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11 Attempts at Controlling Energy Reflections from Model
Boundaries to Achieve Longer Monitoring Times

Modifications to the basic model (i.e., m05Base) were necessitated by observations
(reported in section 10.5 on 7/19/96, page 146 of Notebook 183) that: (1) fault slip and
ground motions need to be monitored for longer than 5 seconds following the simulated
seismic event; and (2) reflections of acceleration wave fronts from the sides and bottom of
the model back into the area of interest occur within approximately 4-5 seconds of the
seismic event. Consequently, the model geometry was modified so that longer analyses
could be performed and so as to eliminate boundary reflections.

11.1 Use of Infinite Elements

The first attempt was called mO6Base and made use of ABAQUS infinite elements
along the side and bottom boundaries of the model. The infinite elements do not permit
additional boundary conditions to be applied to them so the “rollers” were removed from
the sides and bottom of the model. Unfortunately, this configuration provided no restraint
against rigid-body motion of the entire model because in the ABAQUS formulation of
two-dimensional infinite elements, the nodal displacements at “infinity” are not fixed to be
zero as they are for three-dimensional infinite elements. As a result, the entire model was
free to translate within the xy plane (i.e., the plane containing the model) which resulted in
numerical instability.

A new model, m07Base, was constructed from m0O6Base by arbitrarily assigning no
displacement boundary conditions to 4 nodes within the main model zone. It was hoped
that this would effectively “pin” down the model, prevent the rigid-body translations, and
therefore eliminate some of the numerical instability. However, this restraint proved to be

insufficient. Consequently, the use of infinite elements was abandoned.
11.2 Energy Absorbing Boundaries

Since the infinite elements were unsuccessful, it was decided to modify m05Base
by adding an additional 15 km of material to the sides and bottom of the model (referred
to as mO8Base). The additional material was made into three rows of 5 km thick
elements, with the innermost two rows assigned material properties identical to the
footwall and hangingwall regions (i.e., linear-clastic with very small damping). The
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outermost row was assigned linear-elastic properties> with a very large damping
coefficient. This region is called the “absorbent boundary.” While the absorbing layer did
prevent reflections from the model boundaries, the sharp transition from the main model
mesh (approximately 500 by 500 m elements) to the new 5 km wide elements of the new
region produced its own reflection. This new problem appears to be solely the result of
the rapid change in mesh size. ‘
Consequently, a further modification (m09Base) was setup such that 5 km of new
material was added beyond the model zone of m05Base. This new material was divided
into 5 rows of elements that get progressively larger toward the moel boundaries, with the
innermost row composed of elements that are nearly the same size as in the main model
zone. The 4 irnermost rows are assigned material properties identical to the main footwall
and hangingwall regions (i.e., linear elastic with minor damping). The outermost row is
assigned a linear elastic material with very large damping (referred to as the “absorbent
boundary”). Until further notice, all subsequent models will make use of m09Base as the

starting condition.
11.3 Results of analysis cases sc01, sc02, sc03, and sc04 for m09Base
11.3.1 Case sc01 (shallow-focus earthquake on Fault F0)

Case scO1 was monitored for 10 seconds after the simulated seismic event (total
time of 11 seconds). Maximum ground accelerations were observed at the group 3
monitoring nodes (midway between faults FO and F1) approximately 2.5 seconds
following the seismic event. The maximum horizontal acceleration of 2.087 m/s* (0.21 g)
occurred at node 2110 (depth of 500 m), while the maximum vertical acceleration of
4290 m/s* (0.44 g) occurred at node 2072 (on the surface). The average group 3
accelerations were 0.16 and 0.34 g, horizontal and vertical respectively.

For fault FO, the maximum displacement of 4 m took place at a depth of 1.98 km
and a down-dip fault length of 2.29 km, and the surface displacement 10 seconds after the
event was 2.92 m. - The down-dip rupture length for FO varied from 15 to 31 km and the
average fault displacement ranged from 1.4 down to 0.7 m. Measurable slip did not occur
on faults F1 and F2 in repsonse to the shallow earthquake on FO.

Simulated earthquake magnitudes of 6.9 and 6.8 were calculated for model scO1
using the empirical formulas of Wells & Coppersmith (1994) for maximum surface
displacement and down-dip rupture length, respectively. A magnitude range of 6.4 to 6.7
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was calculated from the seismic moment (Kanamori & Anderson 1975) by estimating a
rupture area range (see previous discussion of rupture area calculation).

11.3.2 Case sc02 (intermediate-focus earthquake on Fault F0)

Case sc02 was monitored for 12 seconds after the simulated seismic event (total
time of 13 seconds). Maximum ground accelerations were observed at group 4 nodes
(between faults F1 and F2) approximately 4 seconds after the seismic event. The
maximum horizontal acceleration of 4.691 m/s* (0.48 g) occurred at node 10974 (depth of
250 m), while the maximum vertical acceleration of 5.388 m/s* (0.55 g) occurred at node
10957 (on the surface). The average group 4 accelerations were 0.38 and 0.41 g,
horizontal and vertical respectively.

For fault FO, the maximum displacement of 11.6 m took place at a depth of 6.37
km and a down-dip fault length of 7.36 km, and the surface displacement 12 seconds after
the event was 4.12 m. The down-dip rupture length for FO varied from 21 to 31 km and
the average fault displacement ranged from 3.6 m down to 2.62 m. Maximum and surface
displacements of 0.13 and 0.09 m, respectively, were measured on fault F1. For fault F2,
maximum and surface displacements of 0.40 and 0.03 m, respectively, were observed.

Simulated earthquake magnitudes of 7.0 were calculated for model sc02 using the
empirical formulas of Wells & Coppersmith (1994) for both maximum surface
displacement and down-dip rupture length. A magnitude range of 6.9 to 7.2 was

calculated from the rupture area range.
11.3.3 Case sc03 (deep-focus earthquake on steep segment of Fault F0)

Case sc03 was monitored for 12 seconds after the simulated seismic event (total
time of 13 seconds). Maximum ground accelerations were observed at group 5 nodes
(right of fault F2) approximately 6 seconds after the seismic event. The maximum
horizontal acceleration of 4.820 m/s* (0.49 g) occurred at node 3687 (depth of 250 m),
while the maximum vertical acceleration of 4.932 m/s? (0.50 g) occurred at node 3669 (on
the surface). The average group 5 accelerations were 0.43 and 0.39 g, horizontal and
vertical respectively.

For fault FO, the maximum displacement of 13.9 m took place at a depth of 10.03
km and a down-dip fault length of 11.58 km, and the surface displacement 12 seconds
after the event was 2.39 m. The down-dip rupture length for FO varied from 21 to 31 km
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and the average fault displacement ranged from 3.6 m down to 2.6 m. Maximum and
surface displacements of 0.13 and 0.02 m, respectively, were measured on fault F1. For
fault F2, maximum and surface displacements of 0.26 m were observed.

Simulated earthquake magnitudes of 6.9 and 7.0 were calculated for model sc03
using the empirical formulas of Wells & Coppersmith (1994) for maximum surface
displacement and down-dip rupture length, respectively. A magnitude range of 6.8 to 7.2

was calculated from the rupture area range.
11.3.4 Case sc04 (deep-focus earthquake on detachment segment of Fault F0)

Case sc04 was mqhitored for 6 seconds after the simulated seismic event (total
time of 7 seconds). This;';model could not be monitored further because the horizontal
component of the acceleration was so strong as to overwhelm the absorbing boundary at
the base of the model and reflect back mto the zone of interest. Maximum ground
accelerations were observed at group 4 nodes approximately 5 seconds after the seismic
event. The maximum horizontal acceleration of 17.640 m/s? (1.80 g) and the maximum
vertical acceleration of 1.798 m/s* (0.26 g) occurred at node 10957 (on the surface). The
average group 4 accelerations were 1.17 and 0.18 g, horizontal and vertical respectively.

For fault FO, the maximum displacement of 4.43 m took place at a depth of 11.95
km and a down-dip fault length of 16.29 km, and the surface displacement 6 seconds after
the event was 0.05 m. The down-dip rupture length for FO varied from 21 to 29 km and
the average fault displacement ranged from 0.72 m down to 0.57 m. Maximum and
surface displacements of 0.10 and 0.06 m, respectively, were measured on fault F1. For
fault F2, maximum and surface displacements of 0.07 and 0.02 m, respectively, were
observed.

Simulated earthquake magnitudes of 5.7 and 7.0 were calculated for model sc04
using the empirical formulas of Wells & Coppersmith (1994) for maximum surface
displacement and down-dip rupture length, respectively. A magnitude range of 6.4 to 6.7

was calculated from the rupture area range.
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12 Detailed Acceleration Monitoring

This section documents a change in the manner in which near-ground accelerations
are monitored in the finite element models. Previously, (refer to section 7.7 of notebook
183) accelerations were monitored at 3 to 5 nodes in each of 7 groups spaced across the
model. To provide a better comparison of model derived accelerations with those
obtained with published attenuation functions, it was decided to montior the acceleration
at every surface node across the model as well as at all nodes at a depth of approximately
300 m. The surface nodes are defined by the node-set “ndtop” which is defined in the
m09Base.res file. The 300 m deep nodes (depth actually varies from about 200 to 400 m)
are defined in the node-set “nd300dep” which is defined in each model input file (e.g.,
sc09, sc10, etc.). An example of this new node-set defintion is given here:

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

*kk

*+* Define nd300dep nodeset
L Nodes at depth of 300 +/- 100 m (i.e., 200-400 m)

* &k

*NSET, NSET=nd300dep

2, 55, 108, 161, 214, 267, 1326, 1376,
1426, 1476, 1526, 1576, 1644, 1718, 1792, 1866,
1940, 2014, 2086, 2087, 2088, 2089, 2090, 2091,
2099, 2107, 2122, 2159, 3678, 3679, 3680, 3681,
3682, 3683, 3684, 3685, 3686, 3687, 3688, 3689,
3690, 3692, 3693, 3694, 3695, 5490, 5491, 5492,
5493, 5494, 6807, 6860, 6913, 6966, 7019, 7072,
7125, 7178, 7231, 7284, 10309, 10364, 10454, 10542,

10632, 10722, 10804, 10887, 10974, 11053, 11142, 11225,
11319, 11396, 11482, 11556, 14366, 14419, 14472, 14525,
14578,

kkk

+x+ Define combined nodeset (ndtop & nd300dep)

* k%

*NSET, NSET=ndcomb
ndtop,

nd300dep,

*k%
L

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

The last *NSET command simply groups together ndtop and nd300dep into a single node
set called ndcomb so that writing the accelerations to the results file is easier.

12.1 Acceleration Extraction from ABAQUS History File

This ABAQUS journal file, max-accel.jnl, extracts the maximum horizontal (al)
and vertical (a2) accelerations from the nodes on the surface (ndtop) and at about 300-m
depth (nd300dep).
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“““““““““““““““ ************************************************************************

—— ************************************************************************
** Script "max-accel.jnl”
*x delete curve, name=all curves
** Change result filename for each model! vy
r* Change result filemame for each modeli ¥ e
result, file=sc06 set, reportfile=nd300.al
readcurve, name=test, var=al, node=nd300dep
LA define curve, name=abs, operation=abs e
set, reportfile=ndtop.al test
readcurve, name=test, var=al, node=ndtcp define curve, name=max, operation=maximum
define curve, name=abs, operation=abs abs
test print curve e
define curve, name=max, operation=maximum max
abs
print curve delete curve, name=allcurves
max vy
delete curve, name=all curves set, reportfile=nd300.a2
¥ readcurve, namestest, var=a2, node=nd300dep
define curve, name=abs, cperation=abs
set, reportfile=ndtop.a2 test
readcurve, name=test, var=a2, node=ndtop define curve, name=max, cperation=maximum
define curve, name=abs, cperation=abs abs T T
test print curve
define curve, name=max, operaticn=mazimum nax
R
print curve end
max

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

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

This file can be used for any source case as long as the “result, file=name” line is changed =
for a particular case. As it is written, this journal file can be used with ABAQUS in batch
~~~~~~~~~~~~~~~~~~~~ mode. Four example, the following line would be used for model case sc06:

abaqus55 post restart=sc06 input=max-accel.jnl

“““““““““““ Four output files are generated (ndtop.al, ndtop.a2, nd300.al, nd300.a2) that are then
used to generate acceleration profiles as described below.

****************** 12.2 Creation of Acceleration Profile

The program, AccProfile.c, takes the surface and 300-m depth accelerations, and
sorts and combines them with the x-y nodal coordinates to create a file that can be used to
plot an accleration profile.

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

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

#include <stdio.h> by applying ABAQUS/Post function DEFINE CURVE with
tinclude <stdlib.h> OPERATION=ABS and
#include <ctype.h> OPERATION=MAXIMUM to selected acceleration history data.
struct Point{ The x- and y-ccordinates of the nodal points are read from
int node; file name
S float x,y.maxacc; given as ccommand-line argument
struct Point *next;
i author G. 1. Ofoegbun
Date August 21 1596
ms— int GetMaxAcc(float* amax, int numNodes}; System Requirement: ANSI C under UNIX
int GetNodeNums (int* nodeNums,char* buf); Compile with acc on SUN 08 (cc
int InsertAcc(struct Point *first, int node,float amax); will fail)

FRKAAERRAR RN R RN ARNARRNRN N AN AR IR IR RERRRRNRR AR RN RN AR RA NS
REXAREEN )

main(int arge, char* argv(l)

/* Process command-line argument to determine xy-file name */

char buf{121];
int *nodeNums,node, numNodes, maxNumNodes=4; if (arge < 2) e

int i; 3 DumpAndQuit(*Usage: ProgramName xyFileName < accFileName >
float *amax,x,y: outputfile”);
struct Point *FirstPoint,*LastPoint,*currentPoint;
FILE *Fxy; Fxy = fopen(argv[l],"x");
if (IFxy){
“““““““““““““““““““““ Y L SR R S A A A AR SR bbb bbb sprintf(buf, "Unable to cpen file $s",argvill);:
ErERAy pumpAndQuit(buf):

AccProfile.c
amax = (float *)malloc(maxNumNodes*sizeof(float));

This code prepares horizontal profile of maximum acceleration nodeNums = (int *)malloc(maxNumNodes*sizeof(int));
using data output from an ABAQUS/Post PRINT CURVE command $f (lamax [{ inodeNums) - e
(where each curve is a time history of maximum acceleration DumpAndQuit(”Memory allocation error”});

prepared
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/* Read coordinates file and store nodes sorted in increasing x

order */

FirgtPoint = LastPoint = NULL;
while (fgets(buf,120,Fxy))
if (sscanf(buf,"3d $f ¥f ¥*f ¥*f", &node, &x,&y) == 3){
currentPoint = (struct Point *)malloc({sizeof(struct
Point));
if (!currentPoint}
DumpAndQuit(*Memory allocation failure®);
currentPoint->node = node;
currentPoint->x = x;
currentPoint->y = y;
StorePoint(currentPoint, &FirstPoint, sLastPoint);

H
fclose(Fxy);
if (iFirstPoint){
sprintf(buf, *No valid input line found in file
23", argvil}y);
DumpAndQuit(buf};

*
Read acceleration-data file.
For each heading line found:

extract node numbers from heading;

get maximum acceleration data,

stepping through file to end of current data block;

and insert acceleration values intc Points data structure.

*/
for (i ) (
3f (lgets(buf))
reak;
if (IsHeading(buf)}{ /* Found heading
*
/ d = Ge eNums { n ,bufy;
if (!numNodes) DumpAndQuit("Heading-line error ... No

nodes found*);
else if (numNodes > maxNumNodes){
sprintf({buf,
*Max number of nodes allowed is %d, but &d was found",
maxNunNodes, numNodes) ;
DumpAndQuit(buf);

if (1GetMaxhcc(amax,numNodes))
DumpAndQuit("No acceleration data found following a
heading line”);
for (i=0; i<numNodes; i++)
if (!InsertAcc(FirstPoint,nodeNums[i],amax[i])}{
sprintf(buf,
"Node 3d in acceleration file not found in xy file”,
nodeNuns [1});
DumphAndQuit(buf);
1

]
}

/* Print sorted data */

PrintPoints(FirstPeint);

int GetMaxAcc(float *amax, int numNodes)

{
char buf{121];
int i, found;
float alf,al,a2, a3, time;

/tttﬂ.ih*’t*!ﬁﬁ*i’t*'ﬂ*’ﬂ*t' HRARRRRANNE
ErET Ty

This code module reads the acceleration file to the end of
the

current block (marked by a line that does not contain the
expected

number of float variables). The acceleration values extracted
from N

the last valid input line are the maximum.

The code provides for up to four acceleration values per line
e S e T T S T

HAARAAR )
/* Read and discard the first two lines */

found = 0;
gets(buf);
gets(buf);

switch (numNodes){

case 1: /* Case of 1 acceleration value per
line »/
for (; :){
if (lgets(buf) i{| (sscanf(buf,*3f L', stime, ald) 1= 2))
return(found);

amax[0] = a0;
found = 1;

case 2: /* Case of 2 acceleration values per

IRl
if (l%ets(buf) |] (sscanf(buf,*$f $f 3f",stime, sald,&al)
return{found);

amax{0] = a0;
amax (1]} = al;
found = 1;

case 3: /* Case of 3 acceleration values per

for (: i

if (tgets(buf) ||

(sscanf(buf,"$f $f ¥f 3f",stime,sal,sal,sa2) != 4))
return(found);

amax (0} = aQ;
amax[l] = al;
amax[2] = a2;
found = 1;

¥

case 4: /* Case of 4 acceleration values per
line */

[

for (i i)
if (lgets(buf) ||
(sscanf(buf,"3f $f 3f ¥f 3f",&time,&ald,sal,&a2, &al)
= 5))
return{found};

amax[0] = a0;
amax{l] = al;
amax[2) = a2;
amax{3) = a3;
found = 1;

1

default: /* Invalid number of nodes passed to
function */

sprintf(buf, "Function GetMaxAcc cannot process ¥d nodes”,
numNodes) ;
DumpAndQuit(buf);

1
1

int GetNodeNums(int *nodeNums,char *buf)
C

char c, *name="939999";
int i,3,k,nodes,naxdigit;

maxdigit = 6;
k = 0;

/**”'””"t"ﬁﬁ’iﬂ"ﬂﬁﬁ*tﬁ*iiﬂiti***tt**i'*,,'ﬂ,,!’i’t'***ﬁfﬂ
(T
This code module extracts node numbers from the heading line.

The maximum number of digits in a node number is maxdigit.
YIS
way

nodes = 0;
i=0;
for (ec=buf[0]; ei='\0'; c=buf[i]){
if (lisdigit(c)})
++i;

else{
3= 0;
name(j] = <;
for (; )i

¢ = buf[++i];
if (isdigit(e))(
if (++) == maxdigit)
DumpAndQuit(
"Maximum number of digits exceeded in function
GetNodeNums");
namel[3) = o;

else{ /* Collected last digit of current
number */

name{++j] = '\0';
nodeNums [k++] = atoi(name);
nodes++;
break;

]

)
]
1

return(nodes);

StorePoint{struct Point *current,struct Point **first,struct
Point **last)
{

struct Point *old, *p;
p = *first;

if (l*last)( /* current is the very first item in
the list */
current->next = NULL;
*last = current;
*#first = current;
return;

1

old = NULL;
while (p){
if (IsBelow{current,p)}{
old = p;
p = p->next;

else{
if (old) § /* insert current at this point in the
list *
old->next = current
current->next = p;
return;

] -
current->next = p; /* current becomes new first
element */
*first = current
return;
1
H

(*last)->next = ourrent; /* current becomes new last element

current->next = NULL;
*last = current;

]

PrintPoints(struct Point *first)
{

if (tfirst){
printf("\t***\tNothing to print\t**#\n");
return;

}

printf("810s5312s%123%12s\n", "Node*,*x (km)”*,"Depth
(m}", "maxAce (¢)");

while (first){
printf("210d312.2£312.2£%12.4f\n",
first->node,
1l.0e-3*first->x,
12000, - first->y,
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(first->maxacc) /9.8 .

)i delta = current->x - p->x;
first = first->next; if (Qelta > xTol)
return(below);
)
return(notBelow};
int Insertdcc(struct Point *first, int node, float amax)
int found=l,notfound=0; int IsHeading(char #*s)
{
while (first)( ’ int i,isHead=]l,notHead=0;
if (node == first->node){ char ©; e
first->maxacc = amax;
return(found); if ((s[0] 1= '#') || (s[1l] 1= '*'))
} return(notRead);
first = first->next;
i=2;
return(notfound); for (c=s{2]; ct='\0'; c=s[i]){
................. } if (isspace(c))
++i; /* Discard white-space
int IsBelow(struct Point *current,struct Point *p) characters */
else if (c=='M' && g(i+l)=='A’ && s[i+2]=='X")
int below,notBelow; return(isHead);
float delta,xTol; else
return({notHead);
................ J* 3
This code module determines whether first-named Point is return(notHead):
down-dip, i.e., 1
to the right, or up-dip (to the left) of second-named Point
\\\\\\\\\\\\\\\\ y DumpAndQuit(char *s)
below = 1; printf(*"\n *** ¥z ***\n\n",s);
notBelow = 0; exit(0); Cm—
xTol = 0.05; 1

ok sje ok sk sk ok s i sie sk sk s sk ofe sie sk sk sk ok ok ok i sk sk sk sk ofe ok sk s sk sie ok ok Sk sie sl sk ke s sk sfe sk sk sie sie 3k e sfe sk s sk sk s sk sfe sk sk sk koo sk sk sk ske sk sk sk skesiesk

K 3 sk ke 3853 3 ok s o o8 3 sk 5 o ok ke sk ok sk ok ok ok ok ok ok ok o ke s o ok o ok sk o ook ok sk ok sk s ok st o sk ok ok sk sl sk ok o ke sk sk ol sk sk sk o s ook sk ek sk ok ok

““““““““ In addition to the four files generated by max-accel.jnl, files containing the node
coordinates (ndtop.dat, nd300.dat) are necessary and can be generated from ABAQUS
Post using the “print nodes, original” command. An executable file, AccProfile.exe, was
compiled from AccProfile.c. A batch file, accel-profile was used to generate 4 output
files that contain the node number, x coordinates (in km), y coordinate (depth in m), and
************ maximum acceleration for that node (in g).

s 3k 3k ok ok ok ok s sk sfe sie sk sk ofe ok ok s ok sk s sje she sfe sfe 3 s s s sie sfe sle sfe sfe sk she sfe s sk ke it 3i¢ sk 3k sk s sk sk i ofe ok she sfe sk s sfe she sk sfe sk sk s sl s sfe s sk sfe sk sk sk sk

e sfe sk 3k 3k e sfe ofe ok s sfe sfe 3 sk e ik o sfe sk she s v s s she s sfe sk sfe sk sk sk ok ok sk sk sk sfe ste ke st sk s sk sfe sk s sk sksk s sk sk sk sk ok sk sk sk sk skok sk sk ok sk sk sk sk sk kg

~~~~~~~~~~~~~~ AccProfile.exe ndtop.dat < ndtop.al > ndtop.al.out A—
AccProfile.exe ndtop.dat < ndtop.a2 > ndtop.a2.out
AccProfile.exe nd300.dat < nd300.al > nd300.al.out
AccProfile.exe nd300.dat < nd300.a2 > nd300.a2.out

ke sfe 3k 3k e ok ofe sfe sk ok sfe s s i e ¢ ik sk sk sfe ok sk sfe she sk sfe s s sk s sk e s sk ske sk she sfe sfe sk s s sk she sle sk sk sk skeske sk sk sk sk sk sk skeskosk sk e sk e sk sk sk sk ok
she sfe sk sk e of¢ ok ohe ok s sfe sfe o sie sie 3k sk sk s she sfe sfe s sk sk sfe s sk st sfe sk s sfe sk sk she sk she st sk s sk sl ke she sk sk sk sk sk sk s sk sk sk s sl sk sk sk sk sk st ke sk ke sk sk sk

This is an example of a partial file containing the maximum horizontal accelerations for the
surface nodes:

e sk s e sk s ke sk s e s o ke s o e s sk e sfe sk ok ke s sk sk ke s sk ke sfe st e sk sk o sk sk ke sk sk sk ok sk ke s st ok ok ok sk sk sk s st ok sl sk sl sk o s sk sk e st ok sk ok ok

sk s 3 ok oie ok sk e s sfe sk sk sk ol sk sk sk s s ok of 3k sk s Sk sk sk i sk sk s sk sie sk sk sk i sk s s she sk sk sk sl sk sk sk sfe sk sk ske ok sk sk sfe sk ook sk sk sfe s sk sk sk sk ke sk sk sk

“““““““““ Node x (km) Depth (m) maxAcc (g)
14367 -5.00 0.00 0.0000
14385 -4.20 0.00 0.0496 e
14420 -3.39 0.00 0.1046
- 14438 -2.78 0.00 0.1262
14473 -2.17 0.00 0.1271 T
14491 -1.71 0.00 0.1280
14526 -1.24 0.00 0.1302 e
14544 -0.89 0.00 0.1327
~~~~~~~~~~ . 14579 -0.54 0.00 0.1297 .
14597 -0.27 0.00 0.1318
e 6806 0.00 0.00 0.1282 e
6841 0.28 0.00 0.1294
6859 0.56 0.00 0.1281
6894 0.84 0.00 0.1314 T
6912 1.12 0.00 0.1295
T 6947 1.40 0.00 0.1317 e
6965 1.68 0.00 0.1294
7000 1.96 0.00 0.1308 e
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7018 2.24 0.00 0.1254
7053 2.52 0.00 0.1292
7071 2.80 0.00 0.1220
7106 3.08 0.00 0.1256
7124 3.36 0.00 0.1192
7159 3.64 0.00 0.1233
7177 3.92 0.00 0.1145
7212 4.20 0.00 0.1173
7230 4.48 0.00 0.1089
7265 4.76 0.00 0.1082
7283 5.04 0.00 0.0992
7318 5.32 0.00 0.0980
5488 5.60 0.00 0.0983
5487 5.95 0.00 0.1057
5486 6.29 0.00 0.1074
5485 6.56 0.00 0.1193
5484 6.82 0.00 0.1199
5483 7.02 0.00 0.1148
5482 7.22 0.00 0.1117
5481 7.37 0.00 0.1120
5480 7.52 0.00 0.1152
5479 7.63 0.00 0.1156

266 7.75 0.00 0.1119
248 7.80 0.00 0.1121
213 7.85 0.00 0.1104
195 7.90 0.00 0.1093
160 7.95 0.00 0.1083
142 8.00 0.00 0.1364
107 8.05 0.00 0.1586
89 8.10 0.00 0.1591
54 8.15 0.00 0.1564
36 8.20 0.00 0.1540

1 8.25 0.00 0.1523
2083 8.49 0.00 0.1510
2082 8.74 0.00 0.1550
2081 9.00 0.00 0.1632
2080 9.27 0.00 0.1782
2079 9.55 0.00 0.1889
2078 9.84 0.00 0.1944
2077 10.15 0.00 0.2096
2076 10.46 0.00 0.2094
2075 10.80 0.00 0.1900
2074 11.13 0.00 0.1558
2073 11.50 0.00 0.1288
2072 11.87 0.00 0.0922
2071 12.20 0.00 0.0795
2070 12.54 0.00 0.0961
2069 12.85 0.00 0.1464

sk sk ok sk ok sk sk sk sk s sk s sk sk sk s sk s 3k sk sk sk e sk sk sk sk ok s ok sk ok sk ok s sk s sk sk sk sk sk sk she sk sk s she sk sk shesie sk ske sk skl sk sk sk skok s sk sk sk sk
sk s sk sk sk sk s s ke s Sk ok sk s sfe sk s sfe 3 S sfe o S sfe 3k s 3k sk sfe sk ok s sfe ok sk sk ke sk ok ok sk ok ok ok s s sk sk sheoke s she sk s shesie sk sk sk sk sk sk sk skoske sk sk ok

12.3 Model Combinations Analyzed

Once the new acceleration monitoring procedure was established, a series of
different models were analyzed by varying the source depth (shallow, intermediate or deep
on the steep segment of fault FO) as well as the source size. Source size is controlled by
the length of fault segment over which the shear stress pulse (refer to section 8 of
notebook 183) is applied. For the intermediate and deep sources, the source size was
varied from 0.5 km to 1 km to 2 km. The table below summarizes each of the models and
gives the file names that were used to generate each of the runs. All files are archived as
required for Quality Assurance purposes. As noted earlier, all runs make use of the file
m09Base.res as the starting point.
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File Name Source Depth Source Size (khm)
scl3 Shallow 20 7
,,,,,,,,,,,,,,,,,, SC09 Inlern1ediate 2.0 R
;;;;;;;;;;;;;;;;;;; scl0 Intermediate 1.0
;;;;;;;;;;;;;;;;;; SC 1 1 Intermediate 0.5 s
sc06 Deep 2.0 o
\\\\\\\\\\\\\\\\\\ SCO7 Deep 1 .O
;;;;;;;;;;;;;;;;;; sc08 Deep 0.5 —

12.4 Additional Model with Smaller Shear Stress Pulse

To better evaluate the effect of the shear stress pulse that simulates the earthquake
rupture, model sc06 was re-analyzed with one addition. The *AMPLITUDE command
shown below was added to the sc06 file so that the peak of the applied shear stress pulse
goes up to 1.10 rather than 1.25. The duration of the shear stress pulse remains 0.5

seconds.
sk s sk sk s e sk ok 3k s sk sk sk sk sk sk ok ok sk ok ok sk sk o s sk sk sk sk ke sk sk i sk ok sk sk sk s sk sk s sk e ok ok ke ok ok ok sk ke sk s sk sk sk sk o sk sk sk sk sk e sl s e ks sk sk

e s ok sk ok s ok sk s she sk sk sfe ok she 3k sk 3k she sk sk ik sk s sk sk ok s e ok ok sk ok sk sk sk sfe ok sk s sk sk st sk sk sk st she s she s she s ske sk she e sfesie sfe ok she ke sk sie sk sk sk ke ske sk sk

*okk
X2

*AMPLITUDE, NAME=NEWLOAD, TIME=STEP TIME,DEF=TABULAR
0.0,0.0,0.25,1.10,0.5,0.95,5.0,0.95

L

EE XS

s sk sk sk sk ok sk sk 3§ 3K Sk 3k sk s ke sk ok sfe ok s 3k sk 3K s ok ok s ok sk ok s s ok sk sk sk ke s ok s she st sfe e she e sfe sk she e sk sk she sk sk sk sfe sk sk sk s sk sk sk sk koo sk ok
sk sk sk sk sk ok ok ok s ok sk sk sk sk sk sk 3k sk sk ok 3 sk 3k sfe sk s ok o ok ok sk s e ok ik ok ok sk ke sk sk sk sk sk sfe sk sfe sk she sk she e sfesie sfe sk s ke sk sk sfe ok sheske shesieskeskeskok

Preliminary analysis of the results suggests that overall ground accelerations are somewhat
smaller but displacement on fault FO (surface, maximum and average) is unchanged.

12.5 Additional Model without Antithetic Normal Faults

To better evaluate the effect of the two antithetic normal faults (F1 and F2)
on the near-ground accelerations, model sc06 was re-analysed using ml0OBase.res. The
only difference between mI0Base.res and m09Base.res is that the material description for
Faults F1 and F2 were changed from “RUBBLE” to “LEROCK?”. This effectively makes
the hangingwall one homogeneous linear elastic material.
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/************************************************************************
AddFaultGeom.c
e ——t——

This code superimposes a color PostScript plot of fault geometry (showing
induced-earthquake source) on a color PostScript contour-plot of calculated
results (such as ground acceleration).

The following variable file names should be assigned appropriate values
before compiling the code.

contourFile Full name of file containing results plot
geomFile Full name of fault-geometry file

The combined plot (color PostScript) will be dumped onto the screen unless
redirected to a user-named file to be displayed on a PostScript device

author: G.I. Ofoegbﬁ
Date: July 01 1996
Revised: May 13 1996

user is now prompted to supply names for

contourFile, geomFile, and outFile.
*************************************************************************/

#include <stdio.h>
#include <string.h>
#include <ctype.h>
#include <stdlib.h>

int PenNumber (char* s);
int GetFileName(char* name, char* prompt);

main()

char buf[151];

char *contourFile="0123456789012345",
*geomFile="0123456789012345",
*outFile="0123456789012345";

int pen;

FILE *Fin, *Fout;

/* Get file names */

if (!GetFPileName(contourFile, "Name of contour file") ||
{GetFileName (geomFile, "Name of geometry file"))
return;

if (1GetFileName(outFile, "Name of output file")) outFile = NULL;

Fin = fopen(contourFile,"r");

if (!Fin) DumpAndQuit(strcat("Unable to open file ", contourFile));
Fout = fopen(outFile,"w"); ’

if (1Fout) DumpAndQuit(strcat("Unable to open output file ", outFile));

while (fgets(buf,150,Fin))
if (tstrncmp(buf,”ep”,2)) break;
else if (strncmp(buf,"logo”,4))
fputs(buf, Fout);

fclose(Fin);

Fin = fopen(geomFile,"r");
if (!Fin) DumpAndQuit(strcat("Unable to open file ", geomFile));

for(; i)l
if (tfgets(buf,150,Fin))
break;
if ('strncmp(buf,"ep",2}){ /* Found ep: copy to end-of-file and exit */
fputs(buf, Fout);
while (fgets(buf,150,Fin)) fputs(buf, Fout);
break;
}
if (t!strncmp(buf,"/pen”,4)) fputs(buf,Fout);
else if (!strncmp(buf,"pen",3) && (pen=PenNumber(sbuf(3]))<=4 && pent=3){
fputs(buf, Fout);
while(fgets(buf,150,Fin)){
if (!stroncmp(buf,"pen",3) && ((pen=PenNumber(sbuf[3]))>4 || pen==3))
break;
else fputs(buf,Fout);
]
1
}
1

int PenNumber(char* s)

{
char pen|[3];
int i;

if (!isdigit(s[0])) return(20);
penf0] = s[0];

if (isdigit(s{l1l])) pen[l]l=s[1];
else pen[1l] = ‘\0’;

penf2] = '\0’;
return(atoi(&pen{0]));
1

int GetFileName(char *name, char *prompt)
{
printf("%s (15 char max) or return to quit: ",prompt);
if (!gets(name) || strlen(name)==0)
return(0);

return(l);

DumpAndQuit(s)

char *s;

{
printf("\n *** %s ***\n\n",s);
exit(0);

1
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/******t*********t*****************************t**************************

AvéFaultDisp.c

This code calculates the average fault displacement along a fault,

as integral of down-dip fault-displacement profile (trapezoidal rule)
divided by down-dip rupture width. It uses output of code FaultDisp.c
stored in a file scNNfOdisp.dat where NN is a user-supplied integer
(modelNumber) specified as command-line argument to run the code.

Author:
Date:
System Requirement:

G. I. Ofoegbu

July 25 1996

ANSI C under UNIX

Compile with acc on SUN 0S8 (cc will fail)

Revised:
Revised:

January 10 1997
June 18 1997

User required to supply tailNode as second
command-line argument, and is prompted to
confirm input-file name and tailNode
interpreted by the code.

******************************************************i******************/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct Point{
int node;
float fdisp,flen;
struct Point *next;

H

void DumpAndQuit (char* s):

main{(int argc, char* argv(])

char buf [81],cnode[5], *fileName="scNNfOdisp.dat";
int node, tailNode, modelNumber;

float fdisp, flen, avgDisp;

float u0,ul,do0,dl,area;

float zeroDisp=5.0e-3;

FILE *Fin;

struct Point *firstPoint, *lastPoint, *p;

/* Process command-line argument for input-file name and tailNode */

if (argc < 3)
DumpaAndQuit ("Usage: ProgramName modelNumber tailNode");

modelNumber = atoi(argv(1l]);
sprintf (fileName, "sc%02df0disp.dat”, modelNumber) ;
Fin = fopen(fileName, "r");
if (!Fin)
DumpAndQuit (strcat ("Unable to open file ", fileName));
if (! (tailNode = atoi{argv[2]))})
DumpAndQuit (strcat ("Tail node not found in string ",argv[2]));
printf ("Input file = %s\n",fileName);
printf (*Tail node = %d\n", tailNode) ;

printf ("Enter 'y’ to confirm or anything else to quit: ");
gets (buf) ;
if (buf[0] = 'y")

return;

firstPoint = lastPoint = NULL;
while (fgets(buf,80,Fin))
if (sscanf (buf, "%d %*f %f %*f %f", &node, &flen, &fdisp) == 3){
p = (struct Point *)malloc(sizeof (struct Point)});
if (!p) DumpAndQuit ("Memory allocation error") ;
p->node = node;
p->flen = flen;
p->fdisp = fdisp;
p->next = NULL;
if (tfirstPoint) firstPoint = p;
else if (!lastPoint) {
lastPoint = p;
firstPoint->next = p;

/* First point in line */
/* Second point in line */

else{
lastPoint->next = p;
lastPoint = p;

}

/* Attach current point to end of line */

}

if (tfirstPoint) {
sprintf (buf, "No valid input line found in file %s", fileName);
DumpAndQuit (buf) ;

/***********************************t*******************************
This section modified Jan 10 1997
*********************************

for (::){
printf ("Press return to end or Enter new tailNode: "):
gets (cnode) ;
if (!(tailNode = atoi(cnode))) break;

p = firstPoint;
numNodes = 0;
totalDisp = 0.0;
area = 0.0;
u0 = p->fdisp;
d0 = p->flen;
while (p){
- numNodes++;
totalDisp += p->fdisp;
ul = p->fdisp;
dl = p->flen;
area += {d1-d0)* (u0+ul)/2.0;
if (p->node == tailNode) {
avgDisp = totalDisp/numNodes;
printf("\n\t Avg fault disp by arithmetic mean = %.2f m\n\n", avgbisp) ;
avgDisp = area/dl;
printf("\n\t Avg fault disp by integration = %.2f m\n\n",avgDisp) ;

break;
}
ul0 = ul;
do = di;

P = p->next;
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}
if (!p)
printf ("\n\tNode %d was not found in file %s\n\n", tailNode, fileName) ;

HE AR IR AR Rk Rk R kIR A AR AR AR AR Ak A kAR R AR AR AR R AKX K AR AN KRR KK XK KR AKX I Ak [

p = firstPoint;
area = 0.0;

u0 = p->fdisp;
d0 = p->flen;

while (p){

ul = p->fdisp;

dl = p->flen;

area += (d1-d0)* (u0+ul)/2.0;

if ((p->node) == tailNode) { /* Stop when tailNode is encountered */
avgDisp = area/dl;
printf("\t Avg D_f = %.2f m with tailNode %d from file %s\n",

avgDisp, tailNode, fileName) ;

break;

ul ul;
do di;
P = p->next;

}
if (!p)
printf (
*\n\tTail node %d not found in %s \n\n", tailNode, fileName) ;
}

void DumpAndQuit (char *s)
{

printf("\n *** %s ***\n\n",s);
exit(0);
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SlipEnergy.c

This code computes the mechanical energy (MJ) required to generate
the fault-displacement distribution calculated for any of the

Bare Mountain Fault test models. It uses output of code
FaultDisp.c, stored in a file scNNfOdisp.dat where NN is a
user-supplied integer (modelNumber) specified as command-line

argument

Author:
Date:

System Reqguirement:

Revised:

#include
#include
#include

to run the code.

G. I. Ofoegbu

January 07 1997

ANSI C under UNIX

Compile with acc on SUN 0S (cc will fail)

June 18 1997

User required to supply variable tailNode
as second command-line argument, and is
prompted to confirm input-file name and
tailNode interpreted by the code.
Variable tailNode is used to identify

fault tip
**************************************i*******************t*************/
<stdio.h>
<string.h>
<math.h>
<stdlib.h>

#include

float ShearStress(float dip, float kmDepth);
void DumpAndQuit (char* s);

main(int

argc, char* argv(])

char buf [81],*fileName="scNNf0disp.dat";
int node,modelNumber, tailNode;
float depth, fLen,dip, fDisp:
float ul,u2,wl,w2, taul, tau2;
float energy;
/* float zeroSlip=5.0e-3; No longer used, as of June 18 1997 */
FILE *Fin;

/*

Process command-line argument for to determine input file name
and tailNode

*/

if (argce < 3)
DumpAndQuit ("Usage: ProgramName modelNumber tailNode");

modelNumber = atoi(argv(i]);
sprintf (fileName, "sc%02df0disp.dat”,modelNumber) ;

Fin =

fopen (fileName, "r") ;

if (!Fin)
DumpAndQuit (strcat ("Unable to open file ", fileName));
if (! {tailNode = atoi(argv[2])})
DumpAndQuit (strcat ("Tail node not found in string ",argv([2]));
printf ("Input file = %s\n", fileName);
printf ("Tail node = %d\n", tailNode) ;

printf ("Enter 'y’ to confirm or anything else to quit: ");
gets (buf) ;
if (buf{0] != ‘y’)

return;

fgets (buf,80,Fin) ; /* Read and discard one-line heading */

if (!fgets(buf,80,Fin) ||

sscanf (buf, "%d %f %f %f %f", &node, &depth, &fLen, &dip, &£fDisp) != 5)
pumpAndQuit (strcat ("Error reading 1lst data line in ",fileName)};
ul fDisp;

[B]

wl = fLen*1000.; /* Convert down-dip width from km to m */
taul = ShearStress(dip, -depth); /* convert depth to positive value
and calculate shear strength */

energy = 0.0;
while {(fgets(buf,80,Fin)){
if (sscanf (buf,"%d %f %f %f %f", &node, &depth, &fLen, &dip, &fDisp) != 5)
DumpAndQuit (strcat ("Invalid input line read from ",fileName));

JExrEExxrxkxxx*rxrrxxxrr Pollowing option removed on June 18 1997 ***
if (fDisp < zeroSlip)
break;
**********t***t**i******t*****************************************/
u2 = fDisp;
w2 = fLen*1000.; /* Convert down-dip width from km to m */
tau2 = ShearStress(dip, -depth); /* convert depth to positive value
and calculate shear strength */
energy += (0.5*(taul*ul + tau2*u2)*(w2 - wl));

/* Next two code lines added on June 18 1997 */

if (node == tailNode)
break:

ul u2;

wl w2;

taul = tau2;
}

printf (*Slip energy = %12.3E MJ\t from file %s; tailNode %d\n",
energy, fileName, tailNode) ;

float ShearStress(float dip, float kmDepth)

float pi,alpha,ca,sa,nStress;
float sGradkm=25.0, fricAngle=47.0,hsigRatio=0.25,cohesion=2.7;

/*
This code module computes shear stress for incipient slip
at depth kmDepth in km on a surface with local dip of dip
based on Mohr-Coulomb slip criterion.
The friction angle for the surface is fricaAngle,
the vertical-stress gradient is sGradkm per km depth,
and ratio of horizontal to vertical stress is hsigRatio.

*/

pi = 4.0*atan(1.0);
alpha = pi*{0.5 + dip/180.0);
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ca = cos{alpha);
sa = sin(alpha);

nStress = sGradkm* (hsigRatio*ca*ca + sa*sa)*kmDepth; ! ‘\
return(cohesion + nStress*tan (pi*fricAngle/180.0)) ;

void DumpAndQuit (char *s) WD /)
{
printf("\n *** %s *xx\p\n",s); ;

exit{0);
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/*****tt***t****************t******t*f*******x****ﬁ*************
MagEstimates.c

The following code calculates earthquake magnitudes from

empirical formulas, hard-coded values of surface fault displacement,
average fault displacement, down-dip rupture width, and ratio

of rupture width to rupture length.

Author: G. I. Ofoegbu
Date: January 10 1997
System Requirement: ANSI C under UNIX
Compile with acc on SUN OS (cc will fail)
Revised: June 18 1997

Fault-rupture parameters re-defined

as described below
*******k***************************************************t***/

#include <stdio.h>
#include <math.h>

main ()

char *model [[={"Ss20", "IS05", "IS10", "IS$20", "DSO5", "DS10", "DS20"} ;
int i,numModels=7;

float sDisp(]={3.16,0.95,2.03,4.12,0.50,1.18,2.39};

/***************************************t*********t*************

Values for averageDisplacement and downDipRuptureWidth modified
on June 18 1997 because of change in method of determining location
of fault tip.

float aDisp(]={1.32,1.06,1.80,2.94,0.99,1.77,2.93};
float wd[]={l9.25,19.25,22.22,26.94,19.25,22.22,26.44};

New values assigned in next two code lines
**********************************************************t****/

float aDispl[]={1.88,1.48,2.91,5.76,1.38,2.84,5.59};
float wd([]1={13.5,13.7,13.7,13.7,13.7,13.7,13.7};

float minRatio=0.8,maxRatio=2.5;
float m2cm=100.0,km2cm=1.0e5;

float surfaceDisp,avgDisp,width,area;
float smod=1.3ell;

float magnitude;

for (i=0; i<numModels; i++) {
surfacebisp = sDisp[i]:
- avgDisp = m2cm * aDisp[il;
width = wd[il;
printf ("For %s\n",model[i]);

/* Convert avg disp to cm */

/* Surface-displacement formula */

magnitude = 6.61 + 0.71*1ogl0 (surfaceDisp) ;
printf ("\tM = %.2f from surface-displacement formula\n*,magnitude) ;

/* Rupture-width formula =/

i = 4.04 + 2.11*logl0(width): )
giggté%gttM = %.2f from rupture-width formula\n",magnitude);

/% Seismic-moment formula with min L/W ratio */

area = minRatio*width*width*km2cm¥*km2em;
; R 7,
de = (2./3.)*logl0(smod*avgDisp*area) 19. ; .
gigﬁtz%"itM = %{Zf from seismic-moment formula with L/W=%.1f\n",
magnitude,minRatio) ;

/* Seismic-moment formula with max L/W ratio */

area = maxRatio*width*width*kacm*km2cm; ) 0.7
i = (2./3.)*1logl0(smod*avgDisp*area) - 10.7;
gi?itg?gitM i %.2f from seismic-moment formula with L/W=%.1f\n\n\n",
magnitude, maxRatio) :

\
<)
\/




46

For SS20

E-S- - S 4

For IS05

T T T T

For IS10

T T X

For IS20

T T T

For DS05

T T T

For DS10

T T XXX

~ For DpS20

T T T X

~N o ;» N [ B« >R e R o] o o oo (o230 B~ I ]

(2B~ > B+ )

a o oo,

(o> B+ > R e - I o ]

.96
.43
.33
.66

.58
.44
.27
.60

.83
.44
.47
.80

.05
.44
.67
.00

.40
.44
.25
.58

.66
.44
.46

79

.88
.44
.66
.98

from
from
from
from

from
from
from
from

from
from
from
from

from
from
from
from

from
from
from
from

from
from
from
from

from
from
from
from

surface-displacement formula
rupture-width formula

seismic-moment formula with L/wW=0.
seismic-moment formula with L/W=2.

surface-displacement formula
rupture-width formula

seismic-moment formula with L/W=0.
seismic-moment formula with L/w=2.

surface-displacement formula
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(3]

N




47




48




/*********i*********************************t**********t***#*******
AccHitories.c

This code extracts vertical and horizontal acceleration histories

for a series of nodes from ABAQUS results file. User

is prompted to supply name of file containing node definitions

(node number, x- and y-coordinates, and along~normal or up-dip distance
from sourc7 as well as the names of ABAQUS restart and results files
(.res and N1 files). Name of output file for the acceleration
histories is lculated using source distance appended to a 3-character
string supplie Yy user.

Ihhkhkhkhkhhkhhkkhkhkx& ***************t***t*****************************/

#include <stdio.h>
#include <stdlib.h>

#include <string.h> E;‘(
void MakeCommandFile(int node, char* outFile, char* resultFile) ;
int GetFileName (char* name, char* prompt);

void DumpAndQuit (char* s);

main ()

char command[81],buf [81];

char *restartFi1e="0123456789012345",*resultFi1e=“0123456789012345";
char *outFile="(0123456789012345", *namePrefix="012345";

char *nodeFile="0123456789012345";

int node,nx,ny;

float x,y,rd;

FILE *Fnode;

/* Get file names for ABAQUS restart and results files */

!GetFileName (resultFile, "Results file, no extension (15 char max) ")
!GetFileName (namePrefix, "Output file prefix (5 char max)") ||
{GetFileName (nodeFile, "Node-definition file (15 char max) "))

return;

Fnode = fopen(nodeFile, "r");

if (!Fnode)

DumpAndQuit (strcat ("Unable to open file *,nodeFile));

VAR A AR R Ry L T TR L R R ROp S gy

For each node:
Setup ABAQUS/POST command file;

submit ABAQUS/POST job;

*******t*********************************/

while (fgets (buf,80,Fnode))
if (sscanf (buf,"%d %f %f %£",&node, &x, &y, &rd) == 4) {
nx = rd;

ny = (rd-nx)*1000;

sprintf(outFile,"%S%O2d.%03d",namePrefix,nx,ny);
MakeCommandFile (node,outFile, resultFile) ;

\revizorntal KRetana W

LL lbbeuwndavyy of wre

if (!GetFileName (restartFile,"Restart file, no extension (15 char max)")

FH

void MakeCommandFile (int node, char *outFile, char *resultFile)
{
FILE *Fjn;

Fin = fopen(“"abapost.jnl", "w");
if (!Fjn) DumpAndQuit ("Unable to setup abapost.jnl file");

fprintf (Fjn, "result, file=%s\n", resultFile) ;
fprintf (Fjn, “set, reportfile=%s\n", outFile);
fprintf(an,"readcurve,name=xa,var=a1,node=%d\n",node);
fprintf(an,"readcurve,name=ya,var=a2,node=%d\n",node);
fprintf(an,“definecurve,name=xa2,operation=multip1y\n“);
fprintf (Fjn, "xa\n") ;
fprintf (Fjn, "xa\n") ;
fprintf(an,"definecurve,name=ya2,operation=mu1tiply\n“);
‘ . fprintf (Fjn, "ya\n");
fprintf (Fjn, *ya\n") ;
fprintf(an,"definecurve,name=am2,operation=add\n");
fprintf (Fjn, "xa2\n");
fprintf (Fjn, "ya2\n");
fprintf(an,"definecurve,name=accmaq,operation=squareroot\n");
fprintf (Fin, *am2\n") ;
fprintf (Fjn, "printcurve\n");
fprintf (Fjn, "xa,ya, accmag\n\n") ;
fclose (Fjn);

return;

}

int GetFileName (char *name, char *prompt)
printf("%s or return to quit: ", prompt) ;
if (!gets(name) || strlen(name)==0)

I return(0);

return (1) ;

void DumpAndQuit (char *s)
{

printf("\n *** %5 *+**\n\n",s);
exit (0):
}

sprintf (command, "abaqus56 post restart=%s input=abapost.jnl", restartFile);

system (command) ;

b
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Node
14367
14385
14420
14438
14473
14491
14526
14544
14579
14597

6806

6841

6859

6894

6912

6947

6965

7000

7018

7053

7071

7106

7124

7159

7177

7212

7230

7265

7283

7318

5488

5487

5486

5485

5484

5483

5482

5481

5480
5479
266
248

2083
2082
2081
2080
2079
2078
2077
2076

Cerhvves on £l

x (km)
-5.0000
-4.1960
-3.3920
-2.7810
-2.1700
-1.7060
~1.2420
-0.8890
-0.5360
-0.2680

0.0000

0.2800

0.5600

0.8400

1.1210

1.4010

1.6810

1.9610

2.2410

2.5210

2.8010

3.0820

3.3620

3.6420

3.9220
4.2020
4.4820
4.7630

5.0430

5.3230
5.6030

5.9480

6.2940
6.5560
6.8180
7.0180
7.2170
7.3680
7.5200
7.6350
7.7500
7.8000
7.8500
7.9000
7.9500
8.0000
8.0500
8.1000
8.1500
8.2000
8.2500
8.4940
8.7370
9.0020
9.2660
9.5520
9.83%0
10.1500
10.4600

y (km)
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000
12.0000

Distance (km)
0.0000
0.8040
1.6080
2.2190
2.8300
3.2940
3.7580
4.1110
4.4640
4.7320
5.0000
5.2800
5.5600
5.8400
6.1210
6.4010
6.6810
6.9610
7.2410
7.5210
7.8010
8.0820
8.3620
8.6420
8.9220
9.2020
9.4820
9.7630

10.0430
10.3230
10.6030
10.9480
11.2940
11.5560
11.8180
12.0180
12.2170
12.3680
12.5200
12.6350
12.7500
12.8000
12.8500
12.9000
12.9500
13.0000
13.0500
13.1000
13.1500
13.2000
13.2500
13.4940
13.7370
14.0020
14.2660
14.5520
14.8390
15.1500
15.4600

Node
507
485
457
435
407

10702
10708
10730
10798
10837
10886
10904
10958
10994
11005
11047
11077
11080
11119
11152
11189
11223
11260
11293
11366
11402
11439
11469
11510
11584
11617
1671
1670
1744
1818
1892
1927
1965
2001
2039
4594
4546
4514
4513
4466
4432
4431
4390
4350
4349
4306
4267
4266
4220
4170
4169
4129
4089
4088

x (km)
13.8260
13.8558
13.8859
13.9159
13.9459
14.0750
14.2041
14.3271
14.5726
14.8032
15.0345
15.1411
15.4755
15.6144
15.7063
15.9470
16.0959
16.1824
16.4255
16.5820
16.7449
16.9890
17.2370
17.4038
17.8205
18.0674
18.2388
18.4119
18.6552
19.0691
19.2414
19.4137
19.4792
19.5792
19.6792
19.7792
19.8948
19.9448
19.9948
20.0448
20.2657
20.5492
20.8297
21.0476
21.5392
21.5949
21.8100
22.0763
22.5528
22.7665
23.0242
23.2814
23.4945
23.9651
24.2233
24.4412
24.9269
24.9695
25.1983

y (km)
1.9720
2.0065
2.0413
2.0761
2.1110
2.2161
2.3213
2.4309
2.3999
2.6573
2.6873
2.8342
3.0750
3.0042
3.1841
3.3176
3.2713
3.4709
3.6453
3.6201
3.6046
3.8118
4,0340
4.0334
4.2815
4.5320
4.5458
4.5626
4.8225
5.1050
5.1254
5.1458
5.3906
5.3906

'5.3906

5.3906
5.6354
5.6354
5.6354
5.6354
5.6354
5.8802
6.1250
6.1250
6.3698
6.6146
6.6146
6.8594
7.1042
7.1042
7.3490
7.5938
7.5938
7.8386
8.0834
8.0834
8.3283
8.5730
8.5728

Distance (km)
0.00

0.0745
0.1180
0.1614
0.2048
0.3692
0.5335
0.6949
0.8920
1.2204
1.4357
1.6015
2.0115
2.0963
2.2659
2.5411
2.6469
2.8216
3.1193
3.2423
3.3756
3.6906
4.0165
4.1606
4.6455
4.9846
5.1400
5.2983
5.6389
6.1386
6.2980
6.4575
6.6366
6.7232
6.8098
6.8964
7.1189
7.1622
7.2055
7.2488
7.4401
7.8080
8.1733
8.3621
8.9102
9.0808
9.2671
9.6201
18.1552
10.:403
10.68<8
11.0310
11.2155
11.7455
12.0915
12.2802
12.8233
12.9825
13.1806
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/**i*******i*t***********t*****************************************
GroundAccProfiles.c

This code prepares horizontal profiles of peak horizontal acceleration,
peak vertical acceleration, and peak acceleration magnitude using
acceleration histories stored in ABAQUS results file. User

is prompted to supply name of file containing node definitions

(node number and x- and y-coordinates) as well as the names of

ABAQUS restart and results files (.res and .fil files), and an

output file for the acceleration-profiles data.
**************************t‘k‘k*********i*******************i*i******/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct Point{
int node;
float x,y,xamax,yamax,maxamag;
struct Point *next;

;
float kmLeftBnd=-5.0;

void GetMaxAce (struct Point* p);

void MakeCommandFile (int node, char* resultFile);

int DefineNodes (struct Point** first);

int GetFileName (char* name, char* prompt);

void StorePoint(struct Point* cur,struct Point** f,struct Point** 1);
int IsBelow(struct Point* current,struct Paint* p);

void PrintPoints(struct Point* first, char* outFile);

void DumpAndQuit (char* s);

main ()

char command{81];

char *restartFile="0123456789012345", *resultFile="0123456789012345";
char *outFile="0123456789012345";

struct Point *FirstPoint, *p;

/* Get node definitions */

if (!DefineNodes (&FirstPoint))
return;

/* Get file names for ABAQUS restart and results files */

if (!GetFileName(restartFile, "Restart file, no extension") ||
!GetFileName (resultFile, "Results file, no extension®))
return;

if (!GetFileNsme{outFile,"Acc profiles output file")) outFile = NULL;

/********************t********************
For each ncde:
Setup ABAQUS/POST command file;
submit ABAQUS/POST job;
get acceleration data from ABAQUS/POST output file

HEXE XX KRR X I AR KRR I E IR AR I IR AR TRk khhk kR kx k[

p = FirstPoint;
while (p){
MakeCommandFile (p~>node, resultFile) ;
sprintf (command, "abaqus56 post restart=%s input=abapost.jnl", restartFile);

system (command) ;
GetMaxAcc (p) ;
P = p—>next;

PrintPoints (FirstPoint,outFile);
}

void GetMaxAcc(struct Point *p)

char buf [151];

int found=0;

float xamax,yamax,maxamag;
FILE *Fout;

Fout = fopen("acctmp.out","r");
if (!Fout) {

sprintf (buf, "Unable to open acctmp.out for node %4",p->node);
DumpAndQuit (buf) ;

while (fgets(buf,150,Fout))
if (sscanf(buf,"%*f %f %f %f", &xamax, &yamax, &maxamag) == 3)
found++;

fclose(Fout);

if (found) {
p->xamax = xamax;
p—>yamax = yamax;
p—>maxamag = maxamag;

}

elsef

sprintf (buf, "No acceleration data found for node %d",p->node);
DumpAndQuit {buf) ;
}

return;

}
void MakeCommandFile(int node, char *resultFile)
FILE *Fjn;

Fjn = fopen ("abapost.jnl", "w"); .
if (!Fjn) DumpAndQuit(“Unable to setup abapost.jnl file");

fprintf (Fjn, "result, file=%s\n", resultFile) ;

fprintf (Fjn, "set, reportfile=acctmp.out\n");

fprintf (Fjn, "readcurve, name=xa, var=al, node=%d\n",node) ;
fprintf (Fin, "“readcurve, name=ya,var=a2, node=%d\n", node) ;
fclose(Fjn);

system("cat acc.max.jnl >> abapost.jnl");
return;

}

int DefineNodes (struct Point **PirstPoint)

Gq
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char buf{81],*fileName="0123456789012345";
int choice,node;

float x.,y:

struct Point *first, *last, *current;

FILE *Fin;

if (!GetFileName (fileName, "Node-definition file"))
return{0) ;

Fin = fopen(fileNane,"r");
if (!Fin)
DumpandQuit (strcat ("Unable to open file *,fileName));

first = last = NULL;
while (fgets(buf,80,Fin))
if (sscanf (buf,"%d %f %f %*f %*f",&node, &x,&y) == 3){
current = (struct Point *)malloc(sizeof (struct Point));
if (!fcurrent)
DumpAndQuit {"Memory allocation failure"};
current->node = node;
current->x = X;
current—>y = V;
StorePoint {(current, &first, &last) ;

fclose(Fin) ;
if (tfirst) :
DumpAndQuit (strcat ("No valid input line found in file ",fileName));
*FirstPoint = first;
return(1);

}
int GetFileName (char *name, char *prompt)

printf ("%s (15 char max) or return to quit: ",prompt};
if (!gets(name) || strlen(name)==0)
return{0);

return(1l);

}

void StorePoint (struct Point *current,struct Point **first,struct Point **last)
{
struct Point *old, *p;

p = *first;

if (!*last){ /* current is the very first item in the list */
current->next = NULL;
*last = current;
*first = current;
return;

}

old = NULL;
while (p){
if (IsBelow (current,p)) {
old = p;
p = p~>next;’

9¢
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}
elsel
if (old) { /* insert current at this point in the list */
old->next = current;
current->next = p;
return;
}
current—->next = p; /* current becomes new first element */
*first = current;
return;

}
}

(*last)->next
current->next

= current; /* current becomes new last element */
*last = current;

NULL;
}
int IsBelow(struct Point *current,struct Point *p)

int below,notBelow;
float delta,xTol;

/*
This code module determines whether first-named Point is
to the right of second—-named Point

*/
below = 1; ¢ .‘\
notBelow = 0;
xTol = 0.05;

delta = current—>x — p->X; 1.0e-3*first->y,
if (delta > xTol) (first->xamax) /9.8,
return (below) ; (first->yamax) /9.8,
(first->maxamag) /9.8 .
return (notBelow) ; )3 .
} ) first = first->next;
void PrintPoints (struct Point *first, char *outFile) }
{
FILE *Fout; ‘{Old DumpAndQuit (char *s)
if (outFile) { Printf("\n *** %s **x\n\n",s)
Fout = fopen (outFile, "w"); exit(0);
if (!Fout) !

DumpAndQuit (strcat {("Unable to open file ",outFile));

else Fout = stdout;

if (lfirst)
DumpAndQuit ("Empty list: Nothing to print");

fprintf (Fout, "%$10s%125%125%155%155%15s\n",
“Node", "x (km)","y (km)","xAccMax (g)","yAccMax (g)","maxAccMag (g)");

while (first) {
fprintf (Fout, "%$10d%12.4f%12.4f%15.3£f%15.3£%15.3f\n",

first->node,
1 (1.0e-3*first—>x)-kmLeftBnd,
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FNormAccProfiles.c

This code prepares profiles of peak horizontal acceleration,

peak vertical acceleration, and peak acceleration magnitude along
hangingwall or fault-normal starting from a source location, using
acceleration histories stored in ABAQUS results file. User

is prompted to supply name of file containing node definitions

(node number, x- and y-coordinates, and along-normal or up-dip distance
from source) as well as the names of ABAQUS restart and results files

(.res and .fil files), and output file for acceleration-profiles data.
*****************'k**‘k********************1(*********************i***/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct Point{
int node;
float x,y,distance, xamax,yamax,maxamag;
struct Point *next;

H

void GetMaxAcc (struct Point* p);

void MakeCommandFile{int node, char* resultFile);

int DefineNodes (struct Point** first);

int GetFileName (char* name, char* prompt);

void StorePoint {struct Point* cur,struct Point** f,struct Point** 1);
void PrintPoints(struct Point* first, char* outFile);

void DumpAndQuit (char* s);

main ()

cha~ command [81] ;

ckar *restartFi1e="0123456789012345",*resultFi1e="0123456789012345“;
char *outFile="0123456789012345";

struct Point *FirstPoint, *p;

/* Get node definitions */

if (!DefineNodes (&FirstPoint))
return;

/* Get file names for ABAQUS restart and results files */

if (!GetFileName(restartFile, "Restart file, no extension") I
!GetFileName (resultFile, "Results file, no extension"))
return;

if (!GetFileName (cutFile, "Acc profiles output file")) outFile = NULL;

/*****************i{*********************i*
For each node: :
Setup ABAQUS/POST command file;
submit ABAQUS/POST job;
get acceleration data from ABAQUS/POST output file

***t*************************************/

p = FirstPoint;

while (p){
MakeCommandFile (p—>node, resultFile) ;
sprintf (command, "abaqus56 post restart=%s input=abapost.jnl", restartFile) ;
system(command) ;
GetMaxAcc (p) ;
P = p—>next;
}
PrintPoints (FirstPoint,outFile);

}
void GetMaxAcc (struct Point *p)
{

char buf[151];

int found=0;

float xamax,yamax,maxamag;
FILE *Fout;

Fout = fopen("acctmp.out", "r");

if (!Fout) {
sprintf (buf, "Unable to open acctmp.out for node %d", p—>node) ;
DumpAndQuit (buf) ;

}
while (fgets (buf,150,Fout))
if (sscanf (buf, "%*f %f %f %f", &xamax, &yamax, &maxamag) == 3)
found++; .

fclose (Fout) ;
if (found) {
p—>xamax xamax;
p->yamax yamax;
p—>maxamag = maxamag;
}
else
sprintf (buf, "No acceleration data found for node %d", p—>node) ;
DumpAndQuit (buf) ;
}

return;

}
void MakeCommandFile(int node, char *resultFile)
FILE *Fjn;

Fjn = fopen("abapost.jnl","w");
if (!Fjn) DumpAndQuit (“Unable to setup abapost.jnl file");

fprintf (Fjn, "result, file=%s\n", resultFile);

fprintf (Fin, "set, reportfile=acctmp.out\n");

fprintf (Fin, "readcurve, name=xa, var=al, node=%d\n" ,node) ;
fprintf (Fjn, "readcurve, name=ya, var=a2, node=%d\n", node) ;
fclose (Fin);

system("cat acc.max.jnl >> abapost.jnl");
return;
}

int DefineNodes (struct Point **FirstPoint)

char buf [81], *fileName="0123456789012345";

)
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int choice,node;

float x,y,distance;

struct Point *first,*last, *current;
FILE *Fin;

if (!GetFileName (fileName, "Node-definition file®))
return (0} ;

Fin = fopen(fileName, "r");
if (!Fin)
DumpAndQuit {strcat("Unable to open file ", fileName));

first = last = NULL;
while (fgets(buf,80,Fin))
if (sscanf (buf,"%d %f %f %f", &node, &x, &y. &distance) == 4){
current = (struct Point *)malloc{sizeof (struct Point));
if (lcurrent)
DumpAndQuit ("Memory allocation failure");
current—>node = node;
current—>x = x;
current—->y = y; :
current—>distance = distance;
StorePoint (current, &first, &last) ;

fclose(Fin);
if (!first)
DumpAndQuit (strcat ("No valid input line found in file *,fileName));
*FirstPoint = first;
return(1);

}
int GetFileName (char *name, char *prompt)

printf("%s (15 char max) or return to quit: ".prompt);
if (!gets(name) || strlen(name)==0)
return(0);

return (1) ;

void StorePoint (struct Point *current,struct Point **first,struct Point **last)
struct Point *old, *p;
p = *first;

if (!*last){ /* current is the very first item in the list */
current->next = NULL;
*last = current;
*first = current;
return;

}

old = NULL;
while (p){
if ((current->distance)” (p—->distance)) {
old = p;
P = p—>next;

}

elsed{

if (old) { /* insert current at this point in the list */
old~>next = current;
current->next = p;
return;

current—->next = p; /* current becomes new first element */

*first = current;

return;

}

}

(*last)->next = current; /* current becomes new last element */
current—>next = NULL;
*last = current;

}
void PrintPoints(struct Point *first, char *outFile)
{

FILE *Fout;

if (outFile) {
Fout = fopen(outFile, "w");
if (!Fout)
DumpAndQuit (strcat ("Unable to open file ",outFile));

else Fout = stdout;

if (1first)
DumpAndQuit ("Empty list: Nothing to print");
fprintf (Fout, "%$10s%12s%125%155%155%155%15s\n",
"Node", "x (km)*","y (km)","frmSource (km)","xAccMax (g)y"
vyAccMax (g)","maxAccMag (g)");

while (first){
fprintf(Fout,“%10d%12.4f%12.4f%15.4f%15.3f%15.3f%15,3f\n",
first—->node,
first->x,
first—>y,
first->distance,
(first->xamax) /9.8,
(first->yamax) /9.8,
(first->maxamag) /9.8
first = first-—>next;
}
}

void DumpAndQuit (char *s)
{

printf ("\n **+* %s ***\n\n",s);
exit(0);

8G



29

definecurve,name=xa2,operation=multiply e i v

' xa
xa .
definecurve,name=ya2, operation=multiply
va
ya
definecurve,name=am2, operation=add
xa2
ya2
definecurve, name=mag, operation=squareroot
am2 .
definecurve, name=maxmag, operation=maximum
mag
definecurve, name=xabs, operation=abs
xa
definecurve, name=yabs, operation=abs
va
definecurve, name=xamax, operation=maximum
xabs
definecurve,name=yamax,operation=maximum
vabs -
printcurve

Xamax,yamax, maxmag

end
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Peak horizontal acceleration (g)
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RBrealc e  rec ~

(0P A wiimas

1.0, 3:0 and 5:0 85 &

V\oA-QN\&Mbe’ . A= ' G- d

f oo mins semgund Rogus

Accxy2Mag.c

*****

Translate nodal-acceleration data (ABAQUS output) from x- and

y-components to acceleration maggitude.
LR T LR T TR F R R RN ié‘i;: ****************************** /
#include <stdio.h> o es “x*' MR

#include <math.h>
main ()
char buf [151];
int node;
float xacc,yacc;

while (gets (buf))
if (sscanf (buf, "%d %f %£", &node, &xacc, &yace) == 3)

printf("%10d,%l2.4E\n",node,sqrt(xacc*xacc + yacc*yacc));

*kkxk

*HEADING

Model to read in and plot magnitudes of acceleration resultant from

analysis cases based on m09 model. Magnitudes of acceleration
are read in as user-defined field variables, which can then

be plotted using ABAQUS/POST
*PREPRINT, MODEL=NO, HISTORY=NO, ECHO=NO
* &k

*RESTART, WRITE, OVERLAY

* k%

*** Read model from external file

*** Then read acceleration-magnitude files
* %k Kk

*INCLUDE, INPUT=m09aModel.def

*INITIAL CONDITION, TYPE=FIELD,VARIABLE=1, INPUT=sc031.amag
*INITIAL CONDITION, TYPE=FIELD, VARIABLE=2, INPUT=sc033.amag
*INITIAL CONDITION, TYPE=FIELD,VARIABLE=3, INPUT=sc035.amag
* ok k

** Dummy Step
*k*

[d
*STEP s "'e P
STER Ana\n\?ﬁ
1.0,1.0 \'(o:ﬁ -
*NODE PRINT, FREQ=0 A°¢ U’ V‘S
*EL PRINT, FREQ=0 5
*END STEP
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TABLE 1

-Recommended Minimum Values for the Average Value of dggg

(HT0P= 3 km, HBUT= 15 km)

Magnitude Rupture Width dsgs (km)
(My) (W, km) o= 30° o = 45° = 00°
5.00 3.2 8.0 7.6 7.1
5.25 4.2 7.8 7.3 6.7
5.50 5.6 7.6 7.0 6.2
5.75 7.5 7.3 6.6 5.6
6.00 10.0 7.0 6.1 49
6.25 13.3 6.6 55 4.1
6.50 17.8 6.1 48 3.1
“““““ 6.75 23.7 55 40 3.0
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ o e s i i~
0= faukt dip
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/**********************************‘k******************************
PhaModels.c

Compute peak horizontal acceleration based on attenuation models of
Campbell (1997), Sadigh et al. (1997) and Spudich et al. (1997)

for comparison with values from finite element model. Accelerations
from attenuation models are computed for earthquakes of magnitude 6.0
and 7.0. Finite element results are from the current 2D model of
Bare Mountain Fault, for the case of a 2-km source at 10-km depth
(i.e., Case DS20). To use finite element results for other cases,
modify variables cName and srcDepth as follows:

srcDepth source depth (km)

cName finite—-element—-model case name
(used to compute name of file containing
finite element results)

srcDepth cName
10.028 ds20
10.028 ds10
10.231 ds05
6.15 is20
6.15 is10
6.37 is05

Case SS20 is not appropriate for the attenuation models

Author G. I. Ofoegbu
Date August 27 1997
System ANSI C

Ak Ak kA Ak AR A AR AR AR AR AR AR A AR AR IR AR IR IR IR AR XA KRR Ak RN R KX A ATk wx [

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>

struct Line{
float dYdX,yIntercept:
float xFault,yFault;
};

float Degree2Radian(float angleInDegree);

struct Line FaultLine(float dipDegree, float xLoc, float yLoc);

float CampbellDistance(struct Line* fault, float egMag, float x);

float SadighDistance(struct Line* fault, float x);

float JoynerBooreDistance (struct Line* fault, float x);

float AccByCampbell (struct Line* fault, float eqMag, float x}:

float AccBySadigh(struct Line* fault, float egMag, float x);

float AccBySpudich(struct Line* fault, float egMag, float x);

float P2LDistance(float x, float y, float dydX, float yIntercept);

void ComputeAndPrint (struct Line *bmF, float* egMag, float srcDepth,
FILE *Fin, FILE *Fout):;

void DumpAndQuit (char* s);

main ()

char *cName="ds20";
char *infile="----atop.dat"”, *outfile="————aMod.acc";
float xFault=13.0,yGround=12.0,faultDip=60.0,srcDepth=10.028;

S~
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float eqMag[1={6.0,7.0};
struct Line bmF;
FILE *Fin, *Fout;

bmF = FaultLine(faultDip,xFault,yGround) ;
bnF.xFault = xFault;
bmF.yFault = yGround;
sprintf (infile, "%satop.dat", cName) ;
sprintf (outfile, "%saMod.acc",cNane) ;
Fin = fopen{infile,"xr");
if (!Fin)
DumpAndQuit {strcat ("Unable to open file %,infile));
Fout = fopen({outfile, "w");
if (!Fout)
DumpAndQuit (strcat ("Unable to open output file ",outfile));

ComputeAndPrint (&bnF, &egMag [0] , srcDepth, Fin, Fout) ;

fclose (Fin) ;
fclose (Fout) ;
}

void ComputeAndPrint (struct Line *bmF, float *mag, float srcDepth,
FILE *Fin, FILE *Fout)
{
char buf [151];
int i;
float xFault,yGround, xLoc;
float feAcc,camAcc[2],sadAcc([2],spuAcc(2];
float egMag;

fprintf (Fout, "Peak horizontal acceleration (g) "):

fprintf (Fout, *from three attenuation models and FE model DS20\n");

fprintf (Fout, "For Earthquake Hypocenter at depth %.1f km\n",srcDepth);

fprintf (Fout, "%125%125%125%125%125%125%12s%12s\n", "xPos km“f"FE_DSZO",
"Campbel M6", "Campbel_M7", "Sadigh_M6", "Sadigh M7","Spudich_Mé",
v*Spudich M7") ;

while (fgets(buf,150,Fin))
if (sscanf (buf, "%*d %f %*f %f %*f %*f",&xLoc, &feAcc) == 2} {

for (i=0; i<2; i++){
egMag = maglil:
camAcc [i] = AccByCampbell (bmF, egMag, xLoc) ;
sadAcc[i] = AccBySadigh (bmF, egMag, xLoc) ;
spuicc {i] = AccBySpudich (bnF, eqMag, xLoc) ;
}

/* Print results */

fprintf (Fout, "%12.2£%12.4f%12.4f%12.4f%12.4f%12.4£%12.4£%12.4f\n",
xLoc, feAcc, camAcc [0] , camAcc [1] , sadAacc [0] , sadAcc (1],
spuAcc (0], spuacc[l1]);

VAR AR AR A AR e e s S A AR A AR A AR A A e e A A LR ]

AccByCampbell

Th%s code returns magnitude of peak horizontal acceleration

using Campbell (1997) empirical attenuation function for a
normal-fault earthquake. Acceleration is computed for a hard-rock
site.

Author G. I. Ofcegbu
Date August 27 1997
System ANSI C

********t*********t***********t*************************tt**t**/

float AccByCampbell (struct Line* fLine, float egMag, float x)
{

float r,eTerm, fTypeTerm, hrTerm, rTerm, mTerm;
float typeFactor=0.5;

r = CampbellDistance (fLine, eqMag,X) ;

eTerm = 0.149*exp (0.647*eqMag) ;
mTerm = 0.904*egMag - 3.512;
rTerm = —1.328*log(sqgrt(r*r + eTerm*eTerm));

fTypeTerm = 1.125 - 0.112*log(r) - 0.0957*egMag;
fTypeTerm *= typeFactor;
hrTexrm = 0.405 — 0.222*1log(r);
return (
exp (mFTerm + rTerm + fTypeTerm + hrTerm)

H

}

/*******t*********************t*********************************
AccBySadigh

This code returns magnitude of peak horizontal acceleration

using Sadigh et al (1997) empirical attenuation function. The
function is valid for both normal-fault and strike-slip earthquakes,
but only for acceleration at a soft-rock site.

Author G. I. Ofoegbu
Date August 27 1997
System ANSI C

***************t***********************************************/

float AccBySadigh(struct Line* fLine, float egMag, float x)
{
float r,mTerm,rTerm,eTerm;

r = SadighDistance(fLine,Xx) ;
if (egqMag <= 6.5) {

eTerm = exp(1.29649 + 0.25*eqMagq) ;
mTerm = egMag — 0.624;

else{
eTerm = exp(-0.48451 + 0.524*eqMag) ;
mTerm = l.l*egqMag - 1.274;

rTerm = -2.1l*log(r + eTerm);

return (

exp (mTerm + rTerm)

H
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/******************t*t*tt*t****************t********************

AccBySpudich

This code returns magnitude of peak horizontal acceleration

using Spudich et al (1997) empirical attenuation function for
normal-fault earthquakes. Acceleration is computed for a rock site.
Function is valid for (egMag >= 5) and (egqMag <= 7.7), where egMag
is the earthquake magnitude (moment magnitude).

Author G. I. Ofoegbu
Date August 27 1997
System ANSI C

HEK IR KKK I AR KA IR IR Ik hhhkhkhhkhhhhk ok hkkh ko hk ok Rk khkkkkdh kst k [

float AccBySpudich(struct Line* fLine, float egMag, float x)
{
float rjb,dTerm,rTerm,mTerm;

rjb = JoynerBooreDistance (fLine, x) ;
dTerm = sqgrt(rjb*rjb + 5.57*5.57);
rTerm = —-0.945*10g10 (dTerm) ;
mTerm = 0.156 + 0.229*(eqMag — 6.0);
return(

pow(10.0, (nTerm + rTerm))

;

}
void DumpAndQuit (char *s)
{
printf ("\n *** %s ***\n\n",s);

exit (0);
}
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code

#include <stdio.h>
#include <math.h>

struct Line{
float 4dYdX,vIntercept;
float xFault,yFault;
}:

float Degree2Radian(float angleInDegree) ;

struct Line FaultLine(float dipDegree, float xLoc, float yLoc);
float CampbellDistance(struct Line* fault, float eqMag, float x);
float SadighDistance(struct Line* fault, float x);

float JoynerBooreDistance (struct Line* fault, float x);

float P2LDistance(float x, float y, float dYdxX, float yIntercept):

/*tt**************************************************
Degree2Radian

Convert angle from degree to radian
****kt**t**********************t*********************/

float Degree2Radian(float angle)
{
float pi;

pi = 4.0*atan(1.0):
return (angle*pi/180.);

VARE AR AR AR e R s e et R AR R AR R e R A AR A AR A A

FaultLine (2D Version)

Computes straight-line parameters for a normal fault defined
in terms of its dip and point of intersection (xLoc,yLoc)

with the ground surface. Fault dips in +x direction
***********************************************************/

struct Line FaultLine(float dip, float xLoc, float ylLoc)

struct Line line;
float grad,angle;

angle = Degree2Radian (dip) :

grad = —tan(angle);

line.dYdX = grad;

line.yIntercept = yLoc - grad+*xLoc;
return(line) ;

}

/***********************************************************
CampbellDistance

Compute distance parameter R_seis in Campbell (1997)
attenuation model. Code returms R_seis to calling program.

4 Minimum seismogenic depth [from Campbell (1997)]

(=3 for eqMag=7 or 5 for eqMag=6 for 60-degree fault)
xf x-coordinate of surface trace of fault
x x-coordinate of site

egMag Moment magnitude of earthquake
£ Line data structure that holds definition of
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Bare Mountain fault as a line in Y=aX+b format

All points are on the ground surface; hence, y-coordinate of
each point is the same as y-coordinate of surface trace of fault
(f~>yFault)

Author G. I. Ofoegbu
Date August 26 1997
System ANSI C

***********t*************t******t***********************t**/

float CampbellDistance(struct Line* f, float egMag, float x}
{

float d,dellX,del2X,xd,xmin;
float dip=60.0,rad,xf;

xf = f->xFault;
if (eqMag > 6.9)
d=3.0;
else d=5.; /* eqMag is either 7 or 6 in this code */
rad = Degree2Radian (dip);
dellX = d/tan{rad);
rad = Degree2Radian(90.0-dip);
del2X = d/tan(rad);
xmin = xf + dellX + del2X;
if (x > xmin)
return (
P2LDistance(x,f—>yFau1t,f—>deX,f—>yIntercept)
)i

elsef
xd = xmin - del2X;
return (

sqrt ( (x—xd) * (x-xd) + d*4)

)i
}

}

/****************************t**********t*******************
JoynerBooreDistance

Compute distance parameter R_jb in Spudichetal (1997)
attenuation model. Code returns R_jb to calling program.

xmin Minimum x-coordinate on surface projection of fault
xmax Maximum x—coordiante on surface projection of fault
x x-coordinate of site

£ Line data structure that holds definition of

Bare Mountain fault as a line in Y=aX+b format

All points are on the ground surface, which is horizontal

Author G. I. Ofoegbu
Date August 26 1997
System ANSI C

***********************************t***t********t**********/

float JoynerBooreDistance (struct Line* £, float x)
{

float xmin,xmax,rad;
float dip=60.0,detachmentDepth=12.0;

xmin = f->xFault;
if (x < xmin)
return (xmin-x) ;

rad = Degree2Radian({dip);
xmax = xmin + detachmentDepth/tan (rad);
if (x > xmax)

return (x-xmax) ;

return(0.0) ;
}

/**t********************************************************
SadighDistance

Compute distance parameter R_rup in Sadighetal (1997)
attenuation model. Code returns R_rup to calling program.

x£f x—coordinate of surface trace of fault
X x—-coordinate of site
£ Line data structure that holds definition of

Bare Mountain fault as a line in Y=aX+b format

All points are on the ground surface; hence, y-coordinate of
each point is the same as y-coordinate of surface trace of fault
(f—>yFault)

Author G. I. Ofoegbu
Date August 26 1997
System ANSI C

*****t******************t****************t*****************/

float SadighDistance(struct Line *f, float x)
{

float xf;
xf = f->xFault;

if (x < xf) /* Point on footwall =*/
return (xf-x) ;

return (
PZLDistance(x,f—>yFault,f—>deX,f—>yIntercept)
)i

.
-
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C Function P2LDistance (2D Version)

Computes distance from a point to a line, both of which lie on the
same plane. The point is specified as (x,y). The line is specified
as (a,b) with reference to the equation (y = ax + b).

This is not a stand-alone function. It is designed to be used as a
module in a C program. The prototype definition for the function is

float P2LDistance (float x, float v, float dvdx, float yIntercept);

Author G. I. Ofoegbu

Date May 8 1997

System ANSI C

*khkkkkkhkkk khkkkk Kkt AR AR R R R R R /

float P2LDistance(float x, float v, float a, float b)
{

float x1,y1;

x1 = (a*(y-b) + x)/(1.0 + a*a);
vl = a*x1 + b;
return (
sqre ((x—x1) * (x—x1) + (y-y1)*(y—y1))
)i

b
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--------- Finite element model case DS20
==0—- Campbell (1997) for M=6
—&—— Campbell (1997) for M=7
~—=—e—<~ Sadigh et al. (1997) for M=6

0.6 - 3 —e— Sadigh et al. (1997) for M=7
\ ———~ Spudich et al. (1997) for M=6
/ ) fi | = Spudich et al. (1997) for M=7
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function(fname = "GMotionModel/ds20top.rfsn", wmin = 1, wmax = 100, awmax =
0.399)

{
xfault <- 13

xmin <- 0
xmax <- 42
a.hwall <-
a.fwall <-

hwfactor <~ log(a.hwall/a.fwall) 4
mat <- list{n =0, x = 0, a = 0, rn
mat <— scan(fname, what = mat, skip

x <— mat$x

.5
0.155
0.092

0, rs = 0, rf = 0, ratio = O)}
1)

xrange <— {x > xmin & x < xmax)
xx <- x[xrange]

aa <- mat$a[xrange] «
a <~ log(aa)
rs <—- mat$rs [xrange]
ratio <- mat$ratio[xrange]
vrs <- log(rs)

w <— rep{wmin, length(xx))

for(i in l:length(w)) {
if (aali] > awmax) }
wli] <- wmax
if (xx[i] > xfault)
alil <- ali] - hwfactor

wse wa

}
a.fit <- 1m(a ~ vrs + ratio + vrs:ratio, weights = w)
k0 <- a.fit$coef [1]
ks <— a.fit$coef [2]
kn <- a.fit$coef [3]
ksn <- a.fit$coef [4]
xrange <— x > 0
xx <=- X[xrangel]
rs <— mat$rs[xrange]
ratio <- mat$ratio[xrange]
vrs <— log(rs)
a <- mat$a[xrange]
a.model <— k0 + ks * vrs + kn * ratio + ksn * vrs * rati
for(i in l:length(xx)) {

if (xx[i] > xfault)

a.model [i] <—- a.model[i] + hwfactor

}

a.model <— exp(a.model)

plot(xx, a, type = "p", pch = "#*")

lines (xx, a.model)

a.fit$coef -\
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FromFSN.c

i ite-to— ite-to-fault distances
Compute site-to-source, site-to-normal, and 51te' 0
forpsites on the ground surface, based on a specific 2D model of
Bare Mountain Fault.

Author G. I. Ofocegbu
Date August 28 1997
System ANST C

P L T T T Ty e R e st iy

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <string.h>

struct Line{
float dydX,yIntercept;
}:

void LineFromEnds (float x0, float y0, float x1, float yl, struct Plne* line);
float P2LDistance (float x, float y, float dYdX, float yIntercept):

float Degree2Radian(float angleInDegree); .

void BMFault2D(struct Line* fault,struct Line* normal);

void ComputeAndPrint (FILE *Fin, FILE *Fout);

void DumpAndQuit (char* s);

float xFaultTrace=13.0,yFaultTrace=12.0,faultDip=60.0,xNormalTrace;
float xSource,ySource, sourceDepth;

main ()

£[81]; . ..
222; Egnéili=“../AccProfiles/—s——atop.dat",*outFllef"—s——top.rfsn',
char *names[]={"ds20","ds10%,"ds05","is20","is10","is05","ss20"};
int i; .
float depth[]={10.028,10.028,10.231,6.15,6.15,6.37,1.762};
FILE *Fin, *Fout;

for (i=0; i<7; i;+){h[.]
= depthli]; .
z;?iﬁi??ﬁggile,"?./AccProfiles/%satqp.dat",names[1]);
sprintf (outFile, "%stop.rfsn",names [1i]);
Fin = fopen(inFile,"xr");
if (!Fin) L.
DumpAndQuit (strcat ("Unable to open ",inFile));

Fout = fopen (outFile,"w");
. y
lfDéﬁZ;iéQuit(strcat("Unable to open ",outFile));
ComputeAndPrint (Fin, Fout) ;
fclose (Fin) ;
fclose(Fout);

}

}

void ComputeAndPrint (FILE *Fin, FILE *Fout)
{

char buf{121];
int node;

float depth,fromNormal,fromSource,fromFault,x,y;
float feAcc,rfrsRatio;
struct Line faultLine,normalLine;

/* Compute equations of fault line and normal line in form y=ax+b */

BMFault2D(&faultLine, gnormallLine) ;

fprintf(Fout,"%105%105%155%15s%lSs%lSs%lSs\n","Node","x—km","feAcc—g",
"fromNormal—km","fromSource—km","fromFault—km","l—rf/rs");

*
Obtain from file, for points on the ground surface:
nodal-point numbers, x- and y- coordinates,
and peak horizontal acceleration from finite element analyses.

while (fgets (buf, 120,Fin))
if (sscanf (buf, "%d %f %f %f %*f %*f", &node, &x, &y, &feacc) == 4) {

/*
Distance from normal:
Based on horizontal distance
if point is beyond normal block (x>xNormalTrace) ;
or on perpendicular distance from normal

*/
if (x > xNormalTrace)
fromNormal = sqrt ( (x—xNormalTrace) * (x~xNormalTrace) } ;
else
fromNormal = P2LDistance(x,y,normalLine.deX,normalLine.yIntercept);
/*

Distance from source:
Based on radial distance from source point;
*/
fromSource = sqrt(
(x—xSource) * (x-xSource) + (y-ySource) * (y-ySource)
Yi

/*
Distance from fault:
Based on horizontal distance if point is on footwall (x < xFaultTrace);
or on perpendicular distance from fault if point is on hangingwall
*/
if (x < xFaultTrace)
fromFault = sqrt ( (x—xFaultTrace) * (x-xFaultTrace) ) ;
else

fromFault = P2LDistance(x,y,faultLine.deX,faultLine.yIntercept);

rfrsRatio = fromFault/fromSource;

if (rfrsRatio > 1.0) rfrsRatio=1.0;

fprintf(Fout,"%10d%10.4f%15.3f%15.4f%15.4f%15.4f%15.4f\n",
node,x,feAcc,fromNormal,fromSource,fromFault,1.0—rfrsRatio);

/
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/****t***************************************************t*********t*

C Function BMFault2D

Determine equations of Bare-Mountain-Fault line and normal to the fault
through a source point on the fault. Each equation is defined as

y = ax + b and parameters (a,b) are returned through the Line data
structure defined above.

This is not a stand-alone function. It is designed to be used as a
module in a C program.

Author G. I. Ofocegbu
Date August 15 1997
System ANSI C
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void BMFault2D(struct Line* faultLine,struct Line* normalLine)

{
float angle,yNormalTrace, srcDepth;

srcDepth = sourceDepth;

angle = Degree2Radian(faultDip);

ySource = yFaultTrace - srcDepth;

xSource = xFaultTrace + srcDepth/tan(angle);
xNormalTrace = xSource + srcDepth*tan(angle);
yNormalTrace = yFaultTrace;

LineFromEnds (xSource, ySource, xFaultTrace, yFaultTrace, faultLine) ;
LineFromEnds (xSource, ySource, xNormalTrace,yNormalTrace, normalline) ;

}

/********************************************t*************
C function LineFromEnds (2D Version)

Compute equation of line in terms of y = ax + b given end points.
Parameters (a,b) are returned through Line data structure provided
by calling code.

**********t***tt***t**************************t***********/

void LineFromEnds (float x0, float y0, float x1, float yl,
struct Line *line)

float yIntercept,gradient;
gradient = (yl - y0)/(x1l - x0);
vintercept = yl - gradient*xl;
line->dYdX = gradient;

line—>yIntercept = yIntercept;
}

/********************************************************‘k* '
C function Degree2Radian

Convert angles from degree to radian
*********************************************t************/
float Degree2Radian(float angle)
{

float pi;

pi = 4.0*atan(1.0);

return (angle*pi/180.);
/***********************************************t******t*************
C Function P2LDistance (2D Version)
Computes distance from.a point to a line, both of which lie on the
same plane. The point is specified as (x,¥). The line is specified

as (a,b) with reference to the equation (y = ax + b).

This is‘not a stand-alone function. It is designed to be used as a
module in a C program. The prototype definition for the function is

float P2LDistance(float x, float y, float d¥dX, float yIntercept);

Author G. I. Ofoegbu
Date May 8 1997
System ANSI C

**************t**********t***********t*****************t**t*********/

float P2LDistance (float x, float vy, float_a, float b)

float x1,y1;

x1 = (a*{y-b) + x)/(1.0 + a*a);
vyl = a*x1 + b;
return (

sart ((x—x1) * (x-x1) + (y-y1)*(y-y1))

}
YOid DumpAndQuit (char *s)

printf ("\n *** %g *x+\n\n",s);
exit(0);

2
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Attenuation model parameters for simulated earthquakes A
Model ID I} Q Qp Qg s
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ DS20 0.5216 3.4022 -1.8215 -14.086 5.0240
DS10 0.0429 4.4719 -2.2125 -10.844 3.8215 [ | I
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ DS05  0.0189 4.4624 -2.4192 -9.9868 3.5522
IS20 0.6816 0.2722 -0.9880 -7.5411 3.3181 .
IS10 0.3868 1.3105 -1.4957 -5.9546 2.7173
IS05 0.2211 0.7855 -1.4517 -2.7858 H/j,Qél
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ oo
Parameters (3, a,, oy, oy, and o,y are defined in Eq. [27. G) “““““““
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