due to ALL elts
* EXCEPT this element

ek ok ok ok ek ek ok ko ko ok ok e ok bk ke sk ko ok ok Ak ko kR kR kR Ak kR kN ko kx )

#if defined(_ STDC_ ) || defined(ANSI) /* ANSI */

void print_elt_data(obj_t *current_obj, elt_t *current_elt, int elt_num,

double displ[3], double stress[3]1[3])

#else

void print_elt_data(current_obj, current_elt, elt_num,
displ, stress)

obj_t *current_obj;

elt_t *current elt;

int elt_num;

double displ(3];

double stress{3)[3];

#endif

{
double
double

half b(3];
displ_pos[3];

96
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double displ_neg[3];
double normal_vector(3];
double traction(3]1;
double b[3];

double center[3];

int i;

copy_vector(current_elt->elt csys.origin,center);
transform position_vector (FORWARD TRANS,
current_obj->pos_csys->origin,
current_obj->pos_csys->local_rot,
center) ;

/* Print element location infe

*/
for (i=0; i < NUM PR OPTS; it++) |
if (current_obj->print¥#il} {
fprintf(tempfp_E[i],O0BJ_LOC_FMT,elt_num,center([0],
center([1l],center{2]);

1

/* Print displacement data if requested
>

/
if (current_obj->print[DISPL]) {

/* Rotate displacement vector to the bc coordinate sys

*/
rotate_vector {FORWARD_ROT,current_elt->bc_csys->local_rot,displ);

/* Compute the absolute displacements of the pos and neg sides
of the element by adding the displacement discontinuity to
the calculated displacment

*/
for (i=0; i < 3; i++) {

b[i] = *current_elt->blil;
1
scalar_vector_mult(0.5,b, half b);
add_vectors (displ,half_b,displ_pos);
subtract_vectors (displ,half_b,displ neg);

fprintf (tempfp_E[DISPL],OBJ_DISPL_EMT,
b[0],displ_pos[0],displ_negl0],
bfl),displ_pos[l],displ_neg{l],
b[2],displ_pos[2],displ_neg[2]};
}

/* Print stress (traction) data if requested

*/
if (current_obj->print(STRESS]} {

/* Calculate the traction vector on the element plane and
rotate to bc coordinates

*/

normal_vector[0] = normal_vector[l] =
normal_vector[2] = -1.0;

0.0;

————

- R

!

copy_vector (x,x_copy) L.
transform position_vector( FORWARD_TRANS, cbspt_csys->origin,
obspt_csys->local_rot, *_copy) ¢

/* Print observation point location to temp files
*/

for {i=0; i < NUM_PR_OPTS; i++) |
if (curxent_obs_grid—>print[i]) {

fprintf (tempfp_E[i],06_LOC_FMT,x_copy(0],x_copy(l],x_copy(2]};

}

* Print displacement data to temp file

~

*/
if {current_obs_grid->print[DISPL]) {
rotate vector (FORWARD ROT, outp_csys->local_rot, displ);
if (below_vertex E}
initialize vector(displ,null_value E);
fprintf (tempfp E[DISPL],O0G_DISPL_FMT,displ[0],displlii},displl[2]);

/* Print stress data to temp file

*/

if (current_obs_grid->print{STRESS] || current_obs_grid->print [PSTRESS]) |

strain_to_stress(strain, shear_mod E, lame lambda B, stress);
rotate_tensor( FORWARD_ROT, cutp_csys—>local_rot, stress);

if {current_obs_grid->print[STRESS]) (
if {below_vertex E)
initialize_matrix{stress,null value E};

fprintf (tempfp E[STRESS],O0G_STRESS_FMT,stress [0} [0} ,stress[1}[1],
T stress[2][2], stress[0)[1], stress[1][2],

)

if (current_obs_grid->print{PSTRESS]) {
/* Calculate principal stresses
*/

if (below_vertex E) {
initialize_vector (prin,null_value_E};
initialize_matrix(traj,null_value E};

} else {
principal (stress, prin, trajl;

}

fprintf (tempfp E{PSTRESS], OG_PSTRESS_FMT,
traj[01(0), traj{0]([1l], traj(0}(2], prinl[0],
traj(1](0], traj(1l{1], traj[l](2}, prin[l],
traj[2]1[0], traj[2]{l], traj[2](2]), prin(2]);

/* Print strain data to temp file
*

if (cuzren:_obs_g:id—>print[STRAEN] 1t cur:ent_obs_g:id—>p:inc[PSTRAIN]) {

stress[0][2]):

R .

T

rotate_vector (INVERSE_ROT,current_elt->elt_csys.local_rot,
normal_vector); - -

cauchy{stress,normal_vector,traction};

rotate_vector (FORWARD_ROT,
current_elt->bc_csys->local_rot,traction);

fprintf(tempfp E[STRESS],OBJ_STRESS_FMT,traction[0],
tractien(1l],traction[2]);

}

/* Print BC coord sys name
*

for {i=0; i < NUM_PR_OPTS; i++)
if (current_obj->print[i]) {
fprintf (tempfp_E[i),OBJ_BC_CSYS_FMT,
current_elt->bc_csys->name) ;

JHAENEERE AR AR SRR A RIS FUNCEION: DIint_obs_ph data *Ekssddkrerrtakkdhrrdrh

* Prints stress, strain, and displacement data for an observation point.

*

* In: current_obs_grid - the obs grid to which the obs point belongs

* x - coordinates (glokal) of the
observation point

* displ — the displacement (global coords) at the
obs pt

*

strain - the strain

obs point

R R LS o s T E T TR TRy

#if defined(_ _STDC_ ) [| defined(ANSI) /* ANSI */

void print_obs_pt_data{obs_grid_t *current_obs_grid, double x[3],
double displ[3], double strain[3][3])

#else

void print_obs_pt_data(current_obs_grid, x,

obs_grid_t *current_obs_grid;

double x{3];

double displ[3];

double strain[3] [3];

#endif

ispl, strain}

{

double stress(3](3];:
double prinf3];
double traj[3](3]:
double x_copy{3];
csys_t *obspt_csys;
csys_t *outp_csys;
int i;

obspt_csys = current_obs_grid->obspt_csys;
outp csys = current_obs_grid->outp csys;

R
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rotate_tensor (FORWARD_ROT, outp_csys->local _rot, strain};

if (curzent_obs_g:id—>print[STRAIN]) {
if (below_vertex E)
initialize matrix(strain,null_value E);

fprintf {tempfp_E[STRAIN], OG_STRAIN_FMT, strain[0][0),strainf1][1],
strain[2][2], strain[0j[1], strain(1)(2],
)
if (current_obs_grid->print [PSTRAIN]) {

/* Caleculate principal strains
*/

if (below_vertex E} {
initialize_vector(prin,null_value E);
initialize matrix{traj ,null_value E};

} else {
principal (strain, prin, traj):

)

fprintf (tempfp E[BSTRAIN],O0G_PSTRAIN_EMT,
traj [0} (0], traj[0l[1], traj(0)(2], prin{0],
traj[1]1(0], traj(ll[l], trai[l] (21, prin(l},
traj[2]{0], traj(2]i1], trajl(2]l{2], prin(2]);

)

below_vertex E = FALSE;

[ FEEHerH AR kR Arw*kFAF Punction: determine burgers_vector

components.
file leads to one equation and one unknown.
using the functions d_ludcmp{} and d_lubksb{() adapted from the book
"Numerical Recipes in C, 2nd Ed." (Press et al., 1892).

Modifies:
b_vector[]

R E K Rt F %

vector components
* "current elt"->b[i] - pointer to ith component of Burgers vector.

e ok ok ek ok ek ook sk ko ok ok ok ok ke kR ok Rk ek Rk kR ek Rk Rk Rk Rk ko k

/* BANSI */

#1if defined(__STDC__ ) || defined(ANSI)
void determine_burgers_vectors ()

#else

void determine_burgers_vectors ()
#endif

{
elt_t *eltl;
elt_t *elt2;
int num_eqns = 0;
int eqn_num = 0;
double **ic_matrix;
double **ic_matrixz_invi
double *b_vector;

e — -

Sets up a system of linear equations to solve for unknown Burgers vector
Each traction boundary condition compenent given in the input
Selves the system of eguations

{glockbal coords} at the

-

§ ARk kR kR AR R R RN K

- static array holding (previously) unknown Burgers

T

strain{0](2]);
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double *column;

double norml;

double norm2;

int *pivot;

int i, 3z

int row;

int rplus;

int col;

int cplus;

double stress_1ic[3](31[3]:
double traction ic[31(3];
double displ_ic[3][3];
double strain ic{3][3]1[3};
double di

double normal_vector[3];

/* Determine number of simulfaneous equations

*/
eltl = first_elt E;
while (eltl NULL) {
for (i=0; i < 3; i++) {
if (eltl->bc_type[i] == TRACTION BC)
num_eqns++; B
)

eltl = eltl->next;
)

/* Allocate memory for matrix and vectors. Note that indicies range
from [l..num_eqns] rather than [0..num egns-1] for compatibility
with "Numerical Recipes" functions used below

*/

ic_matrix = dmatrix(1l,num_egns,l,num eqns);

ic_matrix_inv = dmatrix({l,num _eqns,1,num egns);
column = dvector(l,num_eqnsT;
b_vector = dvector(l,num egns);

pivot = ivector(l,num eqns);

/* Set up vectors

_________________ */
eqn_num = 1;
eltl = first_elt_E;
while - (eltl != NULL) {
for (i=0; i < 3; i++) |
switch (eltl->bc typelil) {
case BVECTOR_BC:
eltl->b[i] = geltl->belil;
break;
case TRACTION_BC:
eltl->b{i] = &b_vector(eqn_num];
b_vector[eqn_num] = eltl->belil;
eqn_num++;
break;
)
}
eltl = eltl->next;
}

,,,M‘M\\“\“w\“\\‘w‘\m\\.\MW\M.
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row = 1;
eltl = first_elt E;
while (eltl != NULL) {
if (eltl->bc_type[0] == TRACTION_BC ||
eltl->be_typell} TRACTION_BC ||
eltl->bc typel2] TRACTION BC) (

/* Determine the element normal

*/
normal_vector{0] = nermal_vector[l] =
normal_vector([2] = -1.0;
rotate_vector{INVERSE_ROT,eltl->elt_csys.local_rot,
normal_vector) ;. - -

0.0;

/* Go to first column of influence coefficient matrix

*/
col = 1;

/* Loop over elements
Y -

elt2 =
while

first_elt_E;

{elt2 !'= NULL)} {

/* calculate the stress inf coeffs due to this element

displ_strain_ics_poly elt(FALSE,TRUE,elt2,eltl~
>elt_csys.origin,
displ_ic, strain_iec, elt2):
if (below_vertex_E)
p_error(
"One elt's center lies directly under
another's vertex”,
NULL};
for (i=0; i < 3; i++) {
strain to_stress(strain ic[i],shear_mod_E,lame lambda_E,
stress_ic[il);

1

/* Resolve them into traction inf coeffs
*/

for (i=0; i < 3; i++) {

*/

cauchy(stress_ic[i],normal_vector,traction_ic[il);

rotate_vector (FORWARD_ROT,eltl->bc_csys-

>local_rot,
traction_ic[i));
}
/* Set up inf coeff matrix terms due to this element
0;
31 o< 35 i)
if (eltl->bc_type[i] == TRACTION_BC) (
cplus 0;

for (j=0; j < 3; j++) {
switch (elt2->be_typeljl) {
case BVECTOR_BC:
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/* Solve the system of linear eqns {courtesy of "Numerical Recipes™)
*/

d ludecmp(ic_matrix, num eqns, pivot, &d);
d_lubksb(ic_matrix, num_eqns, pivet, b_vector);

/* Compute the matrix condition number if requested.
*/

if {(check_cond_num_E && num eqns != 0) [

/* Finish inverting ic_matrix
*/
for (i=1; i <= num egns; i++) {
for {j=1; 3 <= num_egns; Jj++)
column[j] = 0.0;
columnfi} = 1.0;
d_lubksb(i¢_matrix, num eqns, pivot, column);
for (j=1; J <= num eqns; j++)
ic_matrix_inv[j][i] = column(j];

}

/* calculate L-infinity maximum norm of the inverted ic_matrix

*/
norm2 = array_max norm{ic_matrix_inv,1l,num eqns,l,num _eqns);

cond_num E = norml * norm2;

H 3
H H
i H
H H
H i
H
H 7
: H
7 H

/* get line, exit function on EOF
*/
{ (numwords = getwords (ifp_E, line,MAXLINE, word, MAXWORDS,
CONTINUE CHAR)) < 0) {
switch {(numwords} {
case GW_EOF_ERR:
p_error{"Unexpected EOF in getwerds () \n",NULL) ;
case GW_MALLOC_ERR:
p_error("Memory allocation error in getwords{)\n",NULL):
case GW_MAXWORDS_ERR:
p:error("’l‘zo many words error in getwords()\n",NULL);

if

¥
} /rLEX/

/* if line contains a comment, adjust numwords accordingly
*

exit = FALSE;

for {i=0; texit && (i < numwords); i++) {

/* Loop over characters in word. If comment character is found,

replace with '\0' and exit loop.

*/
3 =0;
while

"\No') |
== COMMENT_CHAR) {

(woxrd[i] [3]
if (word[i][j]

*/

P —
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foor b o I Lo
b_vector[row+rplus] -= .
traction ic[j][i]l* - /* Free memory used by vectors/matrices, EXCEPT for b_vector
B (*elt2->b (31} s */
break; free_dmatrix (ic_matrix,l,num_eqns, 1,num_eqgns);
case TRACTION BC: fzee_d.mat:ix(ic_matrix_inv,1,num_eqns,l,nu.m_eqns);
- free_dvector(column,l,num_egns};
ic _matrix[row+rplus] [col+cplus} = free_ivector({pivot,l,num_eqns);
- traction_ic(jl[il; }
cplus++;
break;
] /*switch*/ Jr ok k ok k ddok kR Rk n % FURCEION: read_line ®kAwkAkkaknkkddkddkaonkad ey
} /*for*/ * Uses getwords(} to read a line from the inmput file. Adjusts numwords
rplus++; * appropriately if the line contains a comment character. Returns number
} /*if*/ * of words on line. -
) /*for*/ * ) . .
col += cplus; * Out: line - the line read from the input file )
elt2 = elt2->next; * In: word[i] - the ith word on the line {(null-terminated string)
} /*while*/ ! ek ok ok ok ok ok b ok Sk ok ok kR kb sk ok Rk k kKR ek ko k
while
#if defined(_ STDC_ ) || defined (ANSI) /* ANSI */
row += rplus; int read_line(char *line, char *word[])
} /*ifx/ #else i
int read_line(line, word)
eltl = eltl->next; char *line;
} /*while*/ char *word[l;
. #endif
/* Caleulate L-infinity maximum matrix of ic_matrix .
*/
if (check_cond num E && num_eqns != 0} ( int numwords; .
- norml = array max_norm{ic_matrix,l,num egns,l,num eqns); char error_rf\sg[.MAX_ERROR_MSG] ;
} -7 int i, 3;
int exit;

-

L

ot

S ——

66



—— o

word[i]{j] = '\0';
exit = TRUE;

break;
}
Jti
}
)
if (exit)
numwords = (j == Q) ? i-1 : i;

return (numwords) ;

[FEAEAFEA RS SRR A A S REARFAAS Function: get double var FrEEERRAAREALA AL RIS EARF
* Function for assigning values to double variables. Returns TRUE if an

*

* assignment is made, or FALSE otherwise.
A

* In: var_name - name used for this variable in the input file

* word - array of words given in the input line

* numwords - number of words on the input line

* In/Out: var - variable to which a value is to be assigned
e 3 /

#if defined(_ STDC_ ) || defined(ANSI) /* ANSI */

i

#

nt get_double var(double *var, char *var_name, char *word[], int numwords)
else

int get_double_var({var, var_ name, word, numwords)
double *var;

char *var_name;

char *word[];

int nunwords ;

#endif

if {!strcmp (word[CONST_NAME_ POS],var_name}) {
if (numwords == CONST_NUM_PARAMS) {
*var = atof{word[CONST_VALUE_POS]);

)

return (TRUE) ;
!
return (FALSE) ;

JEEER R A AR A SRR kSRS PUNCEIONT gEf_bOOLEAn VAL *¥*k*d kst ik kb hdikhkkbss

* Function for assigning values to boolean variables. Returns TRUE if an

* assignment is made, or FALSE otherwise.

-

* In: var_name - name used for this variable in the input file
> true_string - true value string for this var in input
file -

* false_string - false value string for this var in input
file

* word - array of words given in the input line
* numwords - number of words on the input line

* line - line read from the input file

H
:
H
H
H
H
:
H
:
!
%

TR

R

char “*word[]l;

int nunwords;
char *line;

#endif

char error_msg[MAX_ERROR_MSGI;

if (!strcmp(word[CONST_NAME_POS],var_name}) {
if (numwords == CONST_NUM_PARAMS) ({
*var = (char *) malloc{(size_t)

strlen (word[CONST_VALUE_E‘OS] 41} ;

%s

/*

if (!*var) {
sprintf(error_msg,"Cannot allocate memory for
",var_name);
p_error{error_msg,linej;
)i
stropy {*var,word[CONST_VALUE_POS]);
}
return (TRUE) ;
}
return (FALSE) ;

ko kR ke kAR kR kR ok FUnCtion: get_vert_info Fkakkkskkkdkdakdortdaidkr

* Reads vertexz info and sets up new member in linked list of vertices.
*
* In: numwords - number of words on input line )
* word - array of words given in the input line
* line - the input line
* In/Out: current_vert - the current (last) vertex in the linked list
T P P Kk Ak dk ek ke kR ek k k[
#if defined(_ STDC_ ) || defined(ANSI) /* ANSI */
void get_vert_info(vert t **current_vert, int numwords, char *word[],
char *line)
#else )
void get_vert_info(current_vert, numwords, word, line)
vert_t **current_vert;
int numwords ;

char *word(]:
char *line;
#endif

int iz
char error_msg [MAX_ERROR_MSG] ;

/* Check for proper number of parameters
*/

if (numwords != V_NUM_PARAMS) {
sprintf(error_msg,
"Too %s parameters specified to define vertex",
(numwords < V_NUM_PARAMS) ? "few" : “many");
p_error(error_msg,line);

:

:
:

* In/Out: var - variable to which a value is to be
assigned
B L S 1 L L L T LT e Ehh kA k *rkkk )
#if defined(__STDC__) || defined(ANSI) /* ANSI */
int get_boolean_var(int *var, char *var_name, char *true_string,
char *false_string, char *word[], int numwords, char *line}
#else
int get_boolean var{var, var_name, true_string, false string, word, numwords,
line)
int *var;

char *var_name;

char *true_string;
char *false_string;
char “*word[];

int numwords;
char *line;

#endif

char error_msg[MAX ERROR_MSGI;

if (!strcmp(word[CONST_NAME POS],var_name)) {
if (numwords == CONST_NUM PARAMS) {

if (!stremp{word[CONST_VALUE_POS],true_string))
*var = TRUE;

else if (!stremp (word[CONST_VALUE POS], false string))
*var = FALSE; - - -

else |{
sprintf(error msy, "$s requires a value of \"%s\" or

\"gs\ ",

var_name, true_string, false_string);
p_error{error_msg,line};

}

return(TRUE) ;
)
return(FALSE) ;

SRR AR XN AR RN N RN PUNCEION: gL LEKE VAL %%k kkd wkw hk ok ok k kA kKA Rk Xk
* Function for assigning values to test variables. Returns TRUE if an
* assignment is made, or FALSE otherwise.

-

* In: var_name - name used for this variable in the input file

* word - array of words given in the input line

* numwords - number of words on the input line

* line ~ line read from the input file

* In/Out: var - variable to which a value is to be assigned
ke ko ko ke ok ko ok Rk ek ook ok Rk ok ks kkk ok kA KRRk kR kR Rk kR Ak [
#if defined(__STDC__) || defined(ANSI) /* ANSI */

int get_text_var(char **var, char *var_name, char *word[], int numwords,
char *line)

#else

int get_text_var(var, var_name, word, numwords, line}

char **var;

char *var_nane;
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/* Allocate memory for vertex

*/
if {first_vert_E == NULL) { )
first_vert E = (vert_t *) calloc{(size t) 1,sizeof(vert_t});
if (!'first_vert E)
p_error{"Cannot allocate memory (calloc) for vertex",

line);
*current_vert = first_vert E;
} else {
(*current_vert)->next = (vert_t *)
calloc({size_t} 1,sizeof({vert t)};
if (!({*current_vert)->next)
p_error("Cannot allocate memory (calloc) for vertex",
line);
*current_vert = (*current_vert)->next;
}
/* Get vertex name
__________________ */
(*current_vert)->name = {char *) malloc({size_t)

strlen(word[V_NAME POS])+1};
if (!(*current_vert}->name) i
p_error("Cannot allocate memory for vertex name",
line);
strepy({*current_vert) ->nane,word[V_NAME POS});

/* Get the coodinate system

*/
if {{{*current_vert)->csys = find csys {word [V_CSYS_POS]))
== NULL) {
p_error("Undefined coordinate system”,
line);

)

/* Read the vertex position
»

for (i=0; i < 3; i++)
(*current_vert)->x[i] = atof (word[V_X POS+il);

/* Transform vertex position vector to glecbal coords

*/

transform_position_vector (INVERSE_TRANS,
(*current_vert)->csys->origin,
(*currant_vert)->csys—>local_rot,
(*current_vert}->x):

/* Prevent sloppy memory references:

*/

(*current_vert)->next = NULL;

JHwrk Rk kkh kA xkwkkRFHRHkR* Function: get_obj_info dk ko kR ok ok ok kb ek ke

+ Reads object info and sets up new member in linked list of objects.
*

*

In: numwords - number of words on input line .
* word - array of words given in the input line

1€




{

L i i _ _ H : R H i Z Z : L
* line - the input line (*current_obj)->print [DISPL] =
* In/Out: current_obj - the current (last} object in the linked list (*current_obj)->print[STRESS] = FALSE;
ok * ke Kok ko kK Kk ke ko Kk Rk ok kK k ] while (({temp_char = word[OBJ_PRINT OPS_POS][il) "No'y g
#if defined(_ STDC )} || defined(ANSI) /* ANSI */ switch (temp_char) { .
“info(ob case BVECTOR_CHAR:

void get_obj_info(obj_t **current_obj, int numwords, char *word[], char *line)
#else

void get_obj_info{current_obj, numwords, word, line)

obj_t **current_obj;

int numwords;
char “*word[];
char *line;
#endif
{
int iz
char temp_char;

<

'/* Check for proper number of parameters
>/

if (numwords != OBJ_MIN_NUM_PARAMS &&
numwords != OBJ_MIN_NUM_PARAMS+2) {
p_error(
- "Incorrect number of parameters specified to define object™,
line);

)

/* Allocate memory for object
*/

if (first_obj_E == NULL) {
first_obj_E = {obj_t *) calloc{(size_t)
if (1first_obj_ E}
p_er;or("cannot allocate memory (calloc)
line);
*current_obj = first_obj_E;
} else |
{*current_obj}->next = (obj_t *}
calloc((size_t) 1,sizeof(obj_t});
if (!{*current obj)->next)
= e:ro:(:Cannot allocate memory (calloc) for object",
T line);
*current_obj = (*current_obj)->next;

1,sizeof(obj_t}):

for object”,

}

/* Get object name

*/

(*current_obj)->name = {char *) malloc(({size_ t)
strlen(word[OBJ_NAME_POS])+1);

if (!(*current obj)->name)
p_erzo:(“cannot allocate memory for object name”,
line);

(*current_obj)->print [DISPL] = TRUE;
break;

case TRACTION_CHAR:
{*current_okj)->print[STRESS] = TRUE;

break;
default:
p_error("Invalid cbject print option",line);
)
1y

)

/* Get the coordinate system for element positions
*/

if (({*current_obj)->pes_csys =
find_csys (word[OBJ_POS_CSYS_POS])) NULL) {
p_error{"Undefined coordinate system”,line);

)
(*current_obj)->first_elt = NULL;

/* Prevent sloppy memory references:
*/

(*current_obj)->next = NULL;

[HRRE Rk xR XX RN FUNCEION: geE_elf info FAERHERIAXERIAI A kA KA A®

* Reads element info and sets up new member in linked list of elements.
*

* In: numwords - number of words on input line

* word - array of words given in the input line
* line - the input line

* In/Out: current _elt - the current (last) element in the linked list
* current_obj - the object to which curzent_elt belongs

B L L L LR R e s T
#if defined(_ STDC_ ) || defined (ANSI) /* ANSI +/
void get_elt_info(elt_t **current_elt, obj_t *current_obj, int numwords,
char *word[], chax *line)
#else
void get_elt_info(current_elt, current_obj, numwords, word, line)
elt_t **current elt;
obj_t *current_obj;

/* Get the number of vertices
*

/
num_vertices = atoi(word[E_NUM_VERT_POS]};
if (num vertices < 3)
p_error("Element must have at least three vertices",line);

/* Check for proper number of parameters
*/
num_params = E_MIN_NUM_PARAMS+(num vertices-3);
if (numwords != num params) {
sprintf{error_msg,
"Too %s parameters specified to define %d-sided element",
{ (numwords < num_params} ? "few” : "many") ,num_vertices);
p_error({error_msg,line);

}

/* Rllocate memory for this element

*/
if (first_elt E == NULL} {
first_elt_E (elt_t *) malloc(sizecf{elt_t));
if (!first_elt_E)
p_errcr("Cannot allocate memory for element",line);
*current_elt = first elt_E;
} else { -
(*current_elt)->next = (elt_t *) malloc{sizeof(elt t)};
if (!(*current_elt)->next)
p_error("Cannot allocate memory for element",line);
*current_elt = (*current_elt)->next;

? H

H

(*current_elt)—>disloc__seg[i] vert[0] =
(*current_elt)->disloc_seg({i-1].vert([1]);
} else {
if (((*current_elt)->disloc_seg(i].vert{0] =
find_vert (word[E_VERTEX_POS+i})) == NULL) {
p_error("Undefined vertex",line);

1

}

if {( 1*curzent_elt)—>disloc_seg[i] ~vert{l] =
find_vert (word[E_VERTEX_POS+j])) == NULL) {
p_error("Undefined vertex",line);

}

/* Inititalize rotation matrices

*/
initialize _matrix(rot2,0.0);
initialize matrix(rotl,0.0);

initialize_vector({*current_elt)->elt_csys.origin,0.0);

/* Loop over the dislocation segments

*/
disloc_seg = (*current_elt)->disloc_seq;
for (seg = 0; seg < (*current_elt}->num_vertices; seg++) |

/* Calculate this dislocation segment's first vertex's contribution
to the element center

*/

strcpy( (*current_obj)->name,word{V_NAME_POS]); int numwoxds ;
char *wordfl;
if (numwords > OBJ_MIN NUM_PARAMS) { char *line;
#endif
/* Get the print options
-/ {
i=20; int num_vertices;
| ; / li / / / ;
o - + T T r T h 7 3 1 ! ¥
S ' :

int num_params; /* Set object pointers to first and last elements
int i, 3; */
char error_msg[MAX_ERROR MSG]: if (first_obj_E == NULL)
vert_t *vertl; p_error ("No objects defined. Element must be part of an
vert_t *vert2; object”,line);
double dx[3]; if (current_obj->first_elt NULL}
double trend; current_obj->first_elt *current_elt;
double plunge; current_obj->last_elt = *current_elt;
double rot2{3][31;
double rotl[3]1{3]; /* Set the number of vertices
double trac_bc_adjust(3]; */
int seg; (*current_elt)->num vertices = num vertices;
vert_t *vert[3];
double vert_x[3]; /* Allocate memory for dislocatiog segment array
double vector1[3]; - */
double vector2(3]; (*current_elt)->disloc_seg = (disloc_seg_t *)
double normal_vector[3]; calloc{(size t) num_vertices, sizeof(disloc _seg t));
double x[3113]; if (!{*current_elt)->disloc_seg)
double global x[3)(3]: p_error("Cannot allocate memory for dislocation segment array",
disloc_seg_t *disloc_seg; line);
static char *elt_csys_name;

/* Get dislocation segment vertices ¥

*/

/* Increment num elts E for (i = 0; i < num_vertices; i++) [
——————————————————————— */ j i (num_vertices-1)} ? 0 i+1;
num_elts_E++; - {

e



s

for (i=0; i < 3; i++) {
(*current_elc]—>elt_csys.czigin[i] +=

disloc_seg(seg].vert{0]->x[1] / {*current_elt)-

>num_vertices;

S

i
:

1

/* Determine the two vertices for this dislocation segment

*/
vertl =
vert2 =

disloc_seglseg] .vert[0]:
dislec_seglseg] .vert[1l];

/* calculate trend and plunge of this dislecation segment

*/

subtract vectors{vert2->x,vertl->x,dx):

trend = P1/2.0 - safe_atan2{dx{1],dx (o1 :

disloc_seg[seg] .trend = trend;

plunge = —safe_atan(dx[ZJtSqrt(dx[O] *dx[0] + dx[1]*dx[11));
disloc_seglseg].plunge = plunge;

/* calculate the segment-local {Comninou & Dundurs) to
coordinates rotation matrix

global

*/
rot2[0][0] =
rot2([1][1] =
rotl{0} (0] =

1.0;

rot2{2}[2] = -1.0;

rotl[1]1[1] = sin{trend);

rot1[1]1[0} = -{rotl[01(1] = cos (trend));
rotl[2]([2) = 1.0;

matrix_mult(rot2, rotl,disloc_seglseg] .local_rot);

} /*fox*/

/* Compute element's local coordinate system

— */

if (elt_csys_name NULL) |
elt_csys_name (char *} malloc{(size_t) strlen (ELT_CSYS_NAME)+1)7
if {lelt_csys_name) ;

p_error("Cannot allocate memory for elt-local coord sys name",
NULL) ;

strcpy (elt_csys_name, ELT_CSYS_NAME) ;

(*current_elt)->elt_csys.name'= elt_csys_name;

for (i=0; i < 3; i++) |
for (3=0; j < 3; j++) ¢
global x[i][]j] = (i == §) ? 1.0 : 0.0;
)
}
for (i=0; i < 3; i++) |
vert[i] = disloc_seg{ (i*(*current_elt)—>num_ve:tices)/3] .vert[0];

subtract_vectors(vert [1]->x,vert[0]->x,vectorl);
subtract_vectors(vert [2]->x,vert[0]->x, vector2);
normalize_vector(vectorl);
normalize_vector(vector2);

cross_product (vectorl,vector2,x[2]);
if (vector_magnitude(x[2]) < TINY_ANGLE)

S

R INNN—

p_error(

wCannot calc element normal. Elt must have a very odd shape.",

line);

normalize_vector(x{2}]);
cross_product (global_x[2],x(2] L2110
if (vector_magnitude {x[1]) < TINY_ANGLE)

copy_vector (global_x[1]1,x[11);
normalize_vector(x[1]}:
cross_product (x[1],x[2],x10])
normalize_vector(x[0]};

for (i=0; i < 3; i++) {
for (3=0; j < 3; j++) {
(*current_elt)—>elt_csys.local_rot[i] 31 =
dot_product (x[i],global_x[jl);
}
)

/* Check that all vertices are co-planar
-

/
for (seg=0; seg < num vertices; seg++} {

copy_vector( (*cﬁrrent_elt) ->dislec_seg[seg).vert [0l —>x,ve?t_x) H

transform_position_vector(FORWARD_TRANS,
{*current elt)->elt_csys. origin,
(*current_elt)->elt_csys.local rot,vert x);
if (fabs(vert_x[2]) >

fabs (sqrt (vert_x[0]*vert_x[0]+vert x[l] *vert_x[1])/COPLANAR LIMIT))

p_error("Vertices are not co-planar”,line);

}

/* Get the bc coodinate system
*

if (!strcmp{word[E_BC_CSYS_POS],ELT_CSYS_NAME)) {
{*current_elt)->bc_csys = &I {¥current_elt)->elt_csys);
} else if ({(*current_elt)->bc_csys =
find esys (word{E_BC_CSYS_POS])) == NULL) {
P, error ("Undefined coordinate system", line):

}
/* Read the boundary condition types
*/
for (i=0; i < 3; i++) {
if (word[E BC TYPE_POS][i] == BVECTOR_CHAR)
(*cuzrent elt)->bc_typel[i] = BVECTOR BC;
else if (word[E BC_TYPE_POS][il == TRACTION_CHAR)
(*current_elt)->bc_typeli] = TRACTION_BC;
else { :
p_error("Invalid boundary condition type",
- line);
}
)

/* Calculate adjustment to traction BCs due to remote stresses

scalar_vector_mult(-1.0,x[2], normal_vector):
cauchy{rem_stress_E,normal_vector, trac_bc_adjust):
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rotate_vector {FORWARD_ROT, (*current_elt)->bc_csys->local_rot,

trac_bc_adjust);

/* Read the boundary condition values
*/
for (i=0; i < 3; i++) |
(*current_elt)->beli] = atof (word[E_BC_POS+i]);
/* Adjust traction BC components for remote stress
*/
if {(*current_elt)->bc_type[i] == TRACTION_BC}
(*current_elt)->bc[i] -= trac_bc_adjust(i};
}
/*

Calculate the projection of each unit component of the element
burgers vector into a segment-local coordinates burgers vector
(for calculating influence coefficients)

for {seg = 0; seg < (*current_elt)->num vertices; seg+t) {

}
I

*/
for (i=0; i < 3; i++) |
initialize_vector(disloc_seglsegl.elt_b(i],0.0):
disloc_seg[seg].elt b[i] (i} = -1.0;
rotate_vector (INVERSE_ROT,
(*current_elt)->bc_csys->local_rot,
dislec_seg[seg].elt _b[i])):
rotate_vector {FORWARD_ROT,disloc_seg(seg].local_rot,
dislec_seg[seg].elt_b([il):
}

Prevent sloppy memory references:
*

{(*current_elt)->next =

/
NULL;

[ Rk R ARk ko hk kAR A kkkk 4 PURCEION: OPEn Lemp Files **kkdxkwkkwk sk hokkhk ko ko
* Opens the temporary output files for displacement, strain, principal strain,

* stress,
*

*

s

and principal stress data.

* In: print - array of flags giving the data to be printed (determines

which temp files need to be opened)
*

#if defined(_ STDC_ )

{| defined(ANSI} /* ANSI */

void open_temp_files({int print[]}

#else

void open_temp_files(print)

int
#endif

int

print(];

i:

/* Open temporary files

for

(i=0; i < NUM_PR_OPTS; i++) {
tempfp_E[i] = NULL;

if {print(i]) {
1f ((tempfp E[i] = tmpfile(}} == NULL} {
p_error{"Cannot open temporary file",NULL);
} o /riEx/
VALl

[ A e R Rk ok kkk ko hk Rk kkk* FUNCEION: ClOSe Lemp files #*k%kdidickiddh ok kioh ik ok k
* Closes the temporary output files for displacement, strain, principal strain,

* stress, and principal stress data. -
B e L

PO
#1f defined(__STDC_ ) || defined(ANSI) /* ANSI */
void close_temp_files(void)

#else
void close_temp_files ()
#endif
i
{
int i;
/* Close temporary files
Sy
for (i=0; i < NUM_PR_OPTS; i++) {
if (tempfp_E[i] != NULL) {
if (fclose(tempfp E[i]) == EOF) {
p_error{"Error closing temporary file",NULL);
VIR
tempfp E[i] = NULL;
) /*LEx/

*hEx ]

J ARk x o wkdrkox ko kk kot FUNCELON? COPY LOMp_Files #%# %k kusd ik kioh sk bk kn bk

* Copues the temporary output files for displacement,
* stress, and principal stress data to the main output file.

strain, principal strain,

ek ok ok ke e e ok ke ks ko ok ok ok ko ok ok ko k kb ek ke ek ek

#if defined(_ STDC__) (| defined(ANSI)

/* BNSI */
void copy_temp_files (void)

#else
void copy_temp_files()
#endif
{
int i;
FILE *tfp;
int CH
/* Rewind temp files and copy to main output file
*/
i < NUM_PR_OPTS; i++) |
if ((tfp = tempfp E[i]) != NULL) {

:
:
H
;
H
H

F R ———

<e



rewind{tfp);
while {(c = fgetc(tfp)} != EOF)
fputc(c,ofp_E);

/ Function: print_elt geometry ek kk ok ok ek ok
* Loops over all objects, printing the geometry of each element (name &
* coordinates of each vertex) to the output file.

fprintf (ofp_E,"\n");

if (current_elt == cuzrenc_obj—>first_elt) {
elt_num = 1;
fprintf(ofp E,"OBJECT: $s\n\n",current_cbj->name);
fprintf (ofp_E,ELT_GEOM_LA.BELS) ;
fprintf (ofp_E,ELT_GEOM UNDLNS);
)

for {i=0; i < current elt->num_vertices; i++) (

JEHAEE R H ISRk h koA R AR Sk d* Function: get_program args *Arwkkkkkkikikkdkikdkkkkak
* Prompts the user for input and output file names. Only used if the
* symbolic constant FPROMPT is defined at compile time.

#ifdef FPROMPT . !
#if defined(__STDC__) || defined(ANSI) /* ANSI */
void get_program_args (void)
$else
void get program args()
#endif
{
int numwords;

char *word[MAXWORDS];
char line[MAXLINE];

/* Get the input file name

*/
printf{"\n INPUT FILE: ");
numwords = read_line{line,word};
switch (numwords) {
case 0:
printf( "
break:
case 1:
if (strlen(word[0]) > MAXFILE-1} {
p_error("File name too long",NULL);

(Using default value)\n");

}
strepy({infile E,word[0]);
break;
default:
p_error{"Invalid file name",NULL);
}

/* Get the output file name

printf ("OUTPUT FILE: ");
numwords = read line(line,word);
switch (numwords) {
case 0:
printf({ °
break;

(Using default value)\n"):;

(pwplete  tode and
Wﬁ/{ /Mmrbu

Can ke ofamed  foom

\/\fﬁu-’ /Pamgea. sﬁnﬁrd. eob/aj(;muh/

&wae / Sdﬁ(dare. hiw,

/ copy_vector (current_elt->disloc_seg [i).vert{0)->x,x);
#if defipeql(_STDC_) )| defined{ANSI) /* ANSI */ transfom_position_vectox:(FORWARD_TRANS,
void print_elt_geometry(veid) elt_geom_csys->origin, elt_geom csys—>local_rot, %)
#else if (i == 0)
void print_elt_geometry() copy_vector (x, first' vert x);
fendif fprintf(ofp_E,ELT GEOM_FMT,elt_num,
{ current_elt->disloc_seg [i].vert[0]~
csys_t *elt_geom_csys; A% >name, x[0],x[1],x[2]};
obj_t *current_obj; }
‘elt_t *current elt; fprintf (ofp_E,ELT_GEOM_FMT,elt num,
int elt_num; cuzrent_elt—>disloc_seg[0] .vert[0]->name, first_vert_x[0],
int i: first_vert_x[1],first_vert x[2}}; -
double x[3];
double first_vert_x[3]: if (current_elt == current_obj->last_elt)
current_obj = current_obj->next;
/* Get element geometry coordinate system
s * elt numt+;
if (elt_geom csys_name E NULL) { current_elt = current_elt->next;
if ((elt_geom csys find_csys (GLOBAL_NAME) ) == NULL) { }
p_error( }
wcannot find default coordinate system for
elt_geom csys", .
NULL) ; JA*khkk kR hdw R HH ke *2x4% Function: array_max_norm
} + Returns the maximum matrix norm (L-infinity norm) of the matrix a.
} else { + Adapted from a similar function by Ken C. Cruikshank.
if ((elt_geom csys = find csys (elt_geom_csys_name_E)) *
== NULL) * In: a . - the matrix for which the norm is to be found
p_error("Coord sys given for elt_geom_csys was never defined", * start_row - index of the matrix’s start row
NULL} 7 * end_row - index of the matrix's end row
} * start_col - index of the matrix's start column
) * end_col - index of the matrix's end column
/
/* Print titles #1f defined(__STDC_) || defined(ANSI) /* BNSI */
- */ . double array max_norm{double **a, int start_row, int end_row, int start_col,
fprintf{ofp_E,"\n\ \n'") int end_col)
i #else .
fprintf(ofp_E, "ELEMENT GECMETRY (Organized by object)\n"); double array_max_norm(a, start_row, end_row, start_col, end_col}
fprintf (ofp_E, "COORD SY5: %$s\n",elt_geom csys->name); double *¥a;
fprintf{ofp_E, int start_row;
n"); int end_row;
int start_col;
/* Loop over elements int end_col;
——————————— ———/ #endif
current_obj first_obj_E:
current_elt = first elt E; {
while {current_elt != NULL) { int i,j:
H 7 % H 5 1 3
T T T T T A N A N N A A N
: : H H : H H : :
i 1 } | ] 1 ! 1 | i {
! i | | i |
P P P o
L [ o
: f 1
/ | / ;
% | |
! :
] : !
§§§z;%%:;§§;%
| R R A .
§ | % 7 iz H i ! 1
§ I [ T T S R R
I S N R N N NS S T
double norm; case 1:
double row_sum; if (strlen(word[0]}) > MAXFILE-1} {
norm = 0.0; ) p_error ("File name too long",NULL);
for (i:;wsz‘au:nt:r:w,n.l <= end_row; i++} | strepy(outfile E,word[0]):
_sum = 0.0; break; -
for (j = start_col; j <= end_col; j++} { default: !
) row_sum += fabs{af{i][]]): p_errox("Invalid file name",NULL);
. norm = MAX (norm, row_sum) ; g)zrintf ("\n");
)
return (norm) ; #endif

LS
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Information potentially subject to copyright protection was redacted from pages 38
and 39 of this scientific notebook. The redacted material is from the reference listed
below (p. 39).
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relative magnitude and orientation
of maximum principal (tensile)
stress at the free surface.

model setup -- two equi-dimentional,
planar, semi-circular faults; surface-
breaking; elastic half-space,
isotropic lithostatic load,

remote horizontal stresses applled

as shown. D
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Date: Tue, 10 Aug 1999 13:05:43 -0400 (EDT)
From: Crider Juliet <jcrider@brynmawr.edu>
To: Bill Dunne <wdunne@utk.edu>

Cc: dferrill@swri.edu

Subject: preliminary trials

Bill, David --

To get us warmed up, I've run a few models of simple, overlapping faults
with a variety of remote ("tectonic") boundary conditions.

The results can be viewed at:
http://www.brynmawr.edu/Acads/Geo/crider/temp/fordf/triall.jpg

For the models, I embedded two equi-dimensional, semi-circular faults in an
elastic half-space. The faults break the surface, strike N and dip 60 W.
They overlap 50% of their surface trace-lengths and are spaced,
perpendicular to strike, 25% of their trace lengths. The faults are
frictionless and are subject to an isotropic lithostatic load (rho*g*z).
The model configuration is similar to that shown in Crider & Pollard, JGR
1998, figs 5 and 6. (Have I sent you both a copy of that yet?)

I ran three models with different tectonic stresses:

1) remote E-W tension, magnitude 10 (units not important)
2) E-W tension =10 and N-S compression = 5

3) E-W tension = 10 and N-S tension = 5

This is shown schematically in the figure.

I have plotted the magnitude and orientation of sigma~1 (max principal
stress ({(tension positive)) at the free-surface of the half-space. Note
the near-tip stress concentration at the lateral tips of the faults
(yellow & red). Blue & purple illustrate a stress shadow flanking the
faults, due principally to near-surface fissuring that these boundary
conditions permit.

Tics show orientation of sig-1 -- so mode I fractures will open
perpendicular to the tics. These plots are interesting for their
illustration of the "swing" in stress direction in the relay zone between
the faults. The amount of deviation from the background E-W direction
depends on the relative magnitudes of the remote stresses. Case '3 shows
the most swing; case 2 shows the least.

These results will also vary somewhat with depth in the model.

Your challenge, then, is to decide what are the relative magnitudes and
sign of the tectonic stresses -- and at what depth the Live Yucca
fractures were produced.

cheers, G

~-- Juliet

Date: Tue, 10 Aug 1999 18:04:39 -0400 (EDT)
From: Crider Juliet <jcrider@brynmawr.edu>
To: Bill Dunne <wdunne@utk.edu>
Subject: Re: preliminary trials

-~

Hi Bill --

Faglt geqmetry and configuration will also influence the local stress
orientations -- for these trials, I picked simple, round numbers, just so
you could see the influence of the remote stresses —- these are ;ot meant
to be necessarily representative of Yucca Mt. I'll begin to build some
models with more representative geometries next.

cheers,

-- Juliet

Assistant Professor

Department of Geology ph: 610/526-5113

Bryn Mawr College fax: 610/526-5086

101 North Merion Avenue e-m: jcrider@brynmawr.edu

Bryn Mawr, PA 19010-2899 web: www.brynmawr.edu/Acads/Geéo/crider
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Date: Wed, 11 Aug 99 12:09:51 %0600
From: David Ferrill <dferrill@swri.edu>
To: jcrider@brynmawr.edu, wdunne@utk.edu
Subject: Re:preliminary trials

[ The following text is in the "IS0-8859-1" character set. I
[ Your display is set for the "US-ASCII" character set. |
[ Some characters may be displayed incorrectly. ]

Greetings Juliet and Bill,

Thanks for your messages.

I just got back Sunday from a week in England and am
trying to get caught up. :

! I've asked Debbie to plot the Live Yucca Ridge fracture and pavement map, and
il also copies of the rose diagrams to send to both of you. I'll Fedex those to

B you when they are ready.

i Your preliminary results look interesting Juliet. From what we know about the
4

o present day and Miocene stress fields, my guess is that your first or second
o

models come closer to reality for the area, than does the third. In general, we
have concluded that sigma 3 is the "odd axis™ in the present day stress field,
meaning that sigma two has a magnitude that is closer to sigma 1 than sigma 3.
This is constrained by earthquake focal mechanisms. The same relative
magnitudes would explain the pattern of Miocene faults at Yucca Mountain that
includes both N-S trending normal faults and NW-SE trending right lateral strike
slip faults (Morris, Ferrill, and Henderson 1996

For simple models, we could assume magnitudes like those measured and estimated
for the present day stress field. We provide effective stresses for a depth of
1km in our recent GSA Today paper (Ferrill et al. 1999, page 5) based on
borehole investigations of Stock et al. (1985). I'm not sure how the stress
information is actually input in your models. We provided a compatible estimate
for a depth of 5 km in a 1996 paper in Geology (Morris et al. 1996). A
reasonable orientation assumption for the Miocene stress field during tuff
deposition would be sigma 1 = vertical, sigma two = N-S, sigma 3 = E-W.

Although not a concern for cooling joint formation, I'd also be interested in
seeing models run with the modern stress orientations {sigma 3 = WNW-ESE, sigma
2 = NNE-SSW; as described in Ferrill et al. 1999) for consideration of tectonic
joint formation.

We'll have to talk about overlap distance, offset distance, and fault shape at
depth in a bit more detail. Please let me know what else you need in the way of
stress information.

David

Refs:

Ferrill, D.A., Winterle, J., Wittmeyer, G., Sims, D., Colton, S., Armstrong, A.,
and Morris, A.P. 1999. Stressed rock strains groundwater at Yucca Mountain,
Nevada. GSA Today v. 9, no. 5, 1-8.

Morris, A.P., Ferrill,
and fault reactivation.

D.A., and Henderson, D.B. Slip tendency analysis

Geology 24, 275-278.

1996.

B i o I e S s

David A. Ferrill

CNWRA - Southwest Research Institute
6220 Culebra Rd.
San Antonio, Texas
Tel: 210 522-6082
Fax: 210 522-5155
. dferrill@swri.edu
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TN Date: Tue, 17 Aug 1999 11;35:10 ~0400 (EDT)

From: Crider Juliet <jcrider@brynmawr.edu>

brieded  E-W W 'S orced=d
N-S. =

oo To: Bill Dunne <wdunne@utk.edu>
T Qsbe e fotot gl«e o8 Az [ an— L:::W e
) PC"U)\‘C(‘/ [L)L-L(d WL /ﬂﬂﬂ) <g Uy/ag/ W 217 —‘z___.,—-————'*—*‘“‘m Bill, David --'
/@.d({ﬂg(g “té\ L‘H/{L L(b/{‘f'l[ZM . MIS Yas S&'L /‘/\%\ry‘z —_—

Got the maps (very nice!) & reprints -- and I am working~up a simple model
that is- somewhat closer to the actual fault geometry. We can increase the
[~ 3_ Z

h/c\ll(,y(- o ./LS (L(rA{/L ) PAd Q‘ﬁbrMﬁ (}/M /@ | something of interest. ‘

On’ question you will need to consider is how representative is the

d . 1 fracture pattern at LYR of the rest of the region. Because the data nmmamm——————
ool Ry Qawd A2 7 pa Y1 ﬂ,’zmw(( 7o ﬁ .

sample is localized, a reviewer might wonder if those fractures are |

influenced by some of the smaller (but closer) faults not included in this |
./mwl—l,% e 4 g.pr/MJJ //u/z/*(s - .7 234 analysis. e

If the pattern is consistent with fracture orientations around !

II I’mm ) i the entire Facility, the influence of the larger faults may be
s . Ve ?, 8 Y4 /6 (o : ' demonstrated.

) [4 ) !

jmﬂ Upz Y0 ba/m? b i Ser 20 Mﬁ, et L b g

-—- Juliet

N e 4 /J% 7//7(%‘/

mm Assistant Professor
| !z |
L

Department of Geology ph: 610/526-5113
N M Bryn Mawr College fax: 610/526-5086
me JAP&‘ML&S—__Q"& %ﬂlc /ts 101 North Merion Avenue e-m: jcrider@brynmawr.edu
J'r————————‘—‘ : Bryn Mawr, PA 19010-2899 :

web: www.brynmawr.edu/Acads/Geo/crider
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complexity of the fault geometry if the results from simpler models yield
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Date: Tue, 17 Aug 1999 12:13:33 -0400

From: Bill Dunne <wdunne@utk.edu>

To: Crider Juliet <jcrider@brynmawr.edu>, dferrill@swri.edu
Cc: wdunne@utk.edu

Subject: Re: Fed Ex package

Greetings Juliet, .
The answer to your question is lurking in one of the earlier emails that
you may not have had a chance to get to yet (I suspect that your life is
busy!). Your question:

>0On question you will need to consider is how representative is the
>fracture pattern at LYR of the rest of the region. Because the data
>sample is localized, a reviewer might wonder if those fractures are
>influenced by some of the smaller (but closer) faults not included in this
>analysis. If the pattern is consistent with fracture orientations around
>the entire Facility, the influence of the larger faults may be
>demonstrated.

>

The answer is shown below. In short, the pattern at LYR is representative
of a region 3km (EW) by Skm (NS) based on station sampling of surface joint
data in the region. David and I have not systematically confirmed this
spatial distribution, but in our visits to some of the sample sites and
other related fracture exposures, we have found the orientation component
and swarming components of the fracture pattern to replicate (so
essentially annecdotal support at this stage in agreement with limited
previous work.). 2Also, the subsurface data are from an older unit and the
sample line is about 6 km long with essentially a right-angle turn at about
2 to 2.5 km from EW to NS, so again the orientation and swarm
characteristics of the pattern have ariel spread (GOOD NEWS!!).

The target region for similarity of trends of the two sets of cooling
joints in the Tiva Canyon is based on an interpretative map by Throckmorton
& Verbeek (Fig. 11, Joint Networks in the Tiva Canyon and Topopah Spring
Tuffs of the Paintbrush Group, Southwestern Nevada, 1995, USGS Open-File

Report 95-2). The map contains a bounded region in which they believe that
the orientations of the two cooling joint sets are essentially constant. I
(and David!!) have not independently confirmed the consistency of

orientation across or beyond this region, but we will take it as a given.

I pulled out Day et al.'s (1998) 1:6000 map, expecting to be able to use
grid info on the edges of the map to give you four corner points of what
can be treated as a four-sided polygon. Foolish me! At least my color
version of the map (an original) only has grid info on the west side in
2500 foot intervals and NOTHING on the two edges top and bottom. So, what
follows is messy for polygon (quadrilateral) corners!

NW corner - NW corner oleargest crop of Tcrn4 (very pale yellow) on Tonsil
Ridge )

NE corner - E corner of large crop of Tcrn4 (very pale yellow) on Isolation
Ridge at a NS normal fault

SE corner - SE edge of Tcr2 {medium pink) at very SE end of Antler Ridge

SW corner - Tcpll (rich medium brown) on west side of Yucca Ridge opposite

axis of Broken Limb Ridge on east side of Yucca Ridge
-

This polygon is inside the one interpreted by Throckmorton and Verbeek. It
is approximately 3 km long EW by 5km long NS (that gives you an aspect
ratio). Its eastern edge represents a minimum width because there is no
data further to the east for 500 to 1000 meters. The polygon lies entirely
between the Solitario Cdnyon Fault and the Bow Ridge Fault, but gets close
to both. It virtually contains the Ghost Dance Fault and its northern half
is cut by the NW-SE trending Drill Hole Wash Fault.

Assuming the polygon to represent the cooling joint domain of interest (our
sample of 100 x 300 m is from the middle EW at about 40% up from S edge -
maps that are being sent to you by David), then I would recommend using the
Solotario and Bow Ridge (unless David buys into a fault further to the east
of the Bow Ridge) as the "control faults".

Debbie's compilation of cooling joint swarms from the ESF, where the
underlying Topopah Spring Tuff is sampled, shows the same joint trends for
the cooling joints from within the same domain. Consistency of fault
behavior through time? The more E-W trending joints in this unit are
apparently mostly tectonic (this high intensity joint orientation mode (I
am still not sure that they are all of one origin) is the one that DOE did
not predict in the subsurface and is giving them some kittens from an
engineering point of view with issues such as roof fall). For the time
being you don't have to worry about them, but don't be surprised if David
comes back asking for their consideration at a later date!

bill
hhkhkhkhkhkhkdhhkkkhhhkkhhkhhhhxhhkkhhhrd
William M. Dunne

Professor and Head

Department of Geological Sciences
306 G & G Building

University of Tennessee
Knoxville, TN 37996-1410

phone: 423-974-5498

fax: 423-974-2368

email: wdunne@utk.edu
departmental webpage: geoweb.gg.utk.edu
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<j:) Date: Fri, 10 Dec 1999 17:15:04 -0500

From: Bill Dunne <wdunne@utk.edu> FT— )

To: dferrill@swri.edu, Crider Juliet <jcrider@brynmawr.edu>

Cc: wdunne@utk.edu L‘“’““‘"“"‘“--_T—"'ﬂﬂ“~*~'”~”_‘—~— ———————
Subject: Tip-line positions, fault subsurface shapes, ] .
and displacement distribut%ons for Three Normal Faults “““"*"*““*-—«._’——""'“‘mnu“““u-_u

Greetings David, -«-—»——--....__\r/"""—'*— Date: Fri, 17 Dec 99 19:25:40 -0600

] From: David Ferrill <dferril@swri.edu>
Juliet is here and we are talking about the configuration for the faults in _———_—_wuwu,_.‘_u_.* Tor duameCuty ods. 3 eriansGhermmanr odu
o7 nuneriesl nedels. T Subject: Re:Tip-line positionss fault subsurface shapes, and displace —

The first major concern is the location of the tip points for the Solitario “"“"”""'"‘"“‘“--,r‘—‘—’*“*“““wwumw-*“ [ The following text is in the "IS0-8859-1" character set. ]
Canyon, Bow Ridge, 3

and Paintbrush Canyon faults, because the perturbations . ‘

[ Your display is set for the "US-ASCII" character set. ]
in the region stress field are very much controlled in space by the h»nmmwﬂ-ﬂw-u«—-—_‘-.\r——_————d—”‘———mmmﬂ__ | Some chamsorere nay be displayed ineorrestin )
positions of the tip points. So, questions:

e —————
|

\r__-—__~——*“*““““““_“‘ Bill and Juliet, .
Solitario Canyon - Your map from the Fed-Ex package of late last summer 1

shows a location for the northern tip of this fault that is 2+ km to the

s [..text omitted..]
south of the tip position mapped by both Simonds et al. and Frizzell & o ——— .}

Shulters. Which is correct and why? -

I am sorry that I haven't had a chance to calllyou on the phone to talk this

I ““‘———s'_—_——‘_‘~_~'—““--“ through. Here are some responses to your queries: ~
Bow Ridge - Simonds has a shorter Bow Ridge fault with a more southerly ‘
position for the northern tip point by over 2 km with respect to the tip e 1. Solitario Canyon - Check out the Day et al. 1998 1:24009 geologlc.map of
point selected by Frizzell & Shulters. Which is more likely and why? rm”"”"'""'""“-‘4 Yucca Mountain. I put the tip of the west dipping Solitario Canyon in the promss———————

S — position you describe because the displacement goes to zero, and the northward

Paintbrush Canyon - does its southern end stop near the end of Fran Ridge l — continuation of the structural trend (which is mapped on some maps as a ————
or does it go all the way through Busted Butte as shown by Simonds et al.? J ' N continuous line) is an east dipping fault. I believe they are tw9 separate
AR KA KRk kA IR R h AR IR R ARk d ok kA ke hk ok ke Aok ok ke . [ et faults as mapped by Day et al. 19998 (1:24K map), rather than a single )
The second major concern is the subsurface fault shapes - J propeller-blade shaped fault surface. P —
Juliet knows that you are going to say that the Solitario Canyon and
Paintbrush Canyon faults are listric.and sole into a detachment at 6-8 km | I

Bow Ridge and Paintbrush - Again, I would suggest going with the recent mapping N
depth. Tt is simpler to model rectangles or a 1/2 ellipse, but such ' by Day et al. It is considerably more detailed that the other maps you are
isolated shapes would change displacement distributions from reality into looking at. It generally shows the faults as being long and well connected.
the subsurface (go to zero at depth rather than transfer to the sole

detachment). So, can the faults stay isolated, or should she build in the

2 and 3. I am fine with not modeling a detachment at depth. gow deep is the
sole fault, which she has not experimented with yet. Juliet opinion is f \ model going to go? Obviously a small model of a laFge fault will not capture [F T —————————
that for this example, where we are considering joint formation with 75 m the tip lines. I suspect that some of the faults tip downward. More
of the ground surface, the exact nature of the fault termination/branches ! importantly, however, I agree that the details of fault sy§tem geometry in the B ——
at 6-8 km depth would have little influence on the surface stress ) | middlé of the brittle crust are unlikely to influence details of Fhe local :
trajectories. So, at some level this may not matter, so it would be nice X stress field in the upper hundred meters of crust. We §hould §tr1ve for a model H
to use the easier isolated faults, BUT if such a simplification would | setup for which we can argue that thé results are not tied to interpretation of !
create too much of an "uproar", she would be willing to try to model in fault system geometry at 5+ km depth.
the sole fault (BUT!!!! Juliet has no idea whether it would work.).

****************************************************

i
[..text omitted..] |

Sincerely,

David
A third major concern is what about the subsurface extent and shape of the
Bow Ridge fault. Does it actually make it to the sole fault? If not, PSSP
would you be comfortable with using a 1/2 ellipse approximation for i David A. Ferrill
subsuzface shape? ‘ CNWRA - Southwest Research Institute
‘k***************************************************** 6220 Culebra Rd‘

San Antonio, Texas 78238-5166
EEEE RS R R R R L R R R R R B R uprigea g Tel: 210 522_6082
William M. Dunne o . Fax: 210 522-5155
Professor and Head e-mail: dferrill@swri.edu
Department of Geological Sciences : S
306 G & G Building
University of Tennessee - Y
Knoxville, TN 37996-1410 . i

phone: 865-974-5498

fax: 865-974-2368

email: wdunneQutk.edu

departmental webpage: geoweb.gg.utk.edu
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Date: Mon, 20 Dec 1999 14:05:21 -0500

From: Bill Dunne <wdunne@utk.edu>

To: Crider Juliet <jcrider@brynmawr.edu>
Cc: wdunne@utk.edu

Subject: David news and the fault tip stuff

Greetings Juliet,

[.text omitted..]

I took David's recommendation and pulled out the Day et al.'s 1:24,000 map,
which is available as a pdf download at:

http://greenwood.cr.usgs.gov/maps/covers/i—2627/i2627.html

Here are the recommendations from that:

1) Solitario Canyon Fault - David's pick for the endpoint is good. As he

says, to the north is a normal fault that dips east rather than west like
the Solitario Canyon Fault.

2) Paintbrush Canyon Fault - The southern end goes off the Day et al. map
so it does go all the way through Busted Butte and ends to the south of
there as shown on the Simonds et al. map. So, you can pick that

termination off of the one page "shaded relief" map with fault traces that
David set you.

3) Bow Ridge Fault - well there is news and bad news! The news is that
the northern tip of the Bow Ridge is between the ends of the red line and
the blue line on David's one page map. It is just to the east of the
southern tip of Isolation ridge (a named topographic feature in the PDF
version of the map). The bad news (I think) from the modelling point of
view is that Day et al. show the Bow Ridge curving sharply SE and almost
linking to the Paintbrush Canyon at the southern end of the Bow Ridge,
which is to the west of the southern end of Fran Ridge (another named
topographic feature in the PDF version). S0, a 1/2 ellipse approximation
for the Bow Ridge may be interesting....
So, please download the PDF (about 10 MB), and see what you think.
mount a page on a website for us both to see your idealized surface
for the model with respect to David's one pPage map again. Thanks.
bill

********************************

William M. Dunne

Professor and Head

Department of Geological Sciences

306 G & G Building
University of Tennessee
Knoxville, TN 37996-1410
phone: 865-974-5498

fax: 865-974-2368

email: wdunne@utk.edu
departmental webpage: geoweb.gg.utk.edu

Can you
traces

o
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Date: Tue, 4 Jan 2000 13:28:28 -0500 (EST)
From: Crider Juliet <jcrider@brynmawr.edu>
To: Bill Dunne <wdunne@utk.edu>

Cc: dferrill@swri.edu -
Subject: model fault traces

| - [..text omitted..]
s | ‘
\ S Bill, David --

“m_mﬁmh—“*m_—_‘-w Happy New Year to you both.
WW . . d )

) Revised fault traces for modeling may be viewed at:

http://www.brynmawr.edu/Acads/Geo/crider/temp/fordf/new_traces.JPG c{
e SIS
. . M e
) ] Modeled Solitario CF is 16 km long, strikes 180, dips 60 (right har.Ad / {a) .M‘
I rule), and will be modeled as a-semi—gliipse with a maxXimum down-dip ‘}S‘
dimension of 6 km. N{&LTQ

Modeled Paintbrusch CF is 19 km long (northern tip is arbitréry, put cen / . " ;%;@
unchanged from first model config), 180/60 and will be a smng;N wit! ﬂé ,
max down dip of 6 km. —— Fa L2178

i i 6 km tall. The
Modeled Bow Rideg fault is 6 km, 190/60 and also
190-strike matches the fault maps better than due S, and shouldlln?roduce
and interesting (minor) oblique component across the fault. This is
easily altered if it does not jive with the geology.

If all goes well, next results in a few days.
cheers,

-- Juliet

Juliet G. Crider
Assistant Professor

Department of Geology ph: 610/526-5113

Bryn Mawr College fax: 610/526-5086

101 North Merion Avenue e-m: jcrider@brynmawr.edu .
Bryn Mawr, PA 19010-2899 web: www.brynmawr.edu/Acads/Geo/crider
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Example fault mesh. The fault is meshed in 500 m x 500 m elements. Principal stresses are
“calculated on a plane at a depth of 100 m, or within the first row of elements. This figure shows
a 16 km x 6 km fault plane (384 elements) used to model the Solitario Canyon Fault.
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Information potentially subject to copyright protection was redacted
from this location. The redacted material (Fig. 6: Two-dimensional
representation of the boundary conditions used to model faults.....)
is from the Crider and Pollard reference listed at the bottom of p. 64
of this scientific notebook.
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Date: Mon, 10 Jan 2000 13:13:35 -0500 (EST)
From: Crider Juliet <jcrider@brynmawr.edu>
To: Bill Dunne <wdunne@utk.edu>

Cc: David Ferrill <dferrill@swri.edu>
Subject: success!

Bill, David --

I am happy to report successful runs for modeling stress trajectories
around Live Yucca Ridge.

You can have a look at the output at:
http://www.brynmawr.edu/Acads/Geo/crider/temp/fordf/

There are two sets of output: "two_faults..." models only the Solitario
and Paintbrush Canyon faults; "three_faults..." models SCF, PCF and the
northern segment of the Bow Ridge faults.

For each trial I have reproduced three views of the data: "_..regional”
gives the big picture; "...zoom" and "...zoom2" show the details near Live

Yucca and the ESF.
KEY:

Cyan {(bright blue) lines show the traces of the three faults. Solid
indicates the faults were used in the model, dashed -- they were not.

Dark blue dashed line is the ESF.

Blue star is the Live Yucca-pavement.

Black tics show the direction of sigma3 (max. tensile principal stress}.
Magenta tics show the direction of sigmal (max compressive principal’
stress). Where the magenta tics disappear or where they appear to be not

perpendicular to the sigma3, sigl is rotating out of the plane of view.

Dotted grid lines in the "...zoom*" figures are the UTM grid (1 km
spacing) .

North is to the top of the screen.

MODEL CONFIGURATION:

I used planar faults with rectangular tip lines (the semiellipses were not
producing reliable results). Aall dip 60-deg west and extend down to a
depth of 6 km. Strike.fnd trace length are as shown.

Fault mesh elements are no greater than 500 m diameter, mostly smaller.

Stress trajectories very near to the faults should be ignored due to
element-boundary perturbations.

The model is driven by a remote, uniaxial, E-W tension of -10 MPa. Thus,
in the results, sigl and sig2 are both zero at the remote boundaries --
and they are very close in value everywhere (thus the flip-flopping of
sigl and sig2 evident from the "disappearance" of the sigl tic marks in
the regional views.) Lithostatic doad has not yet been accounted for -
its principal effect will be to force sigl vertical everywhere -- but at
shallow depths it will remain small relative to sig3 and comparable to
sig2 for the uniaxial case.

Output is given for a horizontal plane at a depth of 100 m.

FIRST PASS ANALYSIS:

There is not a great difference in the Live Yucca region between the two-
and three-fault models —- perhaps somewhat greater rotation of the
principal stresses for the three-fault models. The results predict
NE-striking vertical joints (Hooray!) at an azimuth somewhat less than
045. These predicted orientations fan around through N to NW-striking at
the SW corner of the ESF. (This more southerly region would be influenced
by an active southern segment of the Bow Ridge, not modeled in these
trials).

NEXT?

Now that these things are running, we can tweak them as much as you'd

like. We can play with the remote boundary conditions (adding a N-§
regional sigmal will probably suppress the local stress rotations near Live
Yucca); the rock properties (these models were run with a shear modulus of
30 GPa -- pretty stiff -- reducing this number may increase local stress
rotations); or the fault orientations (increasing the strike azimuth of

the Bow Ridge segment will increase the left-lateral slip component on

this fault and probably influence local stress orientations.)

Each trial runs about 4-5 hours.
cheers,

-- Juliet

Juliet G. Crider
Assistant Professor

Department of Geology ph: 610/526-5113

Bryn Mawr College fax: 610/526-5086
101 North Merion Avenue e-m: jcrider@brynmawr.edu
Bryn Mawr, PA 19010-2899 web: www.brynmawr.edu/Acads/Geo/crider
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Date: Wed, 19 Jan 2000 17:10:49 -0500

From: Bill Dunne <wdunne@utk.edu> »
To: Crider Juliet <jcrider@brynmawr.edu>, dferrill@swri.edu
Cc: wdunne@utk.edu :

Subject: a few things

Greetings Juliet (and David),

I am still waiting to hear from David about fault dips (he is
still covered by a report to JNOC that was due last Friday). But a few
of questions:

What is the maximum magnitude for the displacement distribution that you
are using?

A dumb question (I should know the answer): in the 2 and 3 fault models,
are all faults moving simultaneously, one, none, Or...... ?

Another dumb question: what is the time duration of the stress field
perturbation by fault motion?

What is a reasonable shear modulus for a "normal" weaker material (the
welded tuffs typically undergo a 30 to 50% volume loss during degassing,
so they have much gas to give although it was not all in existence
simultaneously)? I don't think that these rocks are "abnormally" weak,
$0 a really low number is probably not reasonable.

Britt and David are working on an alternative explanation where
differential compaction in 10's of meters across the fall on a horizontal
scale of km's to 10's of km that may have produced a horizontal
stretching. Depocenter is apparently to NW at some unspecified

distance. When I have more idea of the geometry and differential amount
of compaction, I can get a better handle on the model.

I have a simple Adobe illustrator file which combined part of the
new_traces.jpg and the cooling joint trend data from Fig. 11 of
Throckmorton & Verbeek. It is posted on a deadend URL at
geoweb.gg.utk.edu/dunne/newtraces.ai for download and is a 4+MB file.
David, we will need a version of this figure for the paper with the
position and trends of the traces accurately registered onto your base
map figure.

Anyway, some science from the comparison of traces, Juliet's modelling
results, and Connie & Earl's joint trend data:

. 1) Reasonable correlation between joint trends and stress field at north

end of Bow Ridge and Solitario. .

2) A nice correlation at Fran Ridge (which for the real Paintbrush Canyon
fault is in the FW) of real and predicted trends. Look out for the
curved fault in the reality!

3) A lack of data between Bow Ridge and Paintbrush Canyon for
differentiating the 2-fault from 3-fault results.

4) A lack of data to the south of the Bow Ridge (between Solitario &
Paintbrush Canyon) for showing the mirror symmetry in joint trends in
that region (beyond data collection’region for site characterization -
David, if we ever get the chance, that would be worth one or two days of
fieldwork, if nothing else for our own peace of mind). These data would
probably be the best tool for differentiating between a differential
compaction and fault-driven control of horizontal stress directions.

5) Problematic data points

- most NE data point;

~ bisecting the ESF EW, we do not have NS trending primary joints with
EW subsidaries *

bill

bill

KA hk Kk IRk IIAKRRARKRAAKRAKR A AR A TR AR AR KK
William M. Dunne

Professor and Head

Department of Geological Sciences
306 G & G Building

University of Tennessee
Knoxville, TN 37996-1410

phone: 865-974-5498

fax: 865-974-2368

email: wdunne@utk.edu
departmental webpage: geoweb.gg.utk.edu
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Date: Tue, 25 Jan 2000 19:48:52 -0600
From: David Ferrill <dferril@swri.edu>
To: jcrider@brynmawr.edu

Cc: wdunneQutk.edu

Subject: Modeling etc...

[ The following text is in the "IS0-8859-1" character set. 1
[ Your display is set for the "US-ASCII" character set. |
[ Some characters may be displayed incorrectly. ]

Dear Juliet,
I hope that your New Year is off to a good start!

Here are the dips that I recommend using for the three faults:

Solitario Canyon fault = 75
Bow Ridge = 60
Paintbrush Canyon = 75

[..text omitted..]

I also have some technical questions about the modeling and have not seen your
responses to Bill's queries from last (?) week.

I look forward to talking with you soon.
Adios,
David

R R R S S Sy
David A. Ferrill

CNWRA - Southwest Research Institute
6220 Culebra Rd.

San Antonio, Texas 78238-5166

Tel: 210 522-6082

Fax: 210 522-5155

e-mail: dferrill@swri.edu

o
-+
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Date: Fri, 28 Jan 2000 14:03:40 -0500 (EST)
From: Crider Juliet <jcrider@brynmawr.edu>
To: Bill Dunne <wdunneRutk.edu>

Cc: dferrill@swri.edu, bhill@swfi.edu
Subject: the modeler's view

Bill, David, Britt --

> What is the maximum’ magnitude for the displacement distribution that you
> are using?

The fault slip is controlled by the tectonic loads, fault geometry,
material property and a bit by fault interaction. For the first set of
trials, max. dip slip for SCF was modeled at a little over 1 m.

> in the -2 and 3 fault models,
> are all faults moving simultaneously, one, none, or...... ?

The model calculates simultaneous faulting of the two or more faults.
Because these are linear-elastic solution, this is the same as superposing
the effects slip on each fault individually. This is equivalent to a
cluster of small normal-faulting earthquakes -- common (at least in the
northern Basin & Range...}

> what is the time duration of the stress field
> perturbation by fault motion?

The stress field will remain perturbed until there is inelastic
deformation to dissipate the stresses. (This includes jointing!) In
practice, there must be a host of microcracking or plastic deformation
that accompanies fault slip to help dissipate this perturbation very
quickly after the slip event. However: Recent stress transfer (or
"stress-triggering") studies show that, seismicity rates can be influenced
for years to decades after a good-sized earthquake (our data set does not
yet extend to "centuries") -- and these rates-changes correspond to
regions of stress perturbation predicted by linear-elastic models.

> What is a reasonable shear modulus for a "normal® weaker material
> I don't think that these rocks are "abnormally" weak, so
> a really low number is probably not reasonable.

Fractured rock might have moduli an order of magnitude lower than measured

for intact material -- I don't have info about unconsolidated or highly
vessiculated rock -- presumably this is buried somewhere in the rock
mechanics literature (and not found in my library!) -- but we can test a

couple of values to see what the effects are.

The vertical expansion shown in hand specimen suggests to me that
lithostatic load is not going to play a role at all in the shallow
formation of these joints. Since this.extension in a direction parallel
to vertical joints —- and since in the half-space model, there's nothing
preventing upward expansion, vertical expansion is not incompatible with
the modeling. (Not directly represented in the model, either, though).

P
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Joints and fractures don't disériminate, and will grow in response to e
whatever local stresses are present —— the myriad of factors that we are !
all trying to sort out. The large “cooling" joints DO have striking
3 . x . s M
reqularity -- and there are many examples in the literature illustrating
preferred orientation of such fractures in a regional stress field. -
Sheridan's (1970) cooling joints are not completely random -- and are “"‘"\r_..’——‘-""‘“""_'w o .
growing in a region with a high tectonic strain rate. Rehrig & Heidrick . ° tra] ectoryplot.m
(1972, 1976) and Heidrick & Titley (1982) show systematically oriented I —— P, FESIE 2Creates — . s .
.‘f cooling joints in plutons. (See also fig. 5.71 in Davis & Reynolds : K . a 2-D plOt of the directions of max and min
"f textbook.) The classic paper on the mechanics of "thermal contraction I 6prlnc1pa\l stress,
|‘|T;% cracks” is Lachenbruch (1962, GSA Special Paper 70) -- but he works in.an Lo
_“v isotropic regional stress field. o .
- F— %$To use, create a file called “formatlab”
?ll Finally, keep the modeling in perspective: you will never have a model %containi
ining onl
T‘!'I“T that can reproduce all the complexities of the natural world at the ESF —-— ° , g Y the OutPUt frorln the PRINCIPAL STRESS
"‘l Simpler models are very useful for answering questions like "Is it . $section of the Poly3d output file.
L s aw " 5 i i b3 1
J. possible that...?" and "Is this a reasonable interpretation?" . %Strlp all text and column headers.
[ ' . . . . :
) New results forthcoming. °Place file in same dlrectory as this script.
'||||l N
“ cheers : .
X . load formatlab;
i -- Juliet ' whos
4
"”il ............................................................................. A=formatlab;
.,UM Juliet G. Crider ‘ x=A(:,1);
Assistant Professor
il y=A(:,2) ;
;"" Department of Geology ph: 610/526-5113 ) - slnl=A(:,4);
_|J, Bryn Mawr College fax: 610/526-5086 1no2= . .
R 101 North Merion Avenue e-m: jecrider@brynmawr.edu = sln2=A(:,5);
! Bryn Mawr, PA 15010-2899 web: www.brynmawr.edu/Acads/Geo/crider sl:A( s, 7)

53n2=A(:,13)
s3=A(:,15);
slnln = slnl*-1;
sln2n = sln2*-1;

s3nln
s3n2n

s3nl*-1;
s3n2*-1;

quiver(x,y,slnl,sln2,0.25,'k.')
axis equal
hold on

i} '

. quiver(x,y,slnln,sln2n,0.25,'k.")
'Wl quiver(x,y,s3nl,s3n2,0.125, 'm.")

) S quiver(x,vy,s3nln,s3n2n,0.125, *‘m. ")

hold off
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gyucca mountain features
%plots key features near Yucca Mt.

hold on !
axis equal

%live yucca ridge

east = -1.5;

north = 3.5;

plot(east, north, 'bo',east, north, 'MarkerSize',10);
plot{east, north, 'bpentagram',6 'MarkerSize',10);

% esf
clear east;
clear north;

east = [1; -1; -1.4; -1.55; -1.3; 0.75];

north = [3.5; 4.55; 4.3; 1.15; 0.8; 0.751];
plot (east, north, 'b:','LineWidth', 3};

$solitario model trace

. clear east;

clear north;

east = [-2.75; -2.75];

north = [-9.25; 6.75]; ,

plot(east, north, 'c-','LineWidth',3):;

$paintbrush canyon model trace

clear east;

clear north;

east = [2.5;2.5];

north = [-5.5;12.5};

plot(east, north, 'c-','LineWidth', 3);

o

$bow ridge model trace

clear east:;

clear north;

east = [1.1;0;1.5]:

north = [5.6;0.25;-2.75]; .
plot(east(l:2), north(l:2), 'c-','LineWidth',3):;
plot(east(2:3), north(2:3), 'c:','LineWidth',3);

) /—
I
! ( A/
—-~‘Tr”””““w"
$mesh plotter : i;l
—_— $plots fault geometry from poly3d output .
- SPATIENCE! TAKES FOREVER.
e e $put mesh in separate text files
I<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>